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I VIntroductionl/

" The tomato (Lycopersicon esculentum) is a member of the nightshade
family, and is a native of the United States' southern neighbors in
tropical America. The tomato had reportedly taken a circular royte to
introduction into the United States, first having traveled from Peru to
Italy, then from Italy to Northern Europe, and then finally from Eurepe
to the United States in 1781, By 1835 the tomato was widely cultivated
for culinary purposes in the U.S, In the late 1960's and in the 1970's,
there has been increasing concern hy United States producers that 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 the

. early 1960's, The increase in market share was attained at the expense

of Florida producers, who are the only commercially significant domestic
suppliers of fresh winter and early épring tomatoes.,

Import duties are in effect thfoughout the year in the United
States with the %nteht fo protect aomestic producers of tomatoés from

excessive foreign competition. The tariff has varied seasonally, the

highest ratevoccuring in March through July 14 (2.1¢/1b.), with a lower

) rate applying at other times (1.5¢/1b.).g/ The general 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.

g/Tariff Schedules of the United States, U.S. Tariff Commission,
various issues.
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that the tariffs provide considerable protection for U.S. preducers, and
that elimination of tariffs would cause a substantial reductign in
domestic production and a concomitant signficant rise in imports, The
Agricultural Act of 1956 provides the authbrization for establishing
quotas on imports when economic conditions are judged to warrant such
restrictions. No quotas have ever been instituted regarding.tomato
imports,

The purpose of this paper is to quantitatively exam{ne the Mexican
influence on the U.S. tomato jndustry using an econometric simulation
model of the industry, The tomato model used is part of a larger U.S.D.A.
study to develop quarter1y market modeTs for a selected set of fresh
salad vegetables. The model is a first generation model that is to be
further refined along the 11nés suggestéd in the final section of this
paper. The specific simulations invg1ve manipulations of the tariff
schedules and the use of jmport quoﬁé; to form various scenarios for the
1960-1978 peyiod. The effects of the various scenarios on prices and
quantities in the tomato market are examined, and the Mexican influence
on the market is assessed 1in 1igh£ of the simulation results.

A secondary objective of the study is methodological. The 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 interpre;ation
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 model specification are presented in the next section.

U.S. Production Base

Tomato production occurs in the United States during all quarters

of the year.gf Domestic production is most geographically dispersed in

the summer, with commercially significant preduction occurring in over

twenty states. The dominant producer in the summer 1s California, e
typically supplying 40-50% of the summer tonnage. During the 1970's,
génera11y 40% or more of the total annual domestic production of tomatoes
occurred during the summer months,

Domestic production becomes morevgquraphica11y concentrated in the
spring and fall, In the fall, California and Florida are the dominant -
producers. The two étates accounted for virtually all of the fresh fall
tomato production during the 1970'5; with roughly 50% of the tonnage

attributable to each state. S1ightly over 20% of total annua1 domestic

-tcmato 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 préduction. STightly less than 25% of
total annual domestic tomato production occurred in the spring during
the 1970's. Florida is the only commercially significant domestic

producer of fresh winter tomatoes.

§/In referring to quarters of the year, standard U.S.D.A. definitions
were used, namely winter = January-March, Spring = April-June, summer =
July-September, and fall = October-December.
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Annual production has been at or around the 20 mi1lion cwt 1eve1

during the 1970's. Annual production for 1979 was 22.4 million cwt,

Mexican $upply for Export and CAADES

Mexico has been producing winter vegetables for export (primarily
tomatoes, bell peppers, cucumbers, and eggplant) since the 1930's,
However, it was not until the 1950's that prodyction was developed on a
Targe scale. Rapid expansien of production eccurred during the 1950's
and 1960's due in Targe part to heavy investment by the Mexican govern-
ment in irrigation facilities in the states of Sonora and Sinalea (the
states 1ie 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, Sinaloa with Nogales was improved. It
is perhéps ironic that the development of the vegetables industry on the
west coast of Mexico was also significént1y fostered by production
credit obtained from U.S. sources, P?oduction credit from Mexican
soﬁrces‘was Timited and available only at rather high interest rates.
ngican growers obtained credit by\éffi]iating with producer-hand]érs
and brokers in the United States, Qho were repaid at the time the produce
was sold.

During the last twenty years, the Mexican producers have reportedly
acquired the highest technology in vegétab1e 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 sophistication in the marketing of
tomatoég, with prdduction, packing, and selling being a closely integrated

operation,



Beginning with the winter crop of 1960, the Mexicans have adhered

-

to a planned supply program, A marketing board in association with
CAAbES (Confederation of Agricultural Associations of the State of
Sinaloa) develop goals in terms of acreage and expected production for
the entire tomato industry in Mexico. Goals are established after
exém%ning production capabiiities in Mexice, and the expacted supply-
demand situations in the United States, Canada, and the demestic markets,
Maximum acreages for each producer are specified, with acreage controls
enforceable under the penalty of law. The level of exports through
Nogaies are closely monitored, and the level is restricted wheneQer the
price falls below "acceptable Tevels" that have been determined and
approved by a general assembly of vegetable growers affiliated with

CAADES.

