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· The tomato (Lycopersicon esculentum) is I member of the nightshade 

family, and is a native of the United States' southern neighbors in 

trop1ca1 America. The tomato had reported1y taken a circular route to 

introduction into the United States, f1rst having trave1ed from Peru to 

Italy, then from Italy to Northern Europe, and then finally from Europe 

to the United State• in 1781, By 1836 tht tomato wai widely cultivated 

for culinary purpose, 1n the U.S. In the ,ate 1;a0 1 1 ind in the 1970 1s, 
there has been increasing concern by United States producers th1t the 

tomato is completing its circular journey by leaving the United States 

and heading south for the winter (and early spring), The Mexican share 

of the United States' Market for fresh winter and early spring tomatoes 

has recently climbed to greater than 50%, compared to 30-35% in ~he 

early 1960's. The increase in market ~hare was attained at the expense 

of Florida producers, who are the only com,m~rcially significant dgmestic 

suppliers of fresh winter and early spring tomatoes. 

Import duties are in effect t~roughout the year in the United 

States with the intent to protect domestic producers of tomatoes from 

excessive foreign competition. The tariff has varied seasonally, the 

highest rate ~cturing in March through July 14 (2.1¢/lb.), with a lower 

rate applying at other times (l . 5¢/1 b.) }J The genera 1 consensus is 

l!Much of the discussion concerning the role of Mexico in the U.S. 
Tomato Market was distilled from Fliginger, et. al.; Simmons, et. al; 
and Goldberg. The origin and historical points of interest concerning 
the tomato were taken from Ware and McCollum. 

YTariff Schedules of the United States, U.S. Tariff Commission, 
various issues. 
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that the tariffs provide considerable protection for U.S. producer~, and 

that elimination of tariffs would cause a substantial reduction in 

: domestic production and a concomitant s1gnficant rise in imports, The 

Agricultural Act of 1956 provides the authorization far estab1i&h1ng 

quotas on imports when economic conditions ar1 judged to warrant such 

restrictions. No quotas have ever been instituted regarding-tomato 

imports, 

The purpose of this paper is to qu~ntitat1ve1y examine th~ Mex1can 
' 

influence on the U.S. tomato industry using an economatric simulation 

model of the industry. The tomato model used is part of a larger U.S.O.A. 

study to develop quarterly market models for a selected set of fresh 

salad vegetables. The model is a firsi generation model that is to be 

further refined along the lines suggested in the final section of this 

paper. The specific simulations involve manipulations Jf !he tariff 

schedules and the use of import quota? to form various scenarios for the 

1960-1978 p~riod. The effects of the varioys scenarios on prices and 

quantities in the tomato market ate examined, and the Mexican influence 
' on the market is assessed in light of the simulation results. 

A secondary objective of the study is methodological. Th~ use of 

mixed estimation with uniformly distributed stochastic prior constraints 

on parameters was utilized for the first time in this analysis. The 

utility of the uniform distribution in this context and the interpretation 

of the mixed estimator are briefly examined. 

II. Elements of Industry Structure 

In this section, a brief description of some salient characteristics 

of the U.S. production base, the Mexican supply for export, the supply 

., 
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and demand situation in Canada, and the method of price determination in 

the tomato industry is presented. Some additional details of direct 

relevance to modal specification are presented 1n the next section. 

U.S. Production Base ------·~·~~ 
Tomato production occur, 1n the United States during all Quarters 

of the year .Y Oornesti c production is most ~,ograpni ca 11y di$persed 1 n 

.the summer, with comrnerc1a11y significant production occurring in over 

twenty ,tates, The dominant producer in the summer h Ca,lifornia, / 

typica11y supplying 40-50% of the summer tonnage. Our1ng the 1970 1s, 
' ' 

generally 40% or more of the total annual domestic production of tomatoes 

occurred dur~ng the summer months. 

Domestic production becomes more geographically concentrated in the 

spring and fall. In the fall, California and Florida are the dominant 

producers. The two states accounted .. for virtually ail of the fresh fall 

tomato production during the 1970's~ with roughly 50% of the tonnage 

attributable to each state. Slighily over 20% of total annual ~omestic 

tomato production occurred in the fall. 
/ 

Florida is the dominant domestic producer of fresh tomatoes in the ~ 

winter and spring. Roughly 60% of the spring production is accounted 

for by Florida, with South Carolina, California, and Texas accounting 

for the majority of the remaining production. Slightly less than 25% of 

total annual domestic tomato production occurred in the spring during 

the 1970 1s. Florida is the only commercially significant domestic 

producer of fresh winter tomatoes. 

llrn referring to quarters of the year, standard U.S.D.A. definitions 
were used, namely winter~ January-March, Spring~ April-June, summer e 

July-September, and fall = October-December. 
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Annual production has been at or around the 20 million cwt 1evel 

during the 1970 1 s. Annual production for 1979 was 22,4 million ewt. 

Mex i c t}_Y)_j.YJ?.PJ..Y.,..,,.t2,r, Jt)ip.,.OJ:,Ltt,'1.,( CA~P,JJ. 

Mexico has been producing winter vegetable& for export (primarily 

tomatoes, be11 peppers, cucumbers, and eggplant) since the 1930 1s, 

However, it was not until th@ 1950's that production w11 developed Pn e 

large se&le. Rapid expans1an of product1an occurred dur1ng the 1950'& 

and 1960's due in large part to h~avy inve~tment by thfl Me,xican govern .. 'v 

ment in irrigation facilities in the states of Sonora and Sinaloa (the 

states lie south of Nogales, Arizona, the major point of U.S. entry for 

Mexcian produce). In addition, the west coast highway was completed and 

the railway connecting Culiacan, Si_naloa with Nogales was improved. It 

is perhaps ironic that the development of the vegetables industry on the 

west coast of Mexico was also signific~ntly fostered by production 

credit obtained from U.S. sources. P~oduction credit from Mexican 
' sources was limited and available only at rather high interest rates. 

Mexican growers obtained credit by affiliating with producer-handlers 
. I 

and brokers in the United States, ~ho were repaid at the time the produce 

was sold. 

During the last twenty years, the Mexican producers have reportedly 

acquired the highest technology in vegetable crop production as evidenced 

by their increasing usage of fertilizers, insecticides, and modern 

machinery (Fliginger, et. al., and Simmons, et. al.}. The growers have 

also developed a high degree of sophi~tication in the marketing of 

tomatoes, with production, packing, and selling being a closely integrated 

operation. 
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Beg1nning with the winter crop of 19GO, the Mexicans have g,dh(!rtd 

to a planned supply pro9ram, A marketing board in association with 

CAADES (Confederation of Agricultural Associations of the State of 

S1naloa) develop goa1s in terms of acreage and expected production for 

the entire tomato industry in Mexico, Goah are estabHshed after 

examining production capab111t1e1 1n Mexico, Dnd the txpectad supp1y~ 

de~and 11tuat1ons fn tha Un1t1d States, Canod~. ind the domestic fflijrkets, 

Maxi~um acreages for 1ach productr ire spec1f1ad, with •t~eage ~ontrol§ 

enforceable under the penalty of 1aw, The 1,vel of exports through 

Noga1es are closely monitored, and the level is restricted whenever the 

price falls below 11 acceptable levels'' that have been determined and 

approved by a general assembly of vegetable growers affiliated with 

CAADES. 

The levels qf fresh tomato exports to the United States by Mexic.o 
. t < '. 

has increased dramatically in the last twenty years, from 2.5 million 

hundredweight in _1960 to over 7 million hundred~eight in 1979. The 

large majprity of Mexican exports t6 the U.S. occur in the winter and 

spring quarters, ~ccounting for approximately 88% of exports to the U.S. 

in 1979. 

Canad~ 1 s Rol~ in the Industry 

As in the United States, tomatoes are consumed in Canada year 

round. On the other hand, commerically significant production occurs in 

Canada only during the summer quarter. (During the l970's, production 

has been at an average level of .7 million hundredweight.) Thus, Canadian 

demand is satisfied by imports from the U.S. o.nd Mexico in winter, 

spring and fall, and satisfied by domestic production and imports in the 

summer. 
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A Canadian tariff on tomato imports is in effect in and around the 

period of domestic harvest.1/ The tariff has been 1.5¢ {Canadian) per 

pound, or 10% advalorum, whichever is greater, There is generally no 

tariff applied in the winter or spr1ng quarters. 

