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ABSTRACT

The cffectiveness of the U.S. tariff in protecting the Florida
tomato producer from Mexican competition in the winter mariet is
quantitatively examined using an ccononmetric simulation model of the
industyy. It was found that the tariff during the 1960's substantially
protected the Florida producer {rom forcign competition, but that in
recent times the cffectiveness of tﬁc tariff has bccﬁ significantly
reduced. The results of the simulation model indicate that Mexican
compctition in the winter tomatc niarket is formidable but cffectively

manipulatable through the tariff policy instrument.
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T. IntroJuction}/

e gy . —————m— W e

In the late 1960's and in the 1970's, there has been increasing
concern by United Statcs_tomntb producers that the tomato is leaving the
United States and heading south for the winter. The lMexican shnré of
the United States' Market for fresh winter and early spring tomatoes has
recently climbed to greater than 50%, compared to 30-35% in the early
1960's. The increcasc in market share was attained at the cxpensc of
Florida producers, who arc the only comrercially significant domestic
suppiicrs of {resh winter and carly spring tomatoces.

Import tariffs arc in effect throughout the year in the United
States with fhe intent to protect demestic producers of tamatoes from
cxcessive foreign competition. The tariff has varicd scasonally, the
highest rate cccuring in ilarch through July 14 and September 1 through
Nov. 14 (2.1¢/1b), with a lower rate applying at other times (1.5¢/1b.).2/
The general censensus is that the tariffs provide considerable protection
for U.S. produccrs, and that climination of tariffs would cause a substantial
reduction in domestic production and o concomitant significant rise in

imports.

1/

~tuch of the discussion concerning the role of ‘exico in the U.S.
Tomato hrxet was distilled from Fliginper, cot, al.; Siwoons, ct, al;
and Goldberg. .

2/

= Tarif{ Schedules of the United States, U.S. Tarif{ Commission,
varions issues,
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The purpose of this paper is to quantitatively examine the cffect
of tariffs on the U.S. winter tomato industry using an cconomctric
simulation model of the industry. The tomato model is a contributicn to
a larger U.S.D.A. study developing quarterly market models for a sclected
set of fresh salad vegetables. The specific simulations involve manipul-
ations of the tariff schedules to form various scenarios for the 1960-
1978 winter quarters. The effects of the various scenarios on prices
and quantitics in the winter tomato market arc examined, and the Mexican
inf uence on the market is assessed in light of the simulation results.

1I. FElements of Industry Structure

In this scction, a brief description of some salient characteristics
of the U.S. production base, the Hexican.supply for cxport, the supply
and demand situation in Canada, and the method of price determination in
the tomato industry is presented. Some additional details of direct
relevance to model specification are presented in the next section.

U.S. Production Base

Tomato production occurs in the United States during all quarters
3 . : : . . .

of the ycar.—/ Pomestic production is most geographically dispersed in
the summer, with commercially significant production occurring in over

twenty states.  The dominant producer in the swamer is California,

3/

=~ In referring to guarters of the year, standard U,S.D.A. <definitions
were usced, namely winter = January-arch, Spring = April-June, swmer =
July-Septenver, and fall = October-December,



typically supplying 40-50% of the swaner tonnage, During the 1970's,
generally 40% or more of the total amal domestic production of tomutoes
occurred during the sumacer woaths,

Domestic production becomes more geographically concentrated in the
spring and fall. 1In the fall, California and Florida arc the dominant
producers.  The two states accounted for virtually all of the fresh fall
tomato production during the 1970's, with roughly 50% ol the tonnage
attributable to cach state. Slightly over 20% of total annual domestic
tomato production occurred in the fall,

Florida is the dominant domestic producer of {resh tcmatoes in the
winter and spring. Roughly. 60% of the soring production is acccunted
for by F]ofidu, with South Carolina, California, and Texas accounting
for the majority of the remaining production. Slightly less than 25% of
total annual domestic tomato production occurrcd in the spring during
the 1970's. [Florida is the only comuercially significant domestic
producer of fresh winter tomatocs.

Annual vroduction has been at or around the 20 million cwt level

during the 197¢'s.  Annual production for 1979 was 22.4 million cwt,

dexican Supply [or Fxport and G5

‘lexico has been producing winter vegetables for export (primarily
tomatoes, bell peppers, cucumbers, and ceaoplant) since the 1230's.
lowever, it was not unitl the 1950's that production was Jeveloped on
a large scate. Rapid expansion of production occurred during the 1950's
ad 190075 Jue in large part to heavy investiment by the Mexican govern-

ment inoirrigation facilities in the states of Sonora mid Sinaloa (the



states lic south ol Nogales, Avizona, the major point of U.S. eatry for
Mexcian produce). In addition, the west coast highway was completed and
the railway connecting Coliacan, Sinaloa with Nopales was haproved. 1t

is perhaps ironic that the development of the vegetables industry on the
west coast of Mexico was also significantlj fostered by production

credit obtained from U.S. sources. Production credit from Mexican
sources was limited and available only at rather high interest rates.
Mexican ¢rowers obtained credit by affiliating.with producer-handlers

and brokers in the United States, who were repaid at the time the produce
was sold.