The Tevels of fresh tomato exports to the United States by Mexico

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

hundredweight in 1960 to over 7 million hundredweight in 1979. The (
N . | . . e

large majority of Mexican exports té the U.S. occur in the winter and 1//

spring quarters, accounting for apﬁroximate]y 88% of exports to the U.S.

in 1979,

Canada's Role 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 1970's, production
has been at an average level of .7 million hundredweight.) Thus, Canadian
o demand is satisfied by imports from the U.S. and 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.ﬁ/ The tariff has been 1,5¢ (Canadian) per
pound, or 10% advalorum, whiche?er is greater, There is generally no
tariff applied in the winter or spring quarters.

Price Determination

Prices in the fresh tomate industry appear to be determined competitively

through the forces of supply and demand (Simmons, et. al.), Vegetable
buyers will attempt to purchase a given quality of produce Ft the Towest
delivered price, The buyers are for the most part indifferent Pegardfng
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 prodUcérs is equal to the market
price minus transportation and marketing costs. The price received by
foreign producers additionally dependslon the relevant exchange rates
and tariff.

Prices are influenced somewhat by the effect of the Federal marketing
order regulating Florida fomato han81ers. The order provides grade,
size and maturity specifications that limit the handling of tomatoes and
can 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.

I11. 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

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

Structural Overview

The U.S.-Canadian market for fresh tomatoes is approximated by a
simplified set of six behavioral equations and four identities, Market
outcomes are modeled on a quarterly basis for the four quarters of the
year, and all time subscripts henceforth refer to quarters unless it is
specifically stated otherwise. Behavioral equations are estimated Fcf
acres planted, acres harvested, yield, U.S. domestic per capita 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.-Canadian market, as well as to convert per capita domestic

quantities demanded in the U.S. and Canéda to aggregate demands.
It should be noted that the U.S.}Canadian tomato market is considered
closed in the sense that supplies préduced in the U.S, and Canada, and
exports to the U.S.-Canadian market5by Mexico are totally consumed
within the U.S. and Canada. This fs 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 practicaT
matter, since the Mexican origin accounts for greater than 95% of the .
exports., Secondiy, a minor amount of exports by the U.S. are shipped to
Europe. However, 98% of the exports have generally been to Canada, and
és 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



is pointed away from a particular variable, that variable is considered
predetermined or exogenous in the model. Groups of variables connected
by straight 1ines are considered simultaneously determined., Exogenous
variables that act as shifters in behavioral equations are omitted from
Figure 1.

u.s. Domestiqurodg§t1on

The sub-model of U.S. demestic production consists of three behavioral
‘equations explaining acres planted, acres harvested, and yield, and an
identity that defines total production as 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 avai]ab]é well in advance of the time when
actual production, consumption and tomato prices are known to producers.

It s hypothesized that the most important factors influencing the
number of acres planted include the expected price of tomatoes at harvest
fimes the risk of error associateﬁ with the price expectation, expected
yields per acre, the risk of error associated with the yjeld 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
occufing in acreage planted that were not represented by the aforementioned

explanatory variables. The acreage planted equation utilized was:




Figure 1. Simplified Structure of the Tomato Industry Model,

Acres Planted

Acres llarvested Yield

U.S. Quantity = ,
Produced

Total Supply in
U.S.-Canada
HMarket

Mexican Exports

\‘.r

Canadian Production[—

U.S. Price

Derived Canadian and
Mexican Price J

Total Demand

U.S5. - Canada

Canadian Domestic U.S. Domestic
Demand : Demand

NOTE: A straight line indicates simultancity, an arrow indicates causality
with reference to the industry model.




(1) Tn APTOM,

1

11,667 + 2,3458 (EPTOM,/CPDN, )
(65,95) (1.26) e

+ .0017833 EYIELD ,23016 PRISK
(2 29) (- 7).
- ]1507 YRISK -.0373 TIME,
+,016132 (DSP, ) 1 TIME, + ,023912 (0SM,) TIME,
(17 18) (20,30) '
+,0091826 (DFL,) TIME,
(13 78)

R® s 965  Estimation Method: OLS

Variable Definitions:

a)
b)

d)

e) |

APTOMt = acres of tomatoes planted in quarter t.

EPTOMt = ‘expected price'of tomatoeé.prevaiTing at harvest time t
in ¢/1b., defined as
3 ‘ 3 .
EPTOM z w PTOM , with ¢ W' =1, and PTOM
t " i=1 t-41 i=1 t
is the price of tomatoes in quarter t in ¢/1b. (w = .54369).
CPDP proxy for price of product1on 1nputs, index of prices paid

by farmers for production inputs 1967 average = 100.
PRISK,= risk of error in the]price expectation, defined in relative
terms as

PRISK, = ( z Ni(PTOMt_41—EPTOM )21/ 2epTom,

t-41i
EYIELD expected y1e1d of tomatoes in quarter t, defined as a
simple three year moving average of yields for the quarter.
YRISKt = risk of error in the yieid. expectation, defined in relative
terms as YRISKt = STDYt/EYIELDt, where STDYt is a three

year moving standard deyviation of yields for the quarter.
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g) DSP. = spring dummy variable, = 1 1f spring quarter, 0 otherwise,

it

h) / DSM_t summer dummy variable, = 1 if summer quarter, O otherwise,

n

i) DFLt fall dunmy variable, = 1 if fall quarter, 0 otherwise,
J)  TIME, = a quarterly time trend defined as = 60 1f te(1, 2, 3, 4);
= 61 1f te(5, 6, 7, 8)3 ...3 = 78 if te(73, 74, 75, 76),

Note that the values in parentheses ére the t values. The choice
of the semi-Togarithmic form of the model was motivated by the belief that
the change in the level of aggbagate acréage planted in response to
changes in the costs of production 1nputé, price and yield expectations,
and risk levels should depend on the Tevel of the aggregate operation
in a given quarter (e.g., the summer operation usually involves well
over four times the acreage planted in tﬁe winter, and it seems
unreasonable to presume that a unit change in expected price would
increase winter and summer planting by the same number of acres), The
specification results in the derivat%ves of APTOM with respect to
EPTOM/CPDN, PRISK, EYIELD, and YRISk being proportional to the level of
acreage planted, APTOMt. The price of production inputs proxy, CPDNt_1,
was specified in lagged form in aﬁ attempt to account for the.fact that
production costs associated with output in t dépends primarily on
inpuf 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 wifh 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.