Price_Oetermina~ 

Prices in the fresh tomato industry appetr to be determined compet1t1ve1y 

through the forces of supply and demand (Simmons, et. al,), Vegetab1e 

buyers wi11 attempt to purcha1~ a given quality of produce at the lowest 
' 

delivered price. The buyers are for the most part indifferent regarding 

the source of supplies for a given quality of tomato. Prices vary in 

the market place depending on the quantity delivered and the quantity 

expected to be sold. 

The price received by domestic prod~cers is equal to the market 

price mi.nus transportation and marketing costs. The price received by 

foreign producers additionally depend~ on the relevant exchange rates 

and tariff. 

Prices are influenced somewhat 'by the effect of the Federal )Tlarketing 

order regulating Florida tomato handlers. The order provides grade, 
. . 

size and maturity specifications that limit the handling of tomatoes and 

c~n affect supplies available for market. In addition, the aforementioned 

supply control strategies of the Mexican growers may significantly 

affect market price in the winter and spring quarters. 

III. Model Structure an Estimation 

In this section, the specific structure of the simulation model 

• used to analyze the U.S. Tomato Industry is discussed. Estimation 

ii The exact dates of application·can vary from year to year. 
Application has generally occurred in the summer and fall quarters. 
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results for the behavioral equations are presented qnd discussed. 

The discussion be9ins with a general overview of the model structure, 

Structural Overview 

The U.S,"Canad1an market for fresh tomatoes is 6pproximated by a 

simplified set of six behavioral equations and four identities, Market 

outcQmes are modeled on a quarterly basis for the four quarters of the 

year, and a11 time eubscr1ptt henceforth ref~r to quarter$ un1es$ 1t is 

specifically stated otherwite. Behavioral equ~tions ~re estim~ted for 

acres planted, acres harvested, yield, U.S. dpmestiG p~r capit~ demand, 

Canadian domestic per capita demand, and Mexican export supply. Identities 

are used to define U.S. production, and equilibrium of quantity flows in 

the U.S.-Canadion market, as well as to convert per capita domestic 

quantities demanded in the U.S. and Canada to aggregate demands. 

It.should be noted that the U.S.~Canadian tomato market is considered 

closed in the sense that supplies produced in the U.S. and Canada, and 

exports to the U.S.-Canadian market by Mexico are totally consumed 
' within the U.S. and Canada. This is a simplification in two respects. 

/ 

First of all, some exports to the U.S."Canadian market originate in 

countries other than Mexico (from the Caribbean). For the purposes of 

this study, all are considered originating in Mexico as a practical 

matter, since the Mexican origin accounts for greater than 95% of the 

exports. Second1y, a minor amount of exports by the U.S. are sh.ipped to 

Europe. However, 98% of the exports have generally been to Canada, and 

as a practical matter the minor destinations are ignored in the model. 

figure 1 illustrates the simplified structure and logic of the 

tomato industry model. Arrows indicate causality, and thus if an arrow 
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1s pointed away from a particular vari~b1e, that variable is considered 

predetermined or exogenous in the model. Groups of variables connected 

~ by straight lines are considered simultaneously determined. Exogenous 

variables that act as shifters in behavicyra1 equations are omitted from 

Figure 1. 

U.S. Domestic Produetion 
-'----,.._,;..~~,''.':'}.!'"-~~-

The sub-model of U.S. domestic production consists of thrije behavioral 

equations explaining acrei planted, acre1 h1rvested, and yield, and an 

identity that defines tota 1 production a.s the product of acres harvested 

and yield. 

Acres Planted 

The time that passes between seeding and harvesting of fresh tomatoes 

is three to four months. Thus, the acreage planted decision must be 

based on information that is available well in advance of the time when 

actual production, consumption and tomato prices are known to producers. 

It is hypothesized that the mo~t important factors influencing the 

·number of acres planted include the expected price of tomatoes at harvest 

times the risk of error associated with the price expectation, expected 

yields per acr~, the risk of error associated with the yield expectations, 

and the costs of production 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 were not represented by the aforementioned 

explanatory variables. The acreage planted equation utilized was: 
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Acres Planted 

.L 
Acres ilarv~sted 

Canadian Production 

Canadian Domestic 
Demanu. 

1 I 
U.S. Quantity 

Produced 

·---

__ U.S. ·Price ________ -I 
erived Canadian and j 
Mexican Price 

Total Demand 

lJ. S . - Canada 

...... _ 
Yield I 

. 

U.S. Domestic 
Demand 

NOTE: A straight line inLlicates simultaneity, :in arrow inu.icates causality 
with reference to the industry motlcl. 
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(1) 1n APTOMt =i Us~~~,+ ~;:i~~ {EPTO~\/CPDNt .. ,, 

~ .0017833 EVIELDt - ,23016 P~ISKt 
(2.29) (-.71} 

~ .11507 YRISKt .. ,0373 TIME.t 
( .. ,62) '"8,32) 

+ ,016132 (DSPt) TtMEt + .023U11 (DSMt) TIMEt 
(17.18} · (?!0,30) 

+ ,0091826 {DFLt) TIMEt 
(13, 78) 

2 . 
R ;; ,965 Estimation Method; OLS 

Variable Definitions: 

a) APTOMt = acres of tomatoes planted in quarter t. . ' 

b) EPTOMt = ·expected price of tomatoes. prevailing at harvest time t 

in ¢/lb., defined as 
3 i 3 . 

EPTOMt = E W PTOMt 4'' with E W1 = 1, and PTOMt 
. 1 - 1 • 1 1= 1= 

is the price of tomatoes in quarter tin ¢/lb. (w = .54369). 

c) CPDP!t = pro_xy for price of pro?uction inpu.ts, index of prices paid 

by farmers for production inputs 1967 average= 100'. 

d) PRISKt= risk of error in the,~rice expeGtation, defined in relative 

terms as 
3 i 2 l /2 PRISKt = (1~1 W (PTOMt-4i-EPTOMt_41 ) ) /EPTOMt 

e) EYIELDt=expected yield of tomatoes in quarter t, defined as a 

simple three year moving average of yields for the quarter. 

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

terms as YRISKt = STDYt/EYIELDt, where STDYt is a three 

year movtng standard deviation of yields for the quarter. 



l , 

I.. 

g) DSPt = spring dummy variable,::: 1 if spring quarter, 0 otherwise, 

h) DSMt = summer dummy variable, :1 1 if summer quarter, O otherwise, 

i) DFLt = fall dummy variable, = 1 if fa11 quarter, 0 otherwiie, 

j) TIMEt = a quarter1y tim~ trend defined AS~ 60 1f tc(l. 2, j, 4); 

::: 61 1f tc(5, 6, 7, 8); •.• , = 78 if h(73, 74, 75, 76) ~ 

Note that the values in parentheses ~re thi t values. Th@ ~hoice 

oft.he semi-1g9ar1thm1c form ef the mode1 was motivat~d by the belief that 

the change in the level of aggregate acreage pl~nted in response to 

changes 1n the costs of production inputs, price and yield expectations, 

and risk levels should depend on the level of the aggregate operation 

in a given qu~rter (e.g., the summer operation usually involves well 

over four times the acreage planted in the winter, and it seems 

unreasonable to presume that a unit change in expected price woylp 

increase winter and summer planting by the same number of acres). The 

specification results in the derivatives of APTOM with resp§~t to 
I 

EPTOM/CPDN, PRISK, EYIELD, and YRISK being proportional tp the level of 

acreage planted, APTOMt. The pric,e of production inputs proxy, CPDNt-l' 

was specified in lagged form in an attempt to account for the fact that 

production costs associated with output int 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 were calculated at the mean level 

of the data. The elasticity of APTOM with respect to EPTOM/CPDN was 

found to be .227. for PRISK it was -.033, for EYIELD it was .258, and 

for YRISK it was ~.011. 
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Ac.res Ha r:..ves ted 

1 The 1eve1 of acres harvested is hypothesized to depend on the 

actual price prevai1ing at the time of harvest, the costs of harvest1ng, 

and the level of acres planted, In addition, a freeze in Texas in the 

spring of 1960 and a severe freeze in Florida 1n the winter of 1977 

affected the amount of acreage h<trvestabhh 

It is also hypothesized thAt the ih0rt ri,m supply e1 asti eity of 

tom~ta production 11 1ne1ast1e w1th respect to price and with resp@ct to 
' 

costs of harvesting which implies that the elnsticiti~& of acres h&rvest§d 

with respect to price and costs of harvesting are also in the inelastic 

range (note that the elasticity of quantity supplied is logically the· 

sum of the el~sticities with respect to'acres harvested and with respect 

to yield). The acres harvested equation utilized was; 

(2) ln AHT0Mt ~ .14652 ln PT0Mt" .13841 ln CHARVt 
(l.86) (-2.07) .· 

+ 1 .0245 ln APT0Mt ~ .04446 (FREEZEt) ln APT0Mt 
(80.35} (-11.20). 