During the last twenty ycars, the Mexican producers have reportedly
acquired the highest technology in vegetable crop production as cvidenced
by their incrcaéing usage of fertilizers, insecticides, and modern
machinery (Iliginger, ct. al., and Simmons, et. al.). The growers have
also developed a high degrec of sophistication in the marketing of
tomatocs, with production, packing, and seclling being a closely integrated
opcration.

Beginning with the winter crop of 1960, the Mexicans have adhered
to a planncd supply program. A\ marketing board in asscciation with
CAADES (Confederation of Agricultural Associations of the State of
Sinalon) develop goals in terms of acrcage and expected production for
the entire tomato industry in Mexico. Goals arc established after
examining production capabilitics in Mexico, and the expected supply-
demand situations in the United States, Cmada, and the domestic markets,
Miximum acreages for cach producer are specificd, with acreage controls

enforceable under the penalty of law.  ‘The Tevel of exports through Nogales




are closcly monitored, and the level is restricted vhenever the price
falls below "acceptable levels” “that have been detemined and approved
by a gencral asscnbly of vegetable growers affitiated with CAULS,

The levels of fresh tomato exports to the United States by Hexico
has increased dramatically in the last twenty vears, from 2,5 million
hundredweight in 1960 to over 7 million hundredweight in 1979, The
large majority of ‘lexican exports to the U.S. occur in the wintor and

o

spring quarters, accounting for aporoximately 88% of exports to the U.S.

in 1979,

Canada's Role in the 'ndﬁstry
| As in the United States, tomatoes arc consumcd in Canada vear
round. On the other hand, commerically significant nroduction occurs in
Canada only dufing the summer quarter. (During the 1970's, production
has been at an average level of .7 million hundredweight.) Thus, Canadian
danand 1s satisficd by imports {rom the U.S. and iiexico in winter,
spring and fall, and satisfied by domestic production and imports in the
swaner.

A Canadian tariff on tomato imports is in cffect in and around tie
period of domestic harvost.i/ The tariff has been 1.5¢ (Canadian) per
pound; or 10 advalorum, whichever is greater. There is generally no

tarif{ apnlicd in the winter or spring quarters,

e e ——

d/.. . . -
u/lho exact dates of application can yvary from year to yeuar,
Application has ecenerally occurred in the suwmer and fall quarters.




Price Detemmination
Prices in the fresh tomato lndustry appear to be determiined competi-
tively through the forces of supply and demand (Simgons, et al.),
Vegetable buyers will attompt to purchase a given quality of produce at
the lowest delivered price. The buyers arc for the most part indifferent
regardina the source of supplics for a given quality of temato, Prices
vary in the market place depending on the quantity delivered and the
quantity expected to be sold.
The price received by domestic producers is cqual to the market
price minus transportation and marketing costs. The price reccived by
forcign producers additionally depends on the relevant exchange rates
and tariff.
Prices arc.influonced somewhat by the effect of the Federal marketing
order regulating Florida tomato handlers. .The order provides grade, |
size and maturity specifications that limit the handling of tomatocs and E
can affect suppiics available for market. In Addition, the aforementioned E
supply control strategics of the “lexican growers may significantly
affect market price in the winter and spring quarters.

I11. Model Structure an Estimntioq

In this scction, the specific structure of the simulation ioidel
used to analyze the U.S. Tomato Industry is discussed. Estimation
results for the behavioral cquations are presented and discussed,

The discussion begins with a general overview of the model structure,

Structural Mverview

The U.S.-Canadian market for fresh tomatoes is approxinated by

stiplifited set of six behavioral cquations and four identitics,  tirlet




outcones arc modeled on a quarterly basis for the four quarters of the
yveur, nnd‘ull time subscripts henceforth refor to quarters unless it is
snccifically stated otherwise.  Dehavioral cquations are estimated for
acres planted, acres harvested, yicld, U.S. domestic per canita demand,
Canadian domestic per capita demand, and lexican export supnly. Llentitics
are used to define U.S8. production, and cquilibrinm of auantity flows in
the U.S.-Canadian market, as well as to convert per capita domestic
quantitics domanded in the U.S. and Cannda to augreoate ricmands,

It should he notod that the #.S.-Canadian tomato market is considered
closed in the sense that supplies produced in the U.S. and Cinada, and
cxports to the U.S.-Canadian warket by “iexico arc totally consuned

within the U.S. and Canada. This is a simnlification in two respect

t

First o all, some exports to the U.S.-Canadian market originate in

countries other than ‘lexico (from the Caribbean). For the purposes cf

this study, all arc considered originating in “lexico as a practical g
matter, since the lexican origin accounts for greater than 95% ol the 5

exports.  Sccondly, a minor amount of cxports by the U.S. are shipped to
Parope.  However, 887 of the exports have gcenerally been to Canuda, anld
as a practical matter the minor destinations are ignored in the model.
.Figuxrc 1 illustrates the simplificd strocture ant lovic of the

tomato industyy model.  Arrows indicate causality, and thus if an arrow
1s pointed away frow a particular variable, that variable is consideredl
predeternined or exogenouns in the nodel.  Groups of vaviables comnected
by straight Fines are considered simultmeously deteriined,  Ixogenous
viriables that act as shitters in behavioral cquations are caitted form

Vipure 1.




Vieure 1. Siﬂplificd Structure of the Tomato Industry Yiodel
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with reference to the industry modeld,




U.S. Domestic Iroduction
The sub-model of .S, domestic production consists of three behavioral

cquations explaining acres planted, acres harvested, and yicld, and mn

identity that defines total production as the product of acres harvested

and yicld.