Acres Harvested

. The level of acres haryvested is hypothesized to depend on the
actual price prevailing at the time of harvest, the costs of harvesting,
and the Tevel of acres planted. 1In additidn, a freeze in Texas in the
sgr1ng of 1960 and a severe freeze in Florida in the winter of 1977
affected the amount of acreage harvestable,

It is also hypothesized that the shart run supply elasticity of
tomato production is inelastic with respect to price and vjith respact te
costs of harvesting which implies that the elasticities of acres harvested
with respect to price and costs of harvesting ave also in the inelastic
range (note that the elasticity of quantity supplied is logically the-
sum of the elasticities with respect to acres harvested and with respect
to yield). The acres harvested equation Qtilized was:

(2) 1n AHTOMt = .14652 Tn PTOM

. - .13841 Tn CHARV,
(1.86) (-2.07)
+1.0245 Tn APTOM, - 04446 (FREEZE.) Tn APTOM,
~ (80.35) (-11.20)
xg =3.02 o =.03 r=.998

Estimétion Method: 2SLS-Mixed Estijpation
Definitions of Variables Not Previously Defined:

a) AHTOM,

!

acres harvested of tomatoes in quarter t.

1

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 quarter and 1977

winter quarter which seriously affected volume of harvest-

able acreage.



estimated standard ervror. The r refers to simple correlation between
the dependent variable and its prediction generated by equation (2). The
% refers to the proportion of the posterior precision of the mixed
estimator that is accounted for by the prior information, which in this
case consisted of two stochastic constraints on the elasticities of
AHTOM with respect to PTOM and CHARY (see Theil on the interpretation of
ep). The constraints were that the elasticities of AHTDM‘wﬁ;h respect
PTOM and with respect to CHARY were contained in the intervals EO, 1]
and [-1, 0], respectively, with probability ,95 in each case, ftoints in
the interval were considered equally 1ikely, and thus a uniform distribution
was used in reference to the disturbance terms of the stochastic constraints,
Estimated probability values associated -with the null hypotheses of
comhatibility of each stochastic constfaint with the sarple data resulted
in valué of4.§39 and .235, respectiveiy. The rather high probability
values Tend a fair amount of support to the null hypothesis of compatibility
between sample and prior constraints (see the appendix for a more detailed
description of the mixed estimatorfunder the uniformly distributed prior
stochastic constraint assumption). The XZ value associated with Theil's
test of compatibiXity 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 noi obtain. The XZ test would indicate compatibility of sample and
prior information at the standard .05 level.

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

empirical merits. Being in double Tog form, the short run elasticities



of AHTOM with respect to PTOM and CHARV are represented directly by the
estimated coefficients .146 and -,138, respectively.
Yield

There are three major factors that ultimately affect the yield
forthcoming from acres harvested, The initial decision concerning
seeding rates, and cultivatioen practices including fertilizing, application
of herbicides, and pruning and training represent the capital investment
5n the production ynit., The foregoing activities occur for the most
part prior to initial harvesting, and thus decisions regarding these
practices are based on expectations’of market conditions during the
harvest period.

A second major factor determining yields is a decision regarding
tbe.intensity of the harvest, Tomatoes must bge harvested continually as
they mature, although as harvesting pfogresses, yields per harvest
eventually decline, The actual pricé at harvest time and harvesting
coéts would seem to significantly influence the intensity of the harvest.

Finally, weather has a substantial effect on the potentiail yié]d
from harvested acreage. The tomafé 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
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 harQesting 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.




In addition, winter freezes in Florida significantly reduced yields in

1970 and 1977, and a dummy variable representing these quarters was
included, Also, exceptional weather conditions resulted in an extremely

Targe crop in the winter of 1975 (310 cwt per acre). A dummy variable

. to account for this exceptional phenomenon was also included in the

specification, Finally, a spring quarter dummy variable was useful in

interaction with the past Tevel of yield (summer and fall dummy variables

’were'algo initially utilized, but were found not to be significant).