2 x2 = 3.12 0P = .03 r = .998 
I 

Estimation Method: 2SLS-Mixed Estimation 

Definitions of Variables Not Previously Defined: 

a} AHT0Mt = acres harvested of tomatoes in quarter t. 

b) CHARVt = cost of harvesting inputs, proxied by the index of prices 

paid by farmers for hired farm labor, 1967 average= 100. 

> c) FREEZEt= dummy variable for freezes-in 1960 spring qua,rter and 1977 

winter quarter which seriously affected volume of harvest­

able acreage. 
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Numbers 1n parenth~ses are ratios of the ott1mated coeffient to its 

estimated standard error. The r refers to simple correlation between 

the dependent variable and 1ts prediction generated by equation (2), The 

ep refers to the proportion of the posterior precision of the mixed 

.estimator that is accounted for by the prior informat1on, which in this 

case consisted of two stochast1c constraint& on the e1ast1cit1e; of 

AHTOM with reJpect to PTOM and CHARY (soe Theil on the interpretation of 

ep). Th~ con,trtints were thtt the e1a~tic1t1et of AHTOM,w1th r~spect 

PTOM and with respeat to CHARV w~r~ cont~4n@d in the interval$ [ti, 1j 

and [-1 1 OJ, respectively, with probability ,95 in each case. Points in 

the interval were considered equally 1i~ely, and thus a uniform distribution 

was used in reference to the disturbance terms of the stochastic constraints. 

Estimated probability values associated·with the null hypoti;leses of . .., 

compatibility of each stochastic constraint with the sar .. ple data resulted 
. . ' 

' . 
in value of .g39 and .235, respectiveiy. The rather high probability 

values lend a fair amount of suppory to the null hypoth§ais of compatibility 

between sample a11d prior constraint;s (see the appendix for a more detailed 

description of the mixed estimator;,' under the uniformly distributed prior 

stochastic constraint assumptibn). The x2 value associated with Theil's, 

test of compatibil'ity between sample and prior information is presented 

for reference, although since the prior constraints were not assumed to 

✓ be normally distributed, the x2 distribution for Theil 's test statistic 

does not obtain. The x2 test would indicate compatibility of sample and 

prior information at the standard .05 level. 

The double log form of the relationship was chosen basically on its 

empirical merits. Being in double log form, the short run elasticfties 
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of AHTOM with respect to PTOM and c•~RV are represented direct1¥ by the 

estimated coefficients .146 and -.138, respectively. 

Yie1d 

There ara three major factors that ultimately affect the y1eld 

forthcoming from aeres barv11ted, The 1n1tio1 decision concerning 

seeding rates. and cu1tivat1on pract1ces including fertilizing, app1ication 

of herbicides, and pruning and t,ain1ng represent the capita1 investment 

in the production unit, The foregoing activities occur f9r th@ rno~t 

part prior to initial harvesting, and thus decisions regarding these 

pr~ctices are based on expectations of market conditions during the 

harvest period, 

A second major factor determining yields is a decision regarding 

the intensity of the harvest. Tomatoes must be harvested continually as 

they mature, although as harvesting progresses, yields per harvest 

eventu~lly decline. The actual pric~ at harvest time and harvesting 

costs would seem to significantly influence the intensity of the harvest. 

Finally, weather has a substantial effect on the potential yield 

from harvested acreage. The tomato is a warm-season plant. The tomato 

plant does best in moderately dry areas with temperatures ranging between 

65° to 85° F. Plants are frozen at temperatures less than 32° F, and do 
. 0 

not grow when.temperatures are above 95 F. Foliage diseases are 

induced by high temperatures coupled with high humidity. 

The variables used to explain tomato yields include the expected 

price of tomatoes, the risk of error in the price expectation, the cost 

of harvesting the crop (proxied as before by CHARY, the index of prices 

paid for hired farm labor), and the past level of yield in the quarter. 
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In addition, winter freezes in Florida significantly reduced yields in 

1970 and 1977, and a dummy variable representing these quarters was 

included, AJso, exceptional weather conditions resulted in an extreme1y 

large <::rop in the winter of 197.5 (310 cwt per acre), A durnmy variable 

·; to account for thiFJ except1ona1 phenomenon was aho inr,:luded in th@ 

specification. Finally, a spring quart@r dummy variab1e was ustfu1 in 

interaction with the past 1eve1 of yield (s1,1mmer and fall dumrn.Y variab1H 

were al~o initially uti11ztd, but were faunrj not to be tign1f1aint), 

It was also hypothesized th1t the short run el1st1cities of y1eld 

with respect to PTOM and CHARV would be inelastic, in keeping with the 

previoijij hypothesis that quantity supplied in the short run is inelastic 

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

(3) ln YIELDt = 2.1978 + .22575 ln PTOMt - .47797 ln CHARVt 
· (4.16) (l.93) (-3.87) 

+ .41213 ln EPTOMt - .053824 ln PRISKt 
(2.78) (-1.60) 

+ (.69167 - .06739 FIAFREZt - .014018 DSPt) ln YIEL □t-4 
(7.76) (-5.10) (-1.98) 

+ .40759 D75 WINT 

x2 = .984 0 = .0~4 p r = • 919 

Estimation Method: 2SLS-Mixed Estimation 

Definitions-of Variables Not PreviousJy Defined: 

a) YIELDt = yield per acre, in cwt./acre. 

b) FLAFREZt~ Florida Freeze,= 1 in winter quarters of 1970 and 1977, 

= 0 elsewhere. 

c) D75WINT:::; dummy for exceptionally good weather resulting in heaviest 

yields on record in winter of 1975, ~ l in winter of 

1975, = 0 elsewhere. 

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

estimated standard errors, r is the simple corre1ation 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 

prior information, which contist@d of two stochastic constraint, on the 

PTOM and CHARY elasticities, As before, the elastieiti~s were constrained 

to the intervals [O, 1] and [~1, OJ, respectiv1ly, with prior probability 

.95'derived from the uniform distribution. Th~ probabii1ty va1ues 

associated with the hypotheses of inelasticity were .295 and .~94, 

respectively, indicating strong support for the hypothesis (agai~, see 

appendix for further details). 

Since th~ yield equation was specified in double logarithmic form, 

elasticities are equal to estimated coefficients. The short run elasticity 

of yield with respect to PTOM was .226, with respect to CHARV it was -

.47~, with respect to EPTOM it was .412, and with respect to PRISK it 

was -.054. 

Quantity Supplied 

Aggregate domestic quantity ot fresh tomatoes supplied is determined 

by multiplying acres harvested by yield, and is scaled to be in units of 

millions of hundredweights, as 

(4} QSTOMUSt = (AHTOMt)(YTOMt)(.000001) 

' Definition of Variables Not Previously Defined: 

QSTOMUSt = quantity produced in the U.S.; in millions of hundredweights. 