Acres Planted

The time that passes between %ocding and harvesting of {resh tomatoces
is three to four months. Thus, the acrecage planted decision must be
hased on information that is available well in advance of the time when
actual production, consumbtion and tomato prices are known to producers.

It is hypothesized that the most important f{actors influencing the
nunber of acres planted include the expected price of tomatoes at harvest
time, the risk of error associated with the price expectation, expected
yields per acre, the risk of error associated with the yield expectations,
and the costs of preoduction inputs. In addition time trends in each of
the quarters were used in an attempt to capture any secular trends
occuring in acreage planted that werc not represented by the aforementioned

explanatory variables. The acreage planted cquation utilized was:

(1) hl;Uﬂ(ﬁ% 11.0667 + 2.3458 (EPTOﬂt/CPDNt_l)

(65.05)  (1.206)

+ 0017855 EYIELDt - 23010 PRISKt
(2.29) (-.71)

- 11507 YR]SKt - L0373 TlHEt
(-.62) (-8.32)

+ 016132 (I)S!’t) 'i‘l.‘n-:t + 023012 () LRRNIN
(17.18) (20.30)

+ 0091820 (HrLl) T
(13.78) !
M

R™ = .‘.&(\)5 Estimation Method:  ObS




Variable Definitions:

a)
b)

d)

c)

f)

h)
i)
i)

APTOM = acres of tomatocs planted in quarter t.
lﬂﬂ(}% = expected price of tomatoes prevailing ut harvest time t

in ¢/1b., defined as
3 . 3 .
EPTOM, = & W DPTOM with 7 W' =1, and PTOM
t . . t
1=1 i=1]
is the price of tamitoes in quarter t in ¢/Ib. (w = .54309).

t-41°

CPDNt = proxy for price of production inputs, index of prices paid
by farmers for production inputs 1967 average = 100.
PRISK, = risk of error in the price cxpectation, defined in relative

terms as

3,
R SR 2.1/2,
PRISK, = (1=1 WHPTOM, coqy) ) CEPTON,

EYIELDt=expcctcd vield of tomatoes in quarter t, defined as a

-EPTOM

simple threc year moving average of yields for the quarter.

YRISKt = risk of error in the yield expectation, defined in relative

terms as YRIS}(L = STDYt/EYIELDt, where S’I‘D\.’t is a three

year moving standard deviation of yiclds for the quarter.

DSPt = spring dumny vaviable, = 1 if spring quarter, 0 otherwise.

1

DSM, = suwner durmy variable, = 1 if sumner quarter, 0 otherwise.

DFL, = {211 dwmy variable, = 1 if fall quarter, 7 otherwise.

TlMHt= a auarterly time trend defined as = 60 17 te(1, 2, 3, 4);
= 01 if te(5, 6, 7, 8Y; ...5 =78 if tc (75, 74, 75, 706).

Notc that the values in parentheses are the t values. ‘The choice

of the semi-logarithmic form of the model was motivated by the belief that

the change in the level of agugreeate acreage planted in response to

changes in the costs of production inpnts, price and vield expectations,




and risk levels should depend on the level of the agerepate operation
in a given quarter (e.g., the swmaer operation usually involves well
over four times the acreage planted in the winter, and it scems
unrcasonable to presune that a unit change in expected price would
incrcasc winter and summer planting by the same number of acres). The
specification results in the derivatives of APTOM with respect to
EPTOM/CPDN, PRISK, EYIELD, and YRISK being proportional to the level of
acreage planted, APTOM, . The price of vproduction inputs proxy, CPDXN, 45
was snecified in lagged form in an attempt to account for the fact that
production costs associatéd with output in t depends primarily on

input expenditures in t-1.

As a point of reference, elasticities of acres planted with respect
to the expectation and risk variables werce calculated at the mean level
of the data. The clasticity of APTOM with respect to EPTOM/CPIN was
found to be .227, for PRISK it was -.033, for EYIELD it was .258, and
for YRISK it was -.011. '

Acres larvested

The level of acres harvested is hypothesized to depend on the
actual price prevailing at the time of harvest, the cost of harvesting,
and the level of acres planted. In addition, a freeze in Texas in the
spring of 1960 mnd a scvere freeze in Plorida in the winter of 1977
affected the amount of acrcage harvestable.

It is also hypothesized that the short run supply clasticity of
tomiato production is inclastic with respect to price and with respect

to costs of harvesting which inplices that the clasticities of acres

pe—



harvested with respect to price and costs of harvesting are also in the
inclastic range (note that the clasticity of quantity supplicd is logically
the sun of the clasticities with respect to acres harvested and with
respect to yicld). The acres harvested cquation utilized was:

(2) 1In AHTOHt = 14652 In PTOM. - .13841 In CHARV

(1.86) Yoo t

+1.0245 In APTQU - .06 (TREEZE) 1n APION,
(80.35) (-11.20)
(3.97)

,

=312 o =.03 v=.998

XZ P T

Estimation llethod: 2S1S-llixed Istimation

Definitions of Variables Not Previously BDefined:

a) AIITO.\lt = acres harvested of tomatocs in quarter t.

b) CHARVt = cost of harvesting inputs, proxied by the index or prices
paid by farmers for hired farm labor, 19067 average = 100.

c) FREEZEt= dummy variable for freezes in 1560 spring quarter and 1977
winter quarter which seriousiy affccted volune of harvest
able acreage.