It was also hypothesized that the short run elasticities of yield
with respect to PTOM and CHARY would be inelastic, in keeping with the
previoug hypothesis that quantity supplied in the short run is inelastic
with respect to these variables, The yield equation utilized was:

(3) 1n YIELD, = 2.1978 + .22575 Tn PTOM
: (4.16)  (1.93)

+ .41213 1n EPTOM, ~ .053824 1n PRISK

£ - 47797 1n CHARVt
(-3.87)

(2.78) t (-1.60) t
: ¢ (,69167 - 06739 FIAFREZ, - .014018 DSP.) Tn YIELD, ,
(7.76)  (-5.10) (-1.98) ,
+ 40759 Dy
X% = 984 0. = .034 r=.919

p
Estimation Method: 25LS-Mixed Estimation

Definitions of Variables Not Previously Defined:

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

b) FLAFREZt= Florida Freeze, = 1 in winter quarters of 1970 and 1977, /
= 0 elsewhere.

c) vD75wINT = dummy for exceptionally good weather resulting in heaviest
yields on record in winter of 1975, = 1 in winter of

1975, = 0 elsewhere.
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As before, values in parentheses are ratios of coefficients to their
estimated standard errors, 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
prior information, which consisted of two stochastic constraints on the
PfOM and CHARV elasticities, As before, the elastigities were constrained
to the intervals [0, 1] ahd [<1, 0], respectively, with prior probability
.95 derived from the uniform distribution, The probability values
associated with the hypotheses of inelasticity were ,295 énd 694,
respectively, indicating strong support for the hypothesis (again, see
appendix for further details).

Since the yield equation was specified in double logarithmic form,
elasticities are equal to estimated coefficients. The short run elasticity
of yie1d with respect to PTOM was .226, with respect to CHARV it was - .
478, with respect to EPTOM it was .412, and with respect to PRISK it
was -.054,

Quantity Supplied

Aggregate domestic quantity Q? 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)(.OOOOO1)

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.,
(3QSTOMUS/aX) (X/QSTOMUS) = (BAHARV/aX) (X/AHARV) + (SYIELD/aX)(X/YIELD)),

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



Mexican Supply for Export

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 doméstié market, The data
available for Mexico allowed only a simplistic modeling of the amount
'supp]ied to the U.§.-Canadian market.

Given the behavior of CAADES in determining Mexican supply for
expért (see previous discussion of Mexican supply for export and CAADES)
it was hypothesized that the quantity of tomatoes exported to the
U.S.-Canadian market would depend on the previous export level iﬁ the
quarter (representing previous excess demand in the U.S5.-Canadian
Market met by'Mexican supplies), the previous level of price received
by Mexican growers supplying the U.S.-Canadian market in the quarter, anq
the price received by Mexican growers;at the time of harvest. The first
two variables pertain to informationf%g%evant for the setting of goals
for production.  The third variable:'is relevant for decisions regarding
what percentage of supplies avagilable is to be diverted to the export
market. Prices were deflated by ah index of prices paid to farmers for
commodfties 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" phenomen?% utilized in decisions concerning «//
Tevel 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 advaﬁtage (winter-spring) and least advantage (summer-fall).

The final equation utilized was:




(5)

Tn MEXEXP, = 1.3066 - 1,1752/PMX,
(4.06) (-3.64)

+ ,58058 Tn PMX + ,4995 Tn MEXEXP

(1.98) b4 (5.00) t-4
Z] 2574 DSMFL
= ,959 ~ Estimation Method: 25LS

Definitions of Variables not Previous1y Defined;

a)

)

o

MEXEXP, = the Tevel of Mexican exports to the U.S.-Candian Market,
fn million cwt. - *

PMXt = the relative Mexican pricé, defined as
PMX, = (PTOMt - USTARIFFt)EXCHRATEEEX + MXPPIND, .

Where:

USTARIFFt = the most favored nation U.S. tariff rate on
tomatoes in quarter t, in ¢/1b.

EXCHRATELCY exchange rate PESOS/U.S. DOLLARS.

MPPINDt = prices paid to;farmers for commodities sold,
Mexico city, f970 = 100. Note, this is an annual
index that cou1d not be obtained on a quarter1y
basis. Each quarter was assigned the appropriate
annual value of the index.

DSMFL ¢ = 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 the dependent variable. Note that the functional form

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

relative Mexican price, and the summer-fall dummy variable. Entering a




dummy variable in this way allows a shfft in the entire surface implied
by (5), and in fact the shift is estimated to be downward in the summer-
fall quarters. The use of the reciprical of PMX, in equation (5) implies
the notion of an asymptotic Jevel for the response suyrface, i.e., as
PMX,, increases, the functional form would be consistent with the notion
that 811 of what was planned to be exported to the U.5.~Canadian market
js in fact exported (see Johnston, Chapter two, for additional details
on this functional form). ﬂ

The short run elasticity with respect to lagged relative Mggic@n
price was estimated to be .581, The short run elasticity with respect
to the current relative Mexican price wés estimated to be ,98] at the
mean level of the data.

Demand in the U.S.-Canadian Market

U.S. Domestic Demand

A rather simplistic view of the/domestic demand for fresh tomatoes
waé taken in specifying the behavioral eqhation. It was hypothesized
that the domestic percapita demand for tomatoes at the farm level was a
function of the price of tomatoes; per capita disposable income, and
}astes 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 disposahle 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




were constrained to be in the intervals [-1, 0] and [0, 1] respectively,

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

error terms of thesa stochastic constraints, In addition, Shiller's

method was used to impose the hypothesis of smoothing declining weights

on successive Tags of per capita consumption which was included in the

equation fo proxy tastes and habits, The rationale and method for

deriving the stochastic constraint for imposition of Shiller's method 1s

identical to the one used by Hammig and Mittelhammer, and is not repeated

here, It should be noted, however, that in the case at hand, the uni%orm

distribution again was utilized for the disturbance term of the §tochastic

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

Mittelhammer),

The final equation utilized was:

(6) QDTOMUSt/POPUSt = ,0022641 -.00049959 PTOMt/CPIUSt

(.89) (-gLOB)

+ .0022453 INCUS/(CPIUS, - POPUS,) + .47619 QDTOMUS, _,
(2.68) (4.88)
POPUS, , + .27027 QDTOMUS, ./POPUS, . + .74316 QDTOMUS
t-4  (3.06) t-8 t-8  (y.49)
POPUS, 1,
W2 = 2.48 0, = .08 = .958

Estimation Method: 2SLS-Mixed Estimation

Defintions of Variables Not Previously Defined

a)

b)
c)
d)

QPTOMUSt

POPUS,
CPIUS,
INCUS,

1

2t

n

1

aggregate domestic quantity demanded in the U.S., in
millions of cwts.

population of the U.S., in millions.

consumer price index in the U.S., 1967 average = 1.00.
aggregate disposable income in the U.S., in billions of

dollars, seasonally adjusted annual rates.