The short run elasticities of aggregate quantity supplied with 

respect to PTOM, CHARV, EPTOM and PRISK are found by summing the elasticities 

of AHARV and YIELD with respect to the appropriate variable (e.g., 

(aQSTOMUS/aX)(X/QSTOMUS) = (aAHARV/aX)(X/AHARV) + (aYIELD/aX)(X/YIELD)), 

and were equal to .372, -.618, .412 and -.054, respectively. 



j ( 

i 

II 

• 

Mexican s"""~.E.Pll...fE! ..... f.~J'-O rt 

Ideally it would have been desirable to model the total production 

of tomatoes in Mexico in a given quarter, and then model quantity 

allocated to the export market and the domestic market, The data 

a~ailable for Mexico allowed only a simplistic modeling of.the amount 

supplied to the U,S,•Canadian market. 

Given the behilvior of CAADES in deterrnining Mixican supply for 

export {see previous d1scus,1pn of Mexican •upp1y for exp9rt and CAADES) 

it was hypothesized that tha quantity of tom1toes 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 

Market met by Mexican supplies), the previous level of price received 

by Mexican growers supplying the U.S.-Canadian market in the quarter, and 

the price received by Mexican growers,'at the time of harvest. The first 

two variables pertain to information.;r@1evant for the setting of goals 

for production .. The third variable:'is relevan~ for decisions regarding 

what percentage of supplies av4ilable 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 farm commodities sold by Mexican growers, and thereby 

proxy the "acceptable price 11 phenomen~n utilized in decisions concerning/ 

level of exports (see previous discussion of Mexican supply for export). 

A dummy variable shift for the summer and fall quarter was found to be 

useful, which differentiated between the quarters of greatest Mexican 

comparative advantage (winter-spring) and least advantage (summer-fall). 

The final equation utilized was: 
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(5) 1 n MEXEXI\ R 1. 3066 .. 1 , 1762/PMXt 
· . {4.06) (-3.64) 

+ ,58058 1n PMXt.4 + ,4995 1n MEXEXPt.4 {1,98) · (5,94) 

,e!s~~H osMPLt 

r M ,959 E$t1mation Method: 2SLS 

Definitions of Variables not Previousl>! Def1ned: 
I • • .• • ,·. .. . "''···* .1~ ••• W "l!I "If.a !P>'IJ!?"z,tF .... •~• .. _. ,!I!!!"!' .. ~~ 

.4) MEXEXPt = the 1eve1 of Mexican expott; to the U,S,•Cand1an Market. 

in m111ion cwt. 

~ the re1ative Mexican pric~, defined ai 

PMXt = (PTOMt "USTARIFFt)EXCHRATE~~X t MXPPINDt' 

Where: 

USTARIFFt::; the most favored.nation U.S. tariff rate on 

tomatoes in quar~er t~ in ¢/lb. 

EXCHRATE~~Q exchange rate \ESOS/U.S. DOLLARS. 

MPPINDt = prices paid to:farmers for commodities sold, 

Mexico city, 1979 = 100. Note, this is an annual 
' 

index that cpuld npt be obtained on a quarterly 
1 

basis. Each:quarter was assigned the appropriate 

annual value of the index. 

c) DSMFLt ~ summer-fall dummy variables, = 1 in summer and 

fall quarters,= 0 elsewhere. 

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

estimated errors and r is the simple correlation between predicted and 

actual.values of ~hedeperident variable. Note that the functional form 

is double logarithmic except for the inclusion of the recipricol of the 

relative Mexican price, and the summer-fall dummy variable. Entering a 
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dummy variable in this way allows a shift in the entire surface implied 

by (5), and in fact the shift 1s estimated to be downward in the summer• 

fall quarters. The use of the reciprical of PMXt 1n equation (5) implies 

the notion of an asymptotic 1eve1 for the response surface, i .e,, as 

PMXt increases, the functiona1 form would be. Gonshtent with the notion 

that a11 of what w11 p1anned to be exported to the u.s ... canad1an mark•t 

is 1n fu:t exportf!q (tee John,tor,, Chtpter two. for tddit1ona1 de,ta1h 

on this functional fQrm). 

The short run elasticity with respeet to laggtd n1ative Mexican 

price was estimated to be .581, The short run elasticity with respect 

to the current relative Mexican price w~s estimated to be ,981 at the 

mean level of the data. 

Demand'in the U.S.:-Canadian Market 

U.S. Domestic Demand 

.A rather simplistic view of th~1 domestic demand for fresh tomatoes 

was tak0en in specifying the behavio.tal eq~ation. It was hypothesized 

that the domestic per~apita demand!for tomatoes at the farm level was a 
I 

function of the price of tomatoes~ per capita disposable incomet and 

tastes and habits. The prices of all other goods were proxied by the 

consumer ,price index, which was used to deflate the price of tomatoes 

and per capita disposable income. Tastes and habits were represented by 

including values of per capita consumption lagged one, two, and three 

years in the equation. 

Three stochastic prior constraints were used in estimating the 

demand equation. It was hypothesized that the elasticity of demand with 

respect to price and with respect to income would be in the inelastic 

range. The mean level price elasticity and the mean level income elasticity 
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were constrained to ba in the intervals ["l, OJ and [0, 1]; respective1y, 

with ,95 probability, The uniform distribution was utilized for the 

error terms of the1@ stochast1c constraints. In addition, Shi11@r 11 

method wa.s used to impose the hypothesis of imooth1ng d@clining weights 

on successive 1Qgs of per capita consumption which wa1 included in the 

equat~on to proxy tastes and habits, The rationale and method for 

der1v1ng the stochastic constraint far 1mpos1tion of Sh111ar 1s method 11 

identical to the ona used by Hammig and .Mittelhammer, and is not repeattd . 
here. It should be noted, however, that. in the case at hand, the uniform 

distribution again was utilized for the disturbance term of the stochastic 

constraint (and not the normal distribution, as was used by Hammig and 

Mittelhammer). 

The final equation utilized was: 

(6) QDTOMUSt/POPUSt = ,0022641 -.00049959 PTO~t/CPIUSt 
(.89) (-2.03) 

+ .0022453 INCUS/(CPIUSt · POPUSt) + .47619 QDTOMUSt 4/ 
( 2. 68) .: ( 4. 88) -

POPUSt_4 + :27027 QOTOMUSt_8/POPUSt_8 + ,14316 QDTOMUSt_12/ 
1(3.06) (1.49) 

POPU\_ 12 

x2 = 2.48 0 ::: 08 p . r = .958 

Estimation Method: 2SLS-Mixed Estimation 

, Def;ntions of Variables Not Previously_Define___<:l 

a) QPTOMUSt = aggregate domestic quantity demanded in the U.S.', in 

millions of cwts. 

b) POPUSt ~ population of the U.S., in millions. 

c) CPIUSt ~ consumer price index in the U.S., 1967 average= 1 .00. 

d) INCUSt = aggregate disposable income in the U.S., in billions of 

dollars, seasonally adjusted annual rates. 
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2 Nun~ers in parentheses, x , op, and rare as they were defined 

earlier. The probability values associated with the hypotheses of 

inelasticity with respect to price and income were .301 and ,383, respectively, 

lending significant support to the hypotheses, The hypothesis of 

smoothly declinin~ weights on the lagged per capita consumption variables 

imposed by Sh111er's method had a probab111ty value of ,672, lending 

strong support to the hypothes11, As a point of reference, Th~11 's 

x2-test of compatibility wou1d indicate' compatibility of sample e.nd 

prior information at the .05 level. 

Price and income elasticities were .calculated at the mean level of 

the data. They were found to be -.181 and ,219, resp~ftively. Aggregate 

domestiq quantity demanded was found by_multiplying the dependent variable 

in (6) by POPUSt. 

Canadian Demand 

The specification of the Canadian per capita demand curve was 

similar to the demand curve for the 'u.s. However, only per capita 

consumption lagged four quarters w~s included in the equation to represent 

tastes and habits since quantity tagged eight and twelve quarters did 

not prove to be useful. 

Similar to the demand in the U.S., it was hypothesized that both 

the price and the income elasticities would be in the inelastic range. 

Mean level elasticities with respect to price and income were constrained 

to be in the range [-1, OJ and [0, l] with probability .95. As before, 

the disturbance terms of the stochastic constraints were generated from 

uniform prior distributions. 

The final equation utilized was: 

-· 
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(7) QDTQMCANt/POPCANt = ,01~::~1 ~-~~~~~~)PCANt/CPICANt 

+ .8088 INCCANt/(CPICANt • POPCANt) 
( 1, 82) 

+ .91755 QDTOMCANt 4/POPCANt A_ 

(30, 49) . · .. ..'t 

0 ;I I 03 p . 