NMunbers in parcntheses arce ratios of the estimated coefficient to its

estimated standard error. The r refers to simple correlation between

the dependent variable and its prediction generated by cquation (2). The

Qp refers to the proportion of the posterior procision of the mixed

estimator that is accounted for by the prior information, which in this

case consisted of two stochastic constraints on the clasticites of

NITOM with respect to PTOY and CHXRV {sce Theil on the interpretation of

“p). The constraints were that the elasticites of NTIOT with respect

PEO: and with respect to GIARY were contained in the intervals [0, 1]



and |-1, 0], respectively, with probhability ,95 in cach casce.  Points in
the jntcrvul‘wcrc considered cqually likely, and thus o uniform distribution
was used in reference to the disturbance terms of the stochastic constraints,
Estimated probability valucs associated with the null hypotheses of
compatibility of cach stochastic constraint with the sample data resulted
in value of .239 and .235, respectively. The rather high probability
values lend a fair amount of suppo}t to the null hypothesis of compatibility
between sample and prior constraints (sce Mittclharmmer and lamnig for a
move detailed description of the mixed cstimator under the uniformly
distributed prior stochastic constraint assumption). The XZ valuc
associated with Theil's test of compatibility between sample and prior
information 1is presented for reference, although since the prior constraints
werc not assumed to be nomally distributed, the XZ distribution for
Theil's test statistic does not obtain. The XZ test would indicate
compatibility of sample and prior information at the standard .05 level.

The doublic log form of the relationship was chosen basically on 1ts
cmpirical merits. Being in double log form, the short run clasticitics
of AHTCM with respect to PIOM and CGIARV are represented directly by the
estimated coefficients .146 and -.138, respectively.

Yicld

There arce three major factors that ultimately affect the yicld
forthcoming {rom acres harvested.  THe initial decision concerning
seeding rates, and cultivation practices including fertilizing, application
or herbicides, and pruning and training represent the capital investment
in the production unit,  The forcpoing activities occur for the most

part prior to initial harvesting, and thus decisions recarding these



practices are based on expectations of market conditions Juring the
harvest period.

A sccond major factor determining vields is a decision revarding
the intensity of the harvest. Tomatoes must be harvested continually as
they mature, althouch as harvesting progresscs, yields per harvest
cventually decline. The actual price at harvest time and harvesting
-costs would scom to significantly.influonce the intensity of the harvest.

Finally, weather has a substantial effect on the petential yield
from harvested acrcage. The tomato is a warm-scason plant. The tomato
plant does best in modcrdtcly dry arecas with temperaturces ranging between
65° to 85° I. Plants are {rozen at temperatures less than 32° I, and o
not grow when temperaturcs are above 95° F. Foliage discasecs arc
induced by high temperatures coupled with high humidity.

The variables used to explain tomato vields include the cxpected
price of tomatoes, the risk of error in the price exnectation, the cost
of harvesting the crop (proxied as before by CHARV, the index of prices
paid for hired farm labor), and the past level of vield in the quarter.
In addition, winter freczes in Florida significantly rcduced yiclds in
1970 and 19577, and a Jdwmwmy variable representing these quarters was
included.  Also, exceptional weather conditions resulted in an extremely
large crop in the winter of 1975 (310 cwt per acre).  \ dummy variable
to account for this cxceptional phenorienon was also included in the
specification.  Finally, a spring quarter dwwny variable was useful in
mteraction with the past level of vield (summer and fall dueny variables

were also mitially utilized, but were found not to be siedificant),




Tt was also hypothesized that the short vun clasticities of yiceld

with respect to PTOM and CHARV would be inclastic, in heeping wita the

previous hypothesis that quantity supplicd in the short run is inclastic

with respect to these variables. The yield cquation utilized was:

(3)

In YIELD, = 2.1978 + .22575 In POV, - 47797 In CILRY,
(4.16)  (1.93) (-3.87)

+ 41213 1In EPTOM, - .053824 1n PRTSKt

(2.78) U -1.60)

+ (.69167 - .06739 FIARREZ, - 014018 DSP,) 1n YIELD, ,
(7.76)  (-5.10) (-1.98)

830y rs wixt

xZ = Loga o = .03 r = .919

P
Estimation Metnod: 25LS-Mixed Dstimation

Definitions of Variables Not Previously Defined:

a)
b)

YIELDt = vield per acre, in cwt./acre.
FLAFREZt= Florida Irecze, = 1 in winter quarters of 1970 and 1677,
= 0 clscvwhere.
D75WINT = dummy for exceptionally good weather resulting in heaviest
yiclds on record in winter of 1975, = 1 in winter of

1975, = 0 clsewhere.

As before, values in parentheses are ratios of coefficients to their

estimated standard crrors, r is the simple correlation between actual

and predicted values of the dependent variable, and Op is the proportion

of the posterior precision of the mixed estimator attributable to the

1or aformat i vhich consisted of two stochastic constraints o he
prior iaformation, whicl ted of two stochastic constraints on t

PITOE and CHARV clasticitios,  As bhefore, the elasticiticos woere constrained




to the intervals [0, 17 and [-1, 0], respectively, with prior probability
.95 derived from the uniform distribution.  The probability values
associated with the hypotheses of inelasticity were 295 and L0dd,
respectively, indicating ‘strong support for the hypothesis (again, sce
Mittelhimmer and Hammig for further details).