/

t-12/




[

Numbers in parentheses, Xz, op, and r are 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,

Tending significant support to the hypotheses, The hypothesis of

‘smooth1y declining weights on the lagged per capita consumption variables

imposed by Shiller's method had a probability value of ,672, lending
strong support to the hypothesis, As a point of reference, Theil's
xz—test of compatibility would indicate'compgtibility of sample and
prior information at the .05 Tevel,

Price and income elasticities were calculated at the mean level of
the data. They were found to be -.181 and .219, respectively. Aggregate
domestic quantity demanded was found by'mult%p1ying the dependent variable

in (6) by POPUSt.

Canadian pemand

The specification of the Canadién per capita demand curve was
similar to the demand curve for the;U.S. However, only per capita
consumption lagged four quarters wgé included in the equation to represent
tastes and habits since quantity Tagged eight and twelve quarfers did
nbt 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 respecf to price and income were constrained
to.be in the range [-1, 0] and [0, 1] with probability .95. As before,
the disturbance terms of the stcchastic constraints were generated from
uniform prior distributions,

The final equation utilized was:




(7) QDTOMCANt/POPCANt = ,0012331 -.030006 PCANt/CPICANt

(.42)  (-1.58)
+ .soag)INCCANt/(CPICANt + POPCAN, )

+ .91765 QDTOMCAN, ,/POPCAN

(30.49) t-4 t-4
8332 o =03 p= 963
Estimation Method: 28LS-Mixed Estimatien.

Definitions of Variables not Previously Defined:

a) QDTOMCANt = aggregate Canadian demand for tomatoes, in millions

b)  POPCAN,
c) PCANt

d)  CPICAN,
e)  INCCAN,

n

of cwts.
population of Canada in millions.

Canadian price of tomatoes, defined as

CAN

PCANt = (PTOMt . EXCHRATEUS

) - CANTARIFFt
where
CANTARIFF, = the Cénadjan Tariff on imports of fresh

tomatoeé, in ¢/1b. {(Canadian)
CAN_

'EXCHRATEUS = the Canadian/U.S.  exchange rate in §

Canadfan/$ U.s.
Canadian consumer price index, with 1971 AUG = 100,
Quarterly Canadian disposable income, in billions of

dollars (Canadian).

- Numbers in parentheses, XZ, ep and r are as previously defined. The

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

2

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

information at the .05 level.




i3

Price and income elasticities were calculated at the mean Tevel of
the data, They were found to be -,104 and ,150, respectively,
Aggregate quantity demanded in Canada was found by multiplying the
dependent variable in (7) by POPCAN,
Equilibrium of Quantity Flow

}An identity was used to define equilibrium between total gquantity
supplied and total quantity demanded in the U,S$.~Canadian market, as
follaws; _

(8) QDTOMUSt + QDTQMCANt = QSTOMUSt + QSTOMCANt + MEXEXPt
1. Model Simulation

Goodness of Fit

The set of six behavioré1 equationé and four identities was solved
simultaneously using the Gauss-Seidel iterative method for solving sets
of ﬁon]inear and linear equations. The model was evaluated fn terms of
its performance in generating one-stgﬁ ahead (short-run) predictions
and in generating a long run series of predictigns during the 1960-1978
historical period. In the former evaluation, actual historical values for
all lagged endogenous variables as/we11 as for all exogenous variabies
are used in.obtaining solutions (predictions) for the 1960-1978 period.
In the latter evaluation, 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 remaining
sotutions (predictions) use the appropriate solution (prediction) values
for lagged endogonous variables generated internally by the model.

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

Tong run evaluations, It should be noted that the rather large mean




Table 1. Goodness of Fit Measures in Simulation, 1960-1978.

in

Short Run Predictive Performancel/

Mean Percent Mean Absolute Y vs, Y-HAT Theil U
Error Percent Error Correlation Statistic
APTOM " ~,663 - 8,555 S .980 210
AHTOM ~,958 8,167 ‘ _982 194
YIELD - .625 6.865 ‘ 924 .436
QSTOMUS - =1.137 8,229 « 979 205
MEXEXP -16.975 40,854 957 . 332
QOTOMUS ~,083 6,377 957 . 308
QDTOMCAN -.437 8,741 _ ,963 208
PTOM ~2.618 14,233 " ,880 . 1,225

Long Run Predictive Performanceg/

Mean Percent Mean Absolute ]‘\ Y vs. Y-HAT Theil U

Error Percent Error . Correlation Statistic
APTOM } -1.163 9.153 ; .980 L2101
AHTOM -1.344 8.696 ; .981 .203
YIELD -1.607 8.882 ; .368 : .507
QSTOMUS ~-2.596 11.201 ; .961 .287
MEXEXP -13.890 39.633 ‘ .951 .357
QDTOMUS -1.100 10.015 . .899 L445
QDTOMCAN 1.734 8.830 : .968 217