Estimation Metrod: 2SLS~Mixed Estimat1~n. 

Def in 1 ti ~ns of _Va r1~l!i s noJ._,,£,r_E!V,i~oJLU.¥~ .. P,ef tn~d: 
a) QDTOMCANt = aggregate Canadian demand for tomatoe~~ in miliions 

of cwts. 

b) POPCANt = population of Canada in millions. 

c) PCANt = Canadian price of tomatoes, defined as 

PCANt = (PTOMt · EXCHRATE~~N) - CANTARIFFt 

where 

CANTARIFFt = the Canadian Tariff on imports of fresh 

tomatoe~, in ¢/lb. (Canadian) 

· EXCHRATECAN= the Ca'nadian/U.S.· exchange rate in$ us 
Cana9ian/$ U.S. 

d) CPICANt = Canadian consume~ price index, with 1971 AUG= 100. 

e) INCCANt = Quarterly Canadian disposable income, in billions of 

dollars (Canadian). 
2 Numbers in parentheses, x , 0 and rare as previously defined. The 

p 
probability values associated with the hypotheses of inelasticity with 

regard to the price ard income elasticities were .191 and .260, respectively, 

indicating a fair amount of support for the hypotheses. As a point of 

reference, Theil 's x2 test would imply compatibility of sample and prior 

information at the .05 level. 
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Price and income elasticities were calculated at the mean 1eve1 of 

the data. They were found to be -.104 and ,150, respectively, 

Aggregate quantity demanded in Canada was found by multiplying the 

dependent variable 1n (7) by POPCAN. 

E .. qu_1Jjpri um o..t Q,u,r,1¥~,t1).x., F1p>1, 

An 1 dent1 t.Y wu used to def1 ne equi11 bri yrn betwrum tota 1 qy1nt1 ty 

supp1ie.d and tota1 quantity dem,nded in the V!S,MCin~d11n market, I$ 

fo11owu 

(8) QDTOMUSt + QDTOMCANt ~ QSTOMUSt + QSTOMCANt + MEX[XPt 

IV. Model Simulation 

Goodness of Fit 

The set of six behavioral equations and four identities was solved 

simultaneously using the Gauss-Seidel iterative method for solving sets 
' . 

of nonlinear gr,d 1 i near equations. Th:e mode 1 was evaluated in terms of 
' , 

/ 

its performans~ in generating one-ste~ ahead (short-run) predictions 
. ' ' 

and in generating a long run series pf predicti9Ds during the 1960-1978 

historic~l period. In the former eMalu~tion, actual historical values for 
I 

all lagged endogenous variables a~ well as for all exogenous variables 

are used in1obtaining solutions (predictions) for the 1960-1978 period. 

In the latter ~valuation, actual historical values of exogenous variables 

are used~ but only the initial solution (first quarter, 1960) utilizes 

# actual historical values for lagged endogenous variables. All r~maining 

solutions (predictions) use the appropriate solution (prediction) values 

for lagged endogenous. variables generated internally by the model. 

Table 1 presrints measures of goodness of fit for the short run and 

long run evaluations, It should be noted that the rather large mean 
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APTOM . 
AHTOM 
YIELD 
QSTOMUS 
MEXEXP 
QOTOMUS 
QDTOMCAN 
PTOM 

APTOM 
AHTOM 
YIELD 
QSTOMUS 
MEXEXP 
QDTOMUS 
QDTOMCAN 
PTOM 

Table 1. Goodness of Fit Measures 1n Simulation, 1960-1978. -----'-·-~--- - ... ' - ·, . ·~_,..,._.-""":". -··· - ' . ~----~~~ 

Mean Percent 
Error 

-,-:;!6:r--"' 
"'. 958 
,.. .625 

-1 .137 
.. jfj,975 

-.083 
,,. • 437 

.. , . 618 

Mean Percent 
Error 

--1. l 63 
-1 .344 
~ 1 . 607 
-2.596 

,..13. 890 
-1 . l 00 
1. 734 

-1 .363 

Short Run Predictive Performancell 

Mean Abso1ute 
Percent Error 
-7JJf55--

8,167 
6.865 
8,229 

40,854 
6,377 
9,741 

14,233 

Y V$, y .. HAT 
Corre1ation -..---.,,98~ 

. ,982 
,924 
,979 
I 957 
,957 
,953 
,880 

L~ng Run Predictive PerformanceY 

Mean Absolute Y vs. Y-HAT 
Percent Error Correlation 
-g .153 .980 

8.696 .981 
8.882 .868 

11 . 201 . 961 
39.633 . 951 
10.015 .899 
8.830 .968 

12. 771 .910 

Theil U 
Statistic 

• 211 
.203 
.507 
.287 
.357 
.445 
. 217 

1.067 

liso1utions obtained by utilizing actual historical data on all lagged 
endogenous and exogenous variables. 

Ysolutions obt~ined by utilizing actual historical data on exogenous 
variables, and internally generated values for lagged endogenous variables. 
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absolute precent error in predicting Mexican exports 1s primarily due ta 

large relative errors in predicting the sumncr 1nd fall quarters, A$ a 

practical matter, the errors in these quarters, though 1arge relative to 

the actual level of exports, amount to very little in nominal terms, 

E~ports in winter and spring are for the most part in the 1.5 to 4 

mi11ion cwt. range, In summer and fall, exports are generally much 1ess 

than .4 million cwt, 

It should be noted that for the purposes of ,1mulation under a1tern, 
' 

ative scenarios,the long run predictive performance of the model is mast 

relevant in assessing goodness of fit. 

Simulation Under Alternative Tariff Structures 

In this section two alternative U.S. Tariff structures are compared with 

the actual historical situation during the period 1960-1978 (the simulation 

of the actual histqrical situation during this period will henceforth be 

denoted as the baseline solution). In one alternative, the U.S. Tariff 

is eliminated en.tirely, with all else being as .it was in history. In 

the other alternative, the U.S. Tariff is doub,ed as compared to its 

historical values. 

Discussion of all simulation~ is concentrated in the winter and spring 

quarters, as this is the period of significant activity by Mexico in 

the U.S.-Canadian tomato market. Qualitatively speaking, very little 

changes significantly in the summer and fall quarters when Mexican activity 

is altered, as one would expect. In order to expedite the discussion, 

only the effects on U.S. quantity supplied, U.S qu~ntity demanded, U.S. 

price, and acreag~ planted are specifically examined. 
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~c,reage Pl.ant~& 

As expected, when the tariff 1s eliminated, acreage planted tn the 

winter h reduced re1a.t1ve to the baseline u more Mexieern imports. enter 

the market, Howev~r. the magnitude of the ·re'1uet1on h 5omewh1t less 

than startling, The reduction 1n total wt"ter acreag, p1anted ~ver the . 
fu11 19 year period of simulation 1s estimated to be 6,9%, 

On the other hond, when the u.s, Tariff ii doub1ed and protection 

of d·omest1c grower, from Mex1can eompeti tion is i nereued. acreage 
. f • 

planted increases. However, the magnitude of the 1nereale is as~in not 
' 

large, being 5.1% in aggregate over the 19 year period of simulation. 

Corresponding figures for the spring quarter are a 4.5% decline in 

acreage planted when the tariff is elim1riated, and a 3.2% increase in 

acreage planted when the tariff is doubled •. 

Time paths of the simulated values of acreage pla~ted under the altern­

ative tariff structures are illustrated in graphs 1 and 2. 

U.S. Quantit,z'. Supplied . 

U.S. quantity supplied is signi,ficantly affected by chp.nges in the 

tariff structure both in the winte~'and in the spring quarters. Elimination 

of the tariff results in a 23.8% reduction in aggregate quantity supplied 

in th~winter~ and a reduction of 17.9% in the spring for the 1960~1978 

period. Doub1ing of the tariff increases winter quantity supplied by 

~ 19.6% and increases spring quantity supplied by 14.4%. 