Since the yield cquation was specified in double logarithmic form,
clasticitics arc cqual to estimated cocfficients. The short run clasticity
of yicld with respect to PTOM was .226, with respect to CIARV it was -
479, -with respect to EPTOM it was .412, and with respect to PRISK it
was -.054. |

Quantity Supplied

Aggregate domestic quantity of fresh tomatoes supplicd is determined
by multiplyving acres harvested by yield, and is scaled to be in units of
millions of hundrcdweichts, as
(4) QSTOMUS, = (AITOM) (YTOM,) (- 000001)

Definition of Variables Not Previously Nefined:

QS'l‘O.\IUSt = quantity produced in the U.S., in millions of hundredweights.
The short run clasticities of aggregate quantity supplicd with
respect to PTOM, CHARV, EPTOM and PRISK arc {ound by swming the clasticitices

of ARV and YIELD with respect to the appropriate variable (e.g.,
(5QSTOMUS/ 5X) (X/QSTGMUS) = (OALARV/0X) (X/ANWRYY + (OYIELD/oX) (X/YIELD)),
and were cqual to (372, -.618, .412 ;md -.054, respectively.
Mexican Supply for xport

Ideally it would have been desirable to model the total production

of tomatees in Mexico in o given quarter, and then model guantity




allocated to the export market and the domestic market.  The data
available for Mexico allowed only a simplistic madeling of the amount
supplicd to the U.S.-Canadian market.

Given the behavior of CAMDES in determining dexican supply for
export (sce previous discussion of Mcxicnn'supply for cxport and CAADLS)
it was hypothesized that the quantity of tomatoes exported to the U.S.-
Canadian market would depend on the previous export level in the quarter
(representing previous excess demand in the U.S.-Canadian “hirket met by
Mexican supplies), the previous evel of price received by Mexican
growers supplying the U.S.-Canadian market in the quarter, and the price
reccived by Mexican growers at the time of harvest. The {irst two
variables peftain to information relevant for the setting of goals for
production. The third variable is relevant for decisions regarding what
percentage of supplies available is to be diverted to the export market.
Prices were deflated by an index of prices paid to farmers for commodities
sold in Mexico City in order to place the price relative to prices of
other famm comroditics sold by Mexican growers, and therechy proxy the
"acceptable price' phenomenon utilized in decisions concerning level of
exports (sce previous discussion of Mexican supply for export). A dumy
variable shift for the swmer and {all quarter was found to be uscful,
vhich differentiated between the quarters of greatest “exican comparative
advantage (winter-spring) and lcast advantage (swmer-fall). The final

cquation utilized was:




(3) In MEXKNPL = 1.3060 - 1.1752/P'\NX

(1.06)  (-3.64)

+ ,58058 In ;mmt_d + 4005 1n HEXMXPt_4
(1.98) (5.94)
-1.2574 'Ds,\nrl.t
(-5.11)
r = ,959 Fstimation nethod: 2SLS

Definitions of Variables not Previously Defined:

i

a)  MEXEXP, = the level of lexican exports to the U.S.-Canadian tlirket,
in million cwt.

b) PMX

t = the relative Mexican price, defined as
PMX, = (PTOM, - USTARIFF,)ENCHRATE ™ : MXPPIND, .
Where:
USTARIFFt = the most favored nation U.S. tarif{ ratc on
tomatoes in quarter t, in ¢/1b.
EXCHRATT, S\ = cxchange rate PESOS/U.S. DOLLARS.
MPPIND, = prices paid to farmers for cormodities sold,

Mexico City, 1970 = 100. Notc, this is an annual
index that could not be obtained on a quarterly
basis. [ach quarter was assigned the appropriate
annual value of the index.
c) DSHFLt = summer-fall dwy variables, = 1 in sumner and f{all
quarters, = 0 clscwhere.
As before, numbers in parentheses are ratios of cocfficients to their
estimated errors and v is the simple correlation between predicted and
actual values of the dependent variable.,  Note that the functional form

15 double Toparithmic except for the inclusion of the recipricol ot the




relative Moxican price, and the suwner-fall dues variable. Intering o
dumay variable in this way allows a shift in the entire surface mplicd
by (5), and in fact the shift is estimated to be downward in the suwner-
fall quarters. The usce of the recipricol of PWXt in cquation (5) tmplies
the notion of an asymptotic level for the response surface, i.c., as
I?Kt increases, the functional form would be consistent with the notion
that all of what was planncd to be exported to the U.S.-Canadian market
1s in fact exported (see Johnston, Chapter two, for additional dctails
on this {functional form).

The short run Clnstiﬁity with respect to lagged relative Mexican
price was cstimntod to be .581. The short run elasticity with respect
to the current relative lexican price was cstimated to be (981 at the
mean level of the data.