PTOM -1.363 12.717 910 1.067

1/Solutwns obtained by utilizing actual historical data on all 1agged
endogenous and exogenous variables.

g/So1utions obtained by utilizing actual historical data on exogenous
variables, and internally generated values for lagged endogenous variables.




absolute precent error in predicting Mexican experts is primarily due to
large relative errors in predicting the summer and fall quarters, As a
practical matter, the errors in these quarters, though large relative to
the actual level of exports, amount to very 1ittle in nominal terms,
Exports in winter and spring are for the most part in the 1.5 te 4
million cwt, range, In summer and fall, exports are generally much less
than .4 mi1lion cwt,

" It should be noted that for the purposes of simulation under altern~
ative scenarios,the Tong run predictive performance of th; model is most

relevant in assessing goodness of fit.

Simulation Under Alternative Tariff Strﬁctures

In this éectiﬁn two alternative U.S. Tariff structures are compared with
the actual historical situation during the period 1960-1978 (the simulation
of fhe actual historical situation during this period will henceforth be
denoted as the baseline solution). Ih one alternative, the U.S. Tariff
is eliminated entirely, with all else being as it was in history, In
the other alternative, the U.S, Tariff is doubled as compared to-its
historical values.

Dfscussion of all simulations is concentrated in the winter and spring
quarters, as this is the period of significant activity by Mexico in
the U.5.-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.$ quantity demanded, U.S.

price, and acreage planted are specifically examined.




Acreage Planted

~ As expected, when the tariff is eliminated, acreage planted in the
winter is reduced relative to the baseline as more Mexican imports enter
the market. However, the magnitude of the reduction 1s somewhat less
than startling, The reductien in 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 protection
of domestic growers from Mexiean competition is 1ncreasad,'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,

Corresponding figures for the spring quarter are a 4.5% decline in
acreage planted when the tariff is eliminated, and a 3.2% increase in
acreage planted when the tariff is doubled,

Time paths of the simulated va]ues‘of acreage planted under the altern-
ative tariff structures are illustrated in graphs 1 and 2.

U.S. Quantity Supplied

U.S. quantity supplied is significantly affected by changes in the
tariff structure both in the wintet/and in the spring quarters. Elimination
of the tariff results in a 23.8% reduction in aggregate quantity supplied
in the‘winter? and a reduction of 17.9% in the spring for the 1960-1978
period. Doubling 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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U.S, Quantity Domanded

The U.S. quantity demanded of fresh tomatoes is moderately affected
by changes in the tariff structura.. Elimination of the tariff increases
aggregate quantity demanded over the 19 year period by 9.2% in the
winter, and by 5.8% in the spring. Doubling the tariff depresses aggregate
quantity demanded by 8.4% in the winter and 4.4% in the spring.

‘Time paths for simulated quantities demanded over the historical
period under the various tariff structufes are given in graphs & and @,

T

U.8. Tomato Price

The U.S. tomato price appears to be moderately affected by changes
in the tariff structure, Comparing 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
qudrters, 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 (def1ated by CPI) demand prices and supply
prices were also calculated for thé historical period 1960-1978. The
direction and magnjtudes of the changes in the weighted average prices
parallels the changes in the simﬁ]e average price. The percentage changes
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



U.S, Quantity Demanded

The U.S. quantity demanded of fresh tomatoes is moderately affected
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% in the spring. Doubling the tariff depresses aggregate
qﬁant?ty demanded by 8.4% in the winter and 4.4% in the spring,

Time paths for simulated quantities demanded over the historical
period under the various tariff structures are given in graphs & and 6.

U.S, Tomate Price

The U.S. tomato price appears to be moderately affected by changes
in the tariff structure. Comparing simple averages of prices during the
historical period, it was found that thé elimination of the tariff
reduces average tomato prices by 6.0% and 5.1% in the winter and spring
quarters, 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 (def]ated by CPI) demand prices and supply
prices were also calculated for the historica1vperiod 1960-1978. The
direction and magnitudes of the cHanges in the weighted gverage prices
parallels the changes in the simpie average price. The percentage changes
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




™

Table 2, Summary of Aggregate Changes from Baseline for Selected
SimuTated Variables, 1960-1978 Period,

 Tariff £1iminated Tariff Doubled
Winter  Spring Winter  Spring
Acres Planted , 6,9%+ 4,5%4 5.1%+ 3.2%4
.S, Quantity Supplied 23,8%¢ 17.9%4+ 19,6%4 14.4%¢
U.S. Quantity Demanded 9,2%¢+ 5,8%4+ 8,4%4 4.4%4
AVG U.S. Tomato Price & 6.0+ 5% 5,6%4 4.0%+
Wt. AVG Real Demand Priceéy 6,2%¢+ 5, 7%+ 5.7%4 4.2%4%

Wt. AVG Real Supply Price 5,9%+ 4,8%+ 6,0%¢+ 5.1%4

3/The average U.S, Tomato price is a simple average of 19 quarters,

| Q/U.S. Quantity demanded-weighted average of price deflated by
consumer price index for appropriate quarters in 1960-1978,

S:——/U.S. Quantity supplied-weighted éVerage of price deflated by
consumer price index for appropriate quarters in 1960-1978,
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somewhat the contgntion‘by domestic growers that Mexican competition is
substantial in the winter and spring 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 increase Mexican
1mpokts resulting in a moderate decline in prices (as judged by the
simple and weighted average of prices over the period) and a moderate
increase fin aggregate quantity consumed, Thys there is a ﬂoteworthy
penalty to consumers in terms of prices baid and quantity consumed for
maintaining the tariff structure.