Time paths of the simulated values of quantity supplied under the 

alternative tariff structures are illustrated in graphs 3 and 4. 
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The U.S. quantity demanded of fresh tomatoes it moderate1y affected 

by changes in the tariff structure, E11m1nation of the tariff increase& 

aggregate quantity demanded over tho 19 year period by 9.2% in the 

.winter, ~nd by 5,8% in the spring. Doµb1ing the tariff depresie.s aggregate 

quantity de~anded by 8.4% in the winter and 4,4% 1n the spring, 

Time paths for s1mu1ated quantitiei demanded over the historica1 

period under the various tariff struct4rts are given in graphs 5 and 6~ 

U.S. Tomato Priee .,..._ ., ' ~~~ 

The U.S. tomato price appears to be moderately affected by changes 

in the tariff str~c~ure. Comparing simple averages of prices during the 

historical period, it was found that the elimination.of t~e tariff 

reduces average tomato prices by 6.0% and 5.1% in the winter and spring 

quirters, respectively. A doubling of the 'tariff incr~3ses the average 

price by 5.6% in the winter quarters; and 4.0% in the spriry~ quarters. 

Weighted average real (deflated by CPI) demand prices and supply 
' 

prices were also calculated for the historical period 1960-1978. The 

direction and magnitudes of the changes in the weighted average prices 

parallels the changes in the simple average price. The percentage changes 

ar-e displayed as part of table 2, to be discussed in the next section. 

Graphs 7 and 8 depict the time paths for the simulation values of 

prices under the alternative tariff structures. 

Comments 

Table 2 provides a summary of the aforementioned changes induced by 

changes in Mexican supply behavior due to variations in the tariff 

structure. The largest per~entage changes under the alternative tariff 

structures occur in U.S. quantity supplied, which tends to support 
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The U.S. quantity demanded of fresh tomatoes is moderately ~ffected 

by changes in the tariff structure, Elimination of the tariff increases 

aggregate quantity demanded over the 19 year period by 9.2% in the 

. winter, and by 5,8% 1n the spring. Doub1in9 the tariff depres$es iggregate 
_, 

I 

quantity demanded by 8,4% in the winter and 4.4% in th, spr1ns, 

Time paths for s1mu1atad quant1tie, demanded ovtr the histor1ea1 

period under the v1r1ous tariff structures are g1ven 1ri grijphs 5 and 6, 

U.S. Tomato Price .-
The U.S. tomato price appears to be moder1tely affected by changes 

in the tariff structure. Compqfing simple averages of prices during the 

historical period, it was found that the elimination of the tariff 

reduces average tomato prices by 6.0% and' 5.1% in the winter and spring 

quirters, respectively. A doubling of the tariff increases the average 
; . ' 

price by 5.6% in the winter quarters; and 4.0% in the spring quarters. 

Weighted average real ( defl a te
1
d b,y CPI) demand prices and supply 

--
prices were also calculated for th~ historical period 1960-1978 .. The 

direction and magnitudes of the changes in th~ wei~hted ijVerage prices 

parall~ls the changes in the simple average price. The p1rcentage chan~es 

are displayed as part of table 2, to be discussed in the next section. 

Graphs 7 and 8 depict the time paths for the simulation values of 

prices under the alternative tariff structures. 

Comments . 

Table 2 provides a summary of the aforementioned changes induced by 

changes in Mexican supply behavior due to variations in the tariff 

structure. The largest percentage changes under the alternative tariff 

structures occur in U.S. quantity supplied, which tends to support 
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Tab1e 2. Summary of /\ggreqate Changes from Base1ine for Se1e~ted 
S1m~1ated Variables, 1960-1978 Por1od • 

Acres P1anted 
U.S. Quantity Supplied 
U.S. Quantity Oemandeda/ 
AVG U.S. Tomato Price - b/ 
Wt. AVG Real Demand Pricey 
Wt. AVG Real Supply Price 

K1n.te...r. 
e,9%+ 

23.8%+ 
9,2%+ 
6.0%+ 
6 .2%4, 
S,9%+ 

!P.!i~. 
4,5%t 

17 'g%.J­
~,B%t 
EL 1%-1-
5, 7%+ 
4,8%.+ 

Tariff Doubled 

lt1l1J: ... 0J: 
5 .1 %t 

19,6%t 
8,4%.J. 
5.6%t 
5.7%t 
6,0%t 

-
}J?.rin.a 

3.2%+ 
14 .4%it 

4.4%,1, 
4.0%t 
4,2%t 
5. l %t 

Yrhe average U.S. Tomato price 1s a simp1e average of 19 qyarters, 

lYu.s. Quantity demanded-1•1eighted average of price deflated by 
consumer price index for appropriate quarters in 1960-1978, 

c/u.s. Quantity supplied-v,eighted a'verage of price deflated by 
consumer price index for appropriate quarters in 1960-1978. 
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somewhat the contantion by domestic growers that ffoxican competition is 

• substantial in the winter and spring quarterst and that the tariff 

provides considerable protection for the domestic producers. There 1s 

a moderate price to be paid by domestic eonsumar~ for protection of 

domestic production, Elimination of the tariff would increase Mextcan 

imports resulting in a moderate decline in prices (a.s jud9ed by the 

simple and weighted average af prices ov~r the period) tnd a m0dqr1te 
f 

increase in aggregate qutlntity consumed.; Thus there is a noteworthy 

penalty to consumers 1n terms of prices paid and quantity consumed for 

maintaining the tariff structure, 

Ultimately, the advisability of nJ~intaining the tariff structure 

depends on values placed on the protection of the domestic indus.try and 

the welfare of the consumer, an argum~nt which will not be examined in 

this paper. It is sufficient to not~ that judging by simulations under 

alternative tariff structures, Mexican competition is formidable, but 

manipulatable. 

Simulation Under Quota 

In this section two alternative restrictions on ~uantity of fresh 

tomatoes imported are examined. In one alternative, imports to the 

U.S. are restricted to 10% of domestic U.S. production, and the tariff 

✓ is eliminated. In the other alternative, all imports to U.S. and 

Cana are barred. The latter simulation represents a situation where 

Mexico is effectively removed from the U.S.-Canadian tomato market. 

As before, di~cussion i~ concentrated in the winter and spring quarters, 

and only the effects on U.S. quantity supplied, U.S. quantity demanded, 

U.S. price, and acreage planted are sp?cifically examined. 
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The directions of changes in the var1ab1es 1nd1ced by the two 1ndueod 

import restrictions are gener111y 1dentica1, and differ only in magnitude, 

As one would expact, eliminating a11 impartJ produces more v1o1~nt 

changes in the variub1es than does impo51ng the U,S, 10% of produetio~ 

quota. Any specific comments on the time p~ths of change are concentrated 

on the polar case of the complete bM on impQrts, 

A.ruJJJj.oiU 
Import restrietions have Ql'l1Y' a sm·a11 effijct on acres plan.tQd 1n 

the spring, increasing aggregate acr~s for 1960~1978 by 2,B¾ when a11 

imports are barred, and having virtually no effect (increase of ,002%) 

under the 10% quota. The effect on acreage is significantly greater 

in the winter quarter, where aggregate a~reage is increased 10.8% and 7,7% 

for. the import ban and 10% quota, respectively. 

Till),e pat~s for the simulated Vijfiables are illustrated in ~raphs 

9 and 10. Notice th~t complete elimination of the Mexican supply source 

results in more violent disruptions in acres planted over time when there 

are exogenous shocks to the systeT as compared to the baseline solutio~s. 

This is especially evident in grdph 10 for the sping quarter; where in 

the first year (1960), a freeze caused a significant loss of domestic 

production~ which under the import ban, causes extremely high prices 

that induce rather violent cyclical variations in acres planted (and 

in prices) in subsequent years . 

. (l~~t i ~L2.ll PJJJ i tc! 
Domestic quantity supplied is substantively affected by restictions 

on imports, In the winter quarters, aggregate quantity supplied during 

1960-1978 is increased by 47.0% and 33.2% under the ban and 10% quota, 
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respect1vely. The corresponding fiqures for the spring quarters are 

6.7% and 22.0%, respectively. 