Demand in the U.S.-Canadian Market

U.S. Domestic Deomand

A rather simplistic view of the donmestic aemand for {resh tomatoes
,

was taken in specifying the behavioral cquation. It was hypothesizead
that the domestic percapita doemand for tomatoes at the farm level was a
function of the price of tomutoes, per capita disposable income, and
tastes and habits. The prices of all other goods were proxicd by the
consteer price index; which wvas used to detflate the price of tomatoes
and por capita disposable income.  Tastes and habits were represented by
including values of por capita constmption lageed one, .lhl\, and three
years i the cquation,

Three stochastie prior constratnts were wred in estinstine the




demnd cquation. 1t was hypothesized that the elasticity of deriand with
respect to price and with vespect to income would be in the inclastic
range.  The mean level price clasticity and the wmean level income clasticity
were constrained to be in the intervals [-1, 0] and [0, 1]; respectively,
with .95 probability. The unlform distribution was utilized f{or the
crror terms of these stochastic constraints. In addition, Shiller's
method was used to impose the hypoth°§1< of smoothing declining weights
on successive lags of per capita consumption which was included in the
equation to proxy tastes and habits. The rationale and method for
deriving the stochastic constraint for imposition of Shiller's methed is
1dcnt1cal to the onc used by llammig and Mittelhammer, and is not repeated
here. It shauld be noted, however, that in the casc at hand, the wniform
distribution again was utilized for the disturbnncc term of the stochastic
constraint (and not the normal distribution, as was used by flamig and
xittelhammer).

The {inal cquation utiliced was:

(6) QDTOT-IUSt/POI’USt = .0022641 -.00019959 PTOM /CPH
(.89) (-2.03)

+ .0022453 I\CUS/(CPIU% . POPUSt) + .47619 QWTOfUS /
(2.68) (1.8%)

POPUS, , + .27027 QDIOMUS,  /POPUS, o + 14316 QDTONUS, ./
t- 3.00) t-8 :

LS B8 49) el
HYIY S
POPUS,
2 _ _
x© = 2.48 o = .08 r = 088

Estimation Yethod:  2S1S-Mixed Lstimation




hefinitions of Variables Not Previoustv Defined

agorcgate domestic quantity domanded in the U.S., in

a) QOIS

ntllions of cwts.,

b) Porus, population of the U.S., in millions.

c) CI’IUSt consuncr price index in the U.S., 19067 average = 1.00,

d) II\'CUSt agareeate disposable income in the U.S., in billions
of dollars, scasonAl]y adjusted annual rates.

Numbers in parentheses, XZ’ 9,5 and r arc as they were defined
carlicr. The probability values associated with the hypotheses of
inclasticity with rcspocf to price and income werc .301 and .383, respectively,
lending significant support to the hypotheses. The hynothesis of
smoothly declining weights on the lageed per capita cdnsumption variables
imposed by Shiller's method had a probability value of .672, lending
strong support to the hypothesis. As a point of refercnce, Theil's
xz—tost of compatibility would indicate compatibility of sample and
prior information at the .05 level.

Pricc and income elasticities were calculated at the mean level of
the data.  They were found to be -.181 and .219, respectively. Agercugate
domestic quantity deminded was found by multiplvine the dependent variable
in (6) by POPHSI.

Canndian Pomand

The specification of the Canadian per capita demand curve wuas
stmilar to the demand curve for the U.S. lHowever, only per capita
constinption lageced four quarters was included in the equation to vepresent

tastes and habits since quantity lageed cicht and tuelve quarters Jid

not prove to be usetal,




Similar to the demand in the U.S., 11 was hypothesized that both
the price and the .i,ncomc clasticitics would be in the inclastic range.
Mcan level clasticities with respect to price and income were constraincd
to be in the range [-1, 0] and [0, 1] with probability .95. As before,
the disturbance terms of the stochastic constraints were generated from
uniform prior distributions.

The final cquation utilized was:

(7) QDTOI\ICL’\Nt/POPC,\Nt .0012331 -.030000 PC’\Nt/CPIC\N
(.42) (-1.58)

-+ .8088 INCCAN /(CPIG\\‘ . POPQ\Nt)

(1.82)

+ 91765 QDTOMGAN, _,/POPCAN, _,
(30.49)

=332 o_=.03 r=.365

P
Estimation Method: 251S-llixed Estimation.

Definitions of Variables not Previously Defined:

fl

a) QDTO.\ICA\It aggregate Canadian demand for.tomatoes, in millions

of cwts.
b) POPCAN, = populution of Canada in millions.
c) PC!\Nt = Canadian price of tomatocs, defined as
N = : CANY _ pony
I’CAI\.‘t = (I"TO.\It FEXCH R,\'I'I."Ub ) - CA u\I]I

where
CANTARIFE, = the Canadian Tarif{ on imports of fresh

tomatocs, in ¢/1b. (Canadian)

LAN_

EXCHRATE s

the Cimadian/U.S. exchance rate in §

Canndian/$ U.S.




d) CPICAN, = Canadian consumer price index, with 1971 AUG = 100.

I

¢ INCCAN, Quarterly Canadian disposable income, in billions of

dollars (Cnadian).
2

Numbers in parcentheses, y°, 0 and r arc as previously defined.  The

P

probability values associated with the hypotheses of inclasticity with
regard to the price and income clasticities were .191 and .200, respectively,
indicating a fair amount of supporf for the hypotheses., As a point of
reference, Theil's XZ test would imply compatibility of sample and prior
information at the .05 lcvel.

Price and income clasticities were calculated at the mean level of
the data. They were found to be -.104 and .150, respectively.