Ultimately, the advisability of maintaining the tariff structure
depends on values placed on the protection of the domestic industry and
the welfare of the consumer, an argumeht which will not be examined in
this paber. It is sufficient to notefthat judging by simulations under
alternative tariff structures, Mexi;én competition is formidable, but
manipulatable.

Simulation Under Quota

In this section two a1ternat%ve restrictions on quantity of fresh
tomatoesHimported are examined. In one alternative, imports to the
U.S. are resirfcted to 10% of domestic U.S. production, and the tariff
is eliminated. In the other alternative, all imports to U.S. and
Canada éye barred. The latter simulation represents a situatioﬁ where
Mexico is effectively removed from the U.S.-Canadian tomato market.
As before, discussion is 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 specifically examined.



The directions of changes in the variables indiced by the two induced
import restrictions are generally identical, and differ only in magnitude,
As one would expect, eliminating all imports produces more vielent
changes in the variables than does imposing the U.S, 10% of production
quota, Any specific comments on the time paths of change are concentrated
on the polar case of the complete ban on imports,

Acres Planted

Import restrictions have only a small effaect on acres planted in
the spring, increasing aggregate acres for 1960-1978 by 2.8% when all
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 acreage is increased 10.8% and 7.7%
for the import ban and 10% quota, respectively.

Time paths for the simulated vgfiab1es are illustrated in graphs
9 and 10. Notice that complete e1iﬁination of the Mexican supply source
results in more violent disruptions‘in acres planted over time when there
are exogenous shocks to the system}as compared to the baseline solutions.
This is especially evident in gr&ph 10 for the sping quarter; where 1in
the first year (1960), a freeze éaused 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,

Domestic quantity supplied is substantively affected by restictions
on imports. In the winter quarters, aggregate quantity supplied during

1960-1978 1s increased by 47.0% and 33.2% under the ban and 10% quota,
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respectively. The corresponding figures 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 1} 111Qstrates that in the absense
- of Mexican imports, disruptions in quantities supplied during the 1970
to 1978 period induced by the freezes in 1970 and 1977, and the exceptionally
‘good harvest of 1975 are accentusted, A similar pattern emerges following
the spring freeze in 1960, It is also useful te notice that the impart
ban induces a steady expansion of quant%ty supplied in the spring quarters
ffom 1968 forward, a time when historically the Mexican penetration into.
the U.S.-Canadian market was substantiq]iy increased,

U.S. Quantity Demanded

Aggregate consumption of fresh tomatoes is shapply reduced over
the 1950-1978 period when import restfictions are applied, In the winter
quarter consumption was rediced by 25.6% and 22.5% for the complete
ban ané 10% quota, respectively. In the spring quarter consumptiqn was
veduced by 15.2% and 9.1%, respectively.

The time paths of the simu]aéed variables are illustrated 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

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

tomato prices. 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, priceé are
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increased 14.1% and 7.2%, respectively. Similar patterns are evident
in the quantity demanded and quantity supplied weighted average real
prices for 1960-1978 period, These latter averages are displayed

in Table 3.

The time path for simulated prices are illustrated in graphs 15
and 16, It is seen that the absence of Mexican imports cause a substantial
amplification in price savings induced by the 1970 and 1977 freeze swings
and 1975 exceptional harvest in the winter quarters, and by the 1960
freeze in the spring quarter,

Comments

The absence of Mexican exports to the U.S.-Canadian market results
in greater instability in prices and dqmestic consumption, and results
in substantially higher prices paid for fresh tomatoes in the winter and’
spring quarters (as judged by simple;énd weighted average real prices)
than when Mexican supply is available, Thus, from the standpoint of
the tomato consdmer, the participap%on of Mexiéo in the winter-spring /
tomato market provides the benefit of more stable prices coupled
with the opportunity for more stab1§ consumption patterns in the
quarters.

On fhe other hand, participation of Mexican growers in the U.S.-Canadian
tomato market significantly reduces the ability of the market to compensate
producers with higher prices when domestic quantity supplied is uncontro11ab1y
restricted, In addition, potential expansion of the productive capability
of the domestic tomato industry appears to have been substantially muted

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

10% of U.S., Production  Ho Imports to
Quota, ... M.3-Canada

Winter  Spring  Winter  Spring -

Acres Planted T 0% T, Bk 2.8
U.S. Quantity Supplied 33,2%4 6.7%+ 47,0%4 22.0%4
U.S. Quantity Demandeq 22,5%¢ 9.1%+ 29.6%+ 16.,2%+
Avg. U.S, Tomto PPiﬁE“/ 2/ 25,1%+ 7.2%4 29,8%4 14,1%4+
Wt, Avg, Real Demand Priceﬁa 17.0%+ . 7.6%+ 21, 1% 12.3%+
Wt, Avg, Real Supply Price=x 18.6%4+ 9.,4%¢ 26,2%% 14, 5%+

l/The average U.S. Tomato price is'a simple average 19 quarters.

g/U.S. Quantity demanded-weighted average of price deflated by
consumer price index for appropriate quarters in 1960-1678.