The time paths for the simulated variables are illustrated in 

graphs 11 and 12, The winter graph 11 11lustrates that in the absense 

of Mexican imports, disruptions 1~ quantities supplied during the 1970 

to 1978 period induced by the freezes in 1970 end 1977, and the except1ona11y 

good harvest of 1176 are aca1ntu1ted, A s1mi11r p~tt@rn emerges fa1low1ng 

the spring freeze 1n 1960. It is also usefµl ta ngt4Ge \hat thi impart 

ban induces a steady expansion of quantity sypp1ied in the sprinp quarters 

from 1968 forward, a time when historically the Mexican penetration into 

the U.S.-Canadian market was substa~tially increased, 

U.S. Quantity Demanded 

Aggregate consumption of fresh tqmatoes is sharply reduced over 

the 1950-1978 period when import resttictions are applied. In the winter 

quarter consumption was rediced by 2'9.6% and 22.5% for the complete 

ban and 10% qµota, respectively. Lri the spring quarter consumption was 

reduced by 15.2% and 9.1%, respect~vely, 

ThQ time paths of the siMulated variables are illustrat~d in graphs 

13 and 14. Similar to the patterns in supply, freezes in 1970 and 1977~ 

and the exceptional harvest of 1975 cause violent swings in quantity 

consumed in the winter quarters. A similar discription for the spring 

quarter is induced by the spring freeze in 1960, 

U.S. Prices 

Restrictions on imports cause substantial changes in U.S. fresh cause 

tomato pr~ces. In the winter quarter, the simple average of U.S. prices 

during the 1960-1978 period is increased by 29.3% and 25.1% for the total 

ban and the 10% quota, respectively. In the spring quarters, prices are 
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Graph #13. U.S. Quantity Demanded - Winter - Million cwts. 
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increased 14.1% and 7,2%, r~spectively, Similar patterns are evident 

in the quantity demanded and ~uantity suppl1ed weighted average real 

prices for 1960-1978 period, These latter averages aro displayed 

in Table 3. 

The time path for simulated prices are illustrated in graphs 16 

and 16, It is seen that th8 obsence of Mexican imports cause a sub$tant1i1 

amplification in price savings induced by the 1970 and 1977 froeie iwing1 

and 1975 exceptiona1 harvest in the winter quarters, and ~y the 1960 

fre~ze in the spring quarter, 

Comments 

The absence of Mexican exports to the U.S.~Canadian market results 

in greater instability in prices and domestic consumption, and results 

in Substantially higher prices paid for fresh tomatoes in the winter and 

spring quarters (as judged by simple and wei9hted average real prices) 

than when Mexican supply is available, Thus, fro~ the standpoint of 

the tomato consumer, the participation of Mexico in the winter-spring ✓ 

tomato market provides the benefit of more stable prices coupled 

with the opportunity for more stable corisumption patterns in the 

quarters. 

On the other hand, particination of Mexican 9rowers in the U.S.-Canadian 

✓ tomato market significantly reduces the ability of the market to compensate 

producers wi.th h·igh(I, prices when dornestJc quantity supplied is uricontrollably 

restricted. In addition, potential expansion of the productive capability 

of the domes.tic tomato industry arpears to have been substantially muted 

by the participation of Mexican growers in the rlarket, 
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Table 3. Summary of Ag9regatc Changes fro111 Baseline for Selected 
Simulated Variables. 1960-1978 Period, Import Restrictions, 

10% of U,S, Prod~ct10n 
_,,..,.,..'l...,,_.,..,~Q.. t&l,."'\',,..,.,. . .,,s,:,.,,·, 

Acres . P1 ~ nted 
U.S. Qu~ntity Supp11~d 
U.S. QuMtity. Oemande1, 
Avg.· u.s. Tomto Priee,·1 21 
Wt. Avg, Real Demand Price~/ 
Wt. Avg, Real Supply Price-

J/The average U.S. Tomato price is ·a simple average 19 quarters .. 

Yu.s. Q~antity demanded-weighted average of price deflated by 
consumer price index for appropriate quarters in 1960-1978. 

· 31u.s. Quantity supplied-11eighted average of price. deflated by 
consumer price index for appropriate 4uarters in 1960-1978. 
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v . f one 1 udi n5.1_ Renu1 rkt 

The main objective of this paper was to provide a quantitative 

perspective on the importance of Mexico in influencins prices and quantities 

in the U,S. fresh tomato industry. It was feund that the Mexican influence, 

especially on pric~s, domestic quantities supplied and domestic quantities 

demanded, and espec1il1y in the winter quarter, was substantial, It 

was a1so found that the degree pf compotition wa, $ensit1ve tQ the 

tariff rate, and thilt the current tariff prQvides suostt1ntial. protection 

of domestic growers ... consistent with conjectures. 

The Mexican supply has acted as a buffer against violent fluctuations 

in pricos and quantities in times when the domestic crop was severely 

restricted due to weather conditions, 1he buffer effect also prevented 

the· market from stag.;ziiizing revenue to domestic pro.ducers in times of 

short supply. 

Attitudes towards Mexican competition in the U.S. fresh tomato 
1 

. . r" . 
industry must ultimately be famed with benefits to consumers and costs 

I\ 

to producers in mind. Th~ simula~ion model i~dicates that policy instruments 

are available which can significahtly affect the degree of Mexican 

competition, as well as the distribution of the benefits and costs of 

that competition to consumers and producers, respectively. 

There are a number of areas for future work that have the potential 

to improve the model and its results. Canadian supply should be modeled 

endogenously, and the data enabling this to occur are being assembled. 

Improved data on the Mexican situation would enable a more detailed modeling 

of the Mexican supply and diversion to the U.S.-Canadian market, but 

there is presently difficulty in securing the needed information. 
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Differentiation of the relationships by quarters in terms of slope 

shifting (perhaps seperate equation estimation) and by regions may 

improve the mode11ng of domestic: supply response, F1na11y, expansion 

of the model to include substitutes an the supply i1de cau1d prove 

, tc;, be useful . 
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Prior Stochast. i c Corwtraint.% 
--·· , .... _......_. . .,,,,..-.. -~--...-.-. ,,, -.. ·~11'-"11•·-·~-,~..,-.,.,,...._,...,,.c-."' 

i',tixcd cstimnti.on is ti mothou for dorivlng nn ostimnto of tho 

unknown pnrm-net.pr vector r, in the lincttr model 

(A. 1) y "' x B + u 

that is s\1bjcct to the stochnstic con~trctints 

(A. Z) r ::; RS + V 

(see Theil for details concerning tho ba~ic mixed cstinator), · TI1e 

constraints (A.2) are often generated by the researcher in a subjective 

manner, representing a distillation of commodity specialist opinion, 

introspection, and the results of past studies, 

To the authors' knowledge, all the empirical applications of the 

technique have as~wned normality of the disturbance term V, as well 

as nonnality of u. Unfortunately_~ for certain applications, the use of 

the 'nonnal:j_ty assumption may imply more prior infonnation about the 

linear combinations RB than the'rpscarchcr is comfortably willing to 

admit, For example, if a researcher is Nilling to bet 19:1 that a 

given coefficient SE[0, 1], he might represent this prior infonnation 

as 

(A. 3) 

with 

• 5 = B.1 + V 

(A.4) V"' N (O, ,065077) 

111.is then implies a 95% confidence interval rn the usual sense utilizing 

the pivotal quantity 



' 
;.; -' 

,,.. _, 

~ 

• y 

~ 

1 ~ 
j .. 

(A. 5) 
• 5 - a1 

(.2551) 
'l.i N(O, 1), 

<lcfinlng tho probnhi.lity i;tntcmont 

(A,6) 
• 5 .. a1 

Pr [ -L 06 < . . . . .. · < 1. O ti] = • 0 5, 
- (, 2S!U) -

and pivoting to obtain 

(A. 7) Pr[O ! a1 ~ l] • ,OS, 

However, following this oxomplo, the nssumptiem of normality also 
' ' 

implies, among other things, that the researcher is willing to bet 

approximately 2:1 that Be:[,25, ,75], something he may be uncomfortable 

about doing. TI1e point is, another distribution ~ the unifonn distribu­

tion, may be more useful in that it assigns equal probability to all 

_eqt1a1-lcngth subintervals in the domaiq of definition of th,~ yniform 

density. Tims, for example, a res_earcher can adequately incorporate 

infonnation such as the prior notJon that an income elasticity is in 

the inelastic range [O, 11, without incorporating any additional 

infonnation ~pncerning diffQring probabilities of various equahlength 

subintervals in the [O, 1] range. 