Aggrcgufc quantity demanded in Canada was found by multiplying the
dependent vnriﬁb]c in (7) by POPCAN.

Equilibrium of Quantity Flow

An identity was used to define equilibrium between total quantity
supplied and totul quantity demanded in the U.S.-Canadian market, as
{ollows;

(8) QDTO.\IUSt + QUTOHCANt = QSlOMUSt + QSlUHCANt + HEXEXPt

1V. Model Simulation

Coodness of Fit

The set of six behaviorul cquations and four identitics was solved
simultancously using the Gauss-Scidel iterative method for solving sets
of nonlincar and lincar cquations.  Tho model was evaluated in temms of
1ts perfomance in generating one-step ahead (shert-run) predictions and

I openerating a fone run sories of pradictions during the 1060-1978




APTOM
AHTCH
YIELD
QSTOMUS
MEXEXP
QDTOMUS
QDTOMCAN
PTOM

APTOM
AETOM
YIELD
QSTOMUS
MEXEXP
QDTOMUS
QDTOMCAN
PTOM

Table 1. Goodness of Tit Measures in Simulation, 'ho0-10/0.

Mean Percent

lcan Absolute

Error Percent Error
-.663 8.555
-.958 8.167
-.625 6.865
-1.137 8.229
-16.975 40.854
-.083 6.377
-.437 9.741
-2.618 14.233

Mean Percent
Error

-1.163
-1.344
-1.607
-2.596
-13.890
-1.100
1.734
-1.363

ean Absolute
Percent Error

Long Run Predictive Performance2

9

11

.153
8.
8.
.201
39.
10.

8.
12.

696
882

633
015
830
771

.. ]
Short Run Predictive Performance

Y vs. Y-FAT Theil U
Correlation  Statistic
.980 210
902 1984
.924 L4306
979 .205
.957 332
.957 .308
.963 .208
.880 1.225
Y vs. Y-HAT Theil U
Correlation Statistic
.980 21
.08 .203
.63 .507
.961 .287
.951 .357
.699 445
.968 217
910 1.067

1/ so1utions obtained by utilizing actual historical data on all lagged

endogenous and exogenous variables.

2 . e R . o
~/So]ut1ons cbtained by utilizing actual historicai data on exuaenous
variables, and internally generated values for lagged endogenous variables.




period.  In the latter cvaluatiocn, actual historical valucs of cxogenous
variables are uscd, but only the initial solution (first quarter, 1960)
utilizes actual historical values [or lageed cndogenous variables.  All
remaining solutions (predictions) use the appropriate solution (prediction)
valucs for lagged endogenous variables generated internally by the

model.

Table 1 presents measures of goodness of fit for the short run and
long run cvaluations. It should be noted that the rather large mean
absolute precent crror in predicting Mexican cxports is primarily duc to
1arge rclative errors in predicting the summer and fall quarters. As a
practical matter, the errors in these quarters, though large rclative to
the actual level of cxports, amount to very little in nominzl temms.
[xports in winter and spring are for the most part in the 1.5 to 4
million cwt. range. In swmmer and fall, cxports arc generally much less
than .4 million cwt.

It should be noted that for the purposes of simulation under altern-
ative scnarios, the long run predictive performance of the model is most
relevant in assessing goodness of fit.

Simulation Under Alternative Tari{{ Structurecs

In this section two alternative U.S5. Tariff structures are compared
with the actual historical situation during the winter quarters of 1960-
1978 (the simulation of the actual historical situation during this
period will henceforth be denoted as the baseline solution). In one
alternative, the U.S. Tariff is climinated entirely, with all else being

as it was in history. In the other alternative, the LS, Tariff is deublec



as compared to its historical values. Discussion of all simulations is
concentrated in the winter quarter. In order to cxpedite the discussion,
only the cffects on U.S. quantity supplied, U.S. quantity demanded, U.S.
price, and acrcage planted are specifically examined.

Acrcage Planted

As cxpected, when the tariff is climinated, acreage planted in the
winter is reduced rclative to the baseline as more Mexican imports enter
the market. However, the magnitude of the reduction is somewhat less
than startling. The reduction ir total winter acreage planted over the
full 19 year period of simulation is estimated to be 6.9%.

On the other hand, when the U.S. Tariff is doubled and protecticn
of domestic growers from Mexican competition is increased, acreage
planted increases. However, the magnitude of the increase is again not
large, being 5.1% in aggregate over the 19 year period of simulation.

Time paths of the simulated values of acrcage planted under the
alternative tariff structures are illustrated in graph 1.

U.S. Quantity Supplicd

U.S. quantity supplicd is significantly affected by changes in the
tariff structurc in the winter quarter. [Elimination of the tariff
results in a 23.8% reduction in aggregate quantity supplied in the
winter. Doubling of the tariff increases winter quantity supplied by
19.65%.

Time paths of the simulated values of quantity suppliced under the

alternative tariff structures arc illustrated in graph 2.
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U.S. Quantity Demanded

The U.S. quantity demanded of fresh tomatoes is moderately affected
by changes in the tarif{ structure. Elimination of the tariff increascs
aggregate quantity demanded over the 19 year period by 9.2% in the
winter. Doubling the tarif{ depresses ageregate quantity demonded by
8.4% in the winter.