' §/U.S. Quantity supplied-weighted average of price deflated by
consumer price index for appropriate guarters in 1960-1978.
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V. Concluding Remarks

vy o

The main objective of this paper was to pravide a quantitative
perspective on the importance of Mexico in influencing prices and quantities
in the U.S. fresh tomato industry, It was found that the Mexican influence,
especia11y on prices, domestic quantities supplied and domestic quantities
demanded, and especially in the winter quarter, was substantial, It
was also found that the degree of competition was sensitive to the
tariff rate, and that the cuprent tariff provides subpstantial, protection ,
of domestic growers~ consistent with conjectures.

The Mexican supply has acted as a buffer against violent fluctuations
in prices and quantities in times when the domestic crop was sevgrely
restricted due to weather conditions, jThe buffer effect also prevented
the-market from stapalizing revenue to domestic producers in times of
short supply. |

Agtitudes towards Mexicanqcompeiition in the U.S. fresh tomato
industry must ultimately be ﬁgﬁed w%th benefits to consumers and costs
to producers in mind. The simu1ap%on model indicates that policy instruments
are available which can significantly 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‘impfove 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.



Differentiation of the relationships by quarters in terms of slope
shifting (perhaps seperate equation estimation) and by regions may
improve the modeling of domestic supply response. Finally, expansion
of the model te include substitutes on the supply side could prove

to be usefyl,
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Appendix:  Mixed Jistimation Using Unifoimly Distributed

B s s A B 2 B

Prior Stochastic Constraints

Mixed estimation is a method for dériving an estimate of tho

unknown parameter vector p in the lincar model
(A1) y = %8 +u
that is subjoct to the stochastic constraints
(A.2) =RV '
(sce Theil for details concerning tha basic mixed estimator), = The
" constraints (A,2) are often generated by the rescarcher in a subjective
manner, represeﬁting a distillation of commodity specialist opinion,
introspection, and the results of past studies,

| To the authors' knowledge, all thé empirical applications of the
technique have assumed normality of the disturbance term V, as well
as normality of u. Unfortunately; for certain applications, the use of
the normality assumption may imply more prior information about the
linear combinations RR than the rgsearcher is comfortably williﬂé to
admit, For example, if a reseérchcr is willing to bet 19:1 that a
given cocfficient ge[0, 1], he might represent this prior information
as
(A.3) .5 =
with
(A.4) V ~ N (Q, .065077)
This then implics a 95% confidence interval in the usual sense utilizing

the pivotal qﬂnntity



(A.5) e N(O, 1),
(.2551)

defining the probability statement

5o« R
(A.6) Pr[-1,96 € ———emmr- < 1,96] = ,05,
(.2551)

and pivoting to obtain
(A.7) Pri0 S8 2 1] = .95,

However, following this example, the assumption of normality'also
implies, among other things, that the resecarcher is willing to bet
approximately 2:1 that ge[.25, .75], something he may be uncomfortable
about doing. The point is, another distribution - the uniform distribu-
tion, may be more useful in that it assigns equal probability to all
equal-length subintervals in the doméin of definition of the uniform
density. Thus, for example, a researcher can adequately incorporate
information such as the prior notion that an income elasticity is in
the inelastic range [0, 1}, without incorporating any additional
information concerning differing probabilities of various equal-length
subintervals in the [0, 1] ranée.

Unfortunately, once the assumption that V is normally distributed
is removed, the mixed estimator is no longer normally distributed, and
the convenient and familiar normal 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 distribution of the mixed cstimator when the
stochastic constraints are associated with independent uniform distribu-

tions. We concentrate initially on the relevant theory for cases in



Al

which OLS can be applied to the general lincar model, Iixtensions to

2SLS are straightforward resulting in the same [inal conclusions,
The standard formula for the mixed estimator is

IR)—l(o-Z

which in view of (A,1) and (A.2) can be rewritten as

(A.8) 8= (o hxx + R x*y + Ry tr)

lal

(A.9) B

It

g + A + BV
where it is assumed that

Eup” = 021, Eu = 0, | ,

1

EVW = v, BV =0,

[}

and EuV”® = 0,

Thus from (A.9) it is seen that é is aslinear combination of entries in

the normally distributed vector u and the«uniformly distributed vgctor

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

but the distribution involves integrais that do not exist in closed

form. Numerical integration of the‘éxpressions becomes infeasible for

even a moderate number of entries in the V vector (details are available

from the authors). /‘ |
However, there are uscful regults that can be derived cohéerning

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

univariate tests of capatibility between sample information and prior

constraint. These topics are examined in turn.

Probability Values Associated with Standard t tests as Upper Bounds

In this section, we prove that the probability value associated
with the conventional asymptotic t-test of significance asymptotically
forms an upper bound to the true probability value associated with the

null nypothesis By = 0 when £y is the mixed estimator combining normally



4]

[hl

distributed sample infoonation and uniformly distributed prior inform-
ation, Thus, if a cocfficient is signficant at the a-level of type I

error using the conventional t-test, it is significant at the k < ¢

level of type I error in actuality (asymptotically),

We actually prove the result for the simplest case where j, the
number of prior constraints, is one, The extension to the case j » 1 is
an obvious extension of the proof for j = 1.

¥

Proof';

Examine a linear combination of the entries in the random vector
(B -~ B).
(A.10)  Cif8 - 8)

Ci‘Au + Ci“BV

i

Uy + V,
and let Ci be