Unfortunately, once the assumption that Vis nonnally distributed 

is removed, the mixed estimator is no longer normally distributed, and 

the convenient and fauni.liar nonna1 theory useful for hypothesis testing 

and-confidence interval construction is no longer applicable. The distri­

bution of the mixed estimator must be derived anew, and hypothesis tests 

and confidence intervals determined accordingly. 

We now discuss the tlistri.hut ion of the mixed estiJnat.or when the 

stochastic constraints arc assoc.iated wi.th inllcpcndcnt unifonn distribu­

tions. We concentrate initially 01\ the releva:1t theory for cases i.n 
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• which Ol,S cnn bo applied to the general lincor model, TL><tcnsions to 

2SLS arc straightPorwar<l resulting in the :;mnc finul conc:lusions, 

TI1c standard f;ormu1 n. for the mixed estimator is 

(A.8) a = (cr~ 2x"x + R"'Y"' 1tt)' 1 (o~ 2x"y + It•~,"1r) 

which in view of (A.l) and (A,2) can be rewritten as 
,. 

(A.9) a= a+ /'-JJ + BY 

where it is n!lsun,ed that 

Euµ"' = ,ir, Eu:;:; o, 

and t-uV" = 0, 
,. 

Thus from (A.9) it is seen that 13 is a :linear combination of entries in 

the normally distributed vector u and t_he, uniformly distributed y~,ctor 

V .. The distribution of this linear combination can be derived in principle, 

but the distribution involves integr~ls that do not exist in closed 

form. :Numerical integration qf the ·expressions becomes infeasible fqr 

even a moderate number of entries ih the V vector (details are ayp.ilable 

from th~ authors). 
I. 

However, there are u::;cful re'sults that can be derived concerning 
A 

probability statements wrt. specific entries in the S vector, and wrt to 

univariate tests of capatibility bet,-.reen sample infonnation and prior 

constraint. These topics are examined in turn. 

Probability Values Associntccl with Stondnrd t tests as Upper Bounds 

In this scction 1 we prove that the probability value associated 

with the convcnb_.onal .J.S)'Jl\ptotic t-tcst of significance asymptotically 

;f;orms an upper bound to the- true prolx1hi1ity value associated with the 
" 

null hn;othcsis f\ == 0 when !\ i.s the mixc-d estimator combining nonna1ly 
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distrihutccl srnnplo lnformn-tion nnd unLfonnly ,listrihutod prior i.nform­

ntion. Thus, if; u. coc£fic:iont is signHcant at the· Cli~lcvcl of type I 

error using the convcntionnl t~test, it is ~iijni£1cont at the k < ~ 

.level 0£ type I (.}fror in actuo.lity (asymptotically), 

Wo actua.Dy 1wove tho r@sul t ior the fiimpl@!it c1i:;1;1 wlu,re j , t:he 

numbor p:f pricrr c::~m~tra.ints, i$ one, TI1t ~~.t~r15ir;m te;1 the ca1@ j ;,. l ii 

an obyj,gus extensi.©n of the prqo:( :for J • l, 
Proof: 

Examine a linear combination of the entries in the random vector 
A 

($ - $). 
A 

(A.10) Ci''(/3 - e) ::; Ci ... Au + Ci ... BV 

= u* + v* 
and· let Ci be a (K x 1) column vector of zeros except for a 1 in the i th 

position, and thµs u* is a normally 4'istributed scalar random V,J:1,table 

. h d . 2 . h . h . th f A Th wit n1ean zero an variance a a." a. w ere a. 1s t e l row o . e , .,·. 1, }., 1. 

varia.ble V* is a uniformly distrib~ted random variat~, since Ci:"B = 

Bi' the i th entry in the B vector ,(and a scalar times a uniformly 

distributed random variate is itself distributed uniformly. Examine the. 

ratio 

" 
Ci ... (8 - B) 

(A.11) 
\ - (Ci ... A- 1C.i,)l/Z ' 

where 1\i denotes the £act that V* 1s distributed uniformly, and the 

probability statement 

(A, 12) 
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= Pr I -K ;.. u* + v * ;;:.,. K) 
"!I ,.,, ~ 

= Pr [.-K.-u.,. ~ v* :!. K-u 111 ] 

= nu*fPr ("K-~* ! v* ! K-~*I ~*)J 

where BJ denotes the expectation tak~n with respect to the mmn:il 
f4 ~ 

distrlbution of u*, !Jiu ( •) ref ors to the cumulative dhitribution function 
.,, ""' :!!if 

of the unifonnly distributed random vuriahle Vif, and u~ ancl V'lf ar~ 
' 

(A.13) 

~ 

where I (a,b) (V*) is the indicator function (see :1!ood, Graybill, & Boes). 

Compare 

(A.14) 

-00 

e 

~ 2 
v* 

-1/2 - . . 2 
( (b-a) ) 

12 

where 4>11 (·) denotes the cumulative normal distributibn with Ev=O and EV2= 

(b-a) 2/12. It is obvious that 

Q 0 

. (A.15) J b:a 
0 

> 
( 2n(t~a) c 
) 112 · 

0 

for any o > o, :-ind since 1, (o) == 1' (o) == ,5 a,nd since the maximum value 
n u· ' 

7 ~ 

0£ N(O~ o1) occurs at zero (Nhich is associated with K-u* = K > 0), it 
l :.I; 

follm.;s ~:1at 
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An nna] ogous nrg,m1cnt shows that 

(A.17) 

whence it follows hrnnocUntcly that 

(A.18) 

where~ is the ratio in (A.ll), but·assuming a normal distribution 

for V. 
,. 

Standard asymptotically valid t-ratios, R, arc fanned by substituting n 
,. 

a consistent estimate, A, for A in the denominator of the ratio. TI1us, 

, (A.18) becomes an asymptotically valid bound, implying the following 

relationship between probability valU@!? under the null hypothesis 

f3 =f3 : 
0 

(A, HJ) 

Univariate/ Compatibility Tests 

A test'of compatibility between a unifonnly distributed stochastic 

constraint and sample infonnation can be based on the standard probability 

value concept. 'TI1e point estimate of RS generated by least squares applied 

to sample infonnation is simply Rb, and is distributed nonnally, with 

mean RS m1d variance o-2R(x--x)- 1R--, where it is assumed here that R 

is a row vector of constrants and u is norm:111y Llistributcd. 'l1K~ 

prior point estimate of; Rf~ is r, and is distributed unifonnly, and under 

~ •. c null hypothesis has expectation Rr;. Define the difference between 

the sample m1cl prior point estimate of IZG as 
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(A, 20) d == r .. Rb = RB+V - R~ .. H(x"x:)'° 1x"'u 

• V - R(x'x) '" 1x"u 

• V .. u,. 

under the null hyi,othesb of compnti.bilit.y (i.o., Er 1111· mu, 111 Ra), 

· where Ui1c I\, N(O, i,'R(x .. x)'"1R .. ), and V i~ uniformly dht.ribute4 with mean 

zero. 1110 two .. sided probability value etfsocinted with havin1 observed . 

a val,ue of d == c under tho null hypothesb h 

(A. 21) Pr[ldl !, F.:] == 1 .. Pr[-t ~ d !. ~J 
= 1 - Pr I -t 'i V - u* !. ~] · 

;:: 1 - Pr[-t; + V 2.. u* :5. ~ + V] 

The probability value can then be calculated via a rather straight~ 

fonvard numerical integration of 

(A. iz) 
b 

1 -J 
? U .., 

* -l/2(a7) 
e u * 

a 

Since cr 2 = cr 2R(x""xf 1R""is gen~rally 1J1.1knmvn because cr 2 is w.1known, 
U* I 

· consistent f;l,Stimates of the prbbability values must be obtained by 

subsituting a consistent estimate of cr2 in (A.22). The test is then 
. ~ ' 

performed with reference to a critical level of the probability value, 

traditionally . 05. 

. .~ .. -·:._·_.·._._ .. _·. _._. 
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