Time paths for simulatcd quantities demanded over the historical
period under the various tariff structures are given in graph 3,

U.S. Tomato Price

The U.S. tomato price appears to be moderately affected by changes
in the tariff structurc. Comparing simple averages of prices during the
historical period, it was found that the elimination of the tariff
reduces averagc‘tomato prices by 6.0% in the winter quarters. A
doubling of the tariff increases the average price by 5.6% in the winter

quarters.

Weighted average real (deflated by CPI) demand prices and supply
prices were also calculated for the historical peried 1960-1978. The
directicn and magnitudes of the changes in the weighted average prices
parallels the changes in the simple average price. The percentage
changes arc displayed as part of table 2.

Graph 4 depicts the time paths for the simulation values of prices
mder the alternative tariff structures.

Simulation Swwynary

Table 2 provides a sumeary of the aforementioned changes induced by

changes in Hexican supply behavior due to variations in the tariff

St it s wombm et 1 e et~




T

ra

Lt B TR I B B

s
e

-

oy




‘e ~ [ |
. AI/ - |
SN | ! i
S T H SR QUN NI R
. ’
) : ) :

' e
i S o
. ; —
. ) H - .
. Co . ! “ .
' - s
! ! ' '
L } ‘ . -
. . G A4
t L e e
e S e e
s o e -
' i N
o . . .
‘ Y = -- : : i
- B G [ ! O I .
[P 56 Ubslio N [ H
o “ AERRTN B - -
. T T N . .
I I N o -
. . 1 - —
! : toony .
- UL e I
] .
e et g IS e
B S S PP [ B
_> R S S, Ll - -
— )} - SO0 FE, [ SO !
- o ;
St VUSROS I U L
S OOV SV R RIS DR I
- I e RN IS SN
i B !,'4,1'“!.7 Boares e PR U PR
| S SSUUPIUUOUNY S S S PO I S, UL S
B SRR DR . DU ST NS
{ . : )
. > " T
(. . S _LIT? K T AR S R .
= ' ] ! 7
. — - —_ - xl"‘!,er|‘1|l'»\l~vl. B Ry e i e - e ] - e ——
i e e et . . [RPUIPURS JURS RSO,
e AT e e b i :,_I. i et

lema et

o
et g e

cedscand




structurc. The largest percentagce changes under the alternative tariff
structures occur in 4.5, dunntity supplicd, which tends to supportA
somewhat the contention by donestic crowers that Moxican competition is
substantial in the winter quarters, and that the tariff provides considerable
protection for the domestic producers. There is a moderate price to be
paid by domestic consumers for protection of domestic production.
Elimination of the tariff would iﬁcreasc sMexican imports resulting in a
moderate decline in prices (as judged by the simple and weighted average
of prices over the period) and a moderate increase in aggregate quantity
consumed. Thus therec is é noteworthy penalty to consumers in terms of
prices paid and quantity consuscd for maintaining the tariff structure.

The time paths of the simulated values of acres planted and especially
of domestic quantity supplicd indicate what may be interpreted by Florida
producers to bc a rather disturbing situation. The tariff has becone
substantially less cffective as a mechanism for protecting the Florida ;
producer from Mexican competition. Focussing on quantity supplied and on E
graph #2, it is scen that in the mid 1960's (1965) the presence of the
tariff resulted in an increasc in domestic supply of almost 50% over
vhat it would have been in the abscence of a tariff. tHowever, by 1978,
the presence of the tarif{{ increased domestic production by only 12%
over what 1t would have been with no tariff. Tt should be noted that
a principal cause of this decline in effective protection is the fact
that the tariff, 4uotcd in ¢/1b., has not been altered from its fixed
values of 1.5¢ in Jannary mi February and 2.1¢ in Mtirch since 1960

(1t was 3¢ in all quarters of the vear in 1006, 1001, and 1960-1962).




I

Table 2. Sunmary of Agpregate Changes from Bascline for Sclected
Simulated Variables, 1960-1978 Winter (arters.,

Tari{{ Bliminated Tarif{ Doubled
Acres Planted 6.9%+ 5.1%
U.S. Quantity Supplicd 23.8%y 19.06G+
U.S. Quantity Demandegd 9.2%4 8.4%¢
AVG U.S. Tomato Pricet b/ 6.05¢ 5.6%+
Wt. AVG Real Demand Pricer 6.2% 5.7%¢4
Wt. AVG Real Supply Price™ 5.9%+ 6.0%+

a/. . . .
—/Ihe average U.S. Tomato price is a simple average of 19 quarters.

E/U.S. Quantity demandcd-weighted average of price deflated by
consuner price index for appropriate quarters in 1960-1978.

E/U.S. Quantity supplied-weighted average of price deflated by
consumer price index for appropriate quarters in 196G-1978.




Thus, rclative to the price of tomatoes, the fnriff has become less
important as a cost item in the marketing of Mexican tomatocs,  Graph

2 indicates that cven a doubling of the tariff structurc results in only
a 22% incrcasc in production over a no-tariff{ situation, or less than
half the % protcction indicated under the historical tariff in the mid
1960's.

Ultimately, the advisability of maintaining or altering the tariff
structurc depends on valucs placed on the protection of the Florida
producers, the welfare of the consumer, and the maintenance of good
economic and political rclations with Mexico - an argument which will
not be examined in this paper. It is sufficient to note that judging
by simulationé under alternative tariff structures, Mexican competition

is formidable, but manipulatable.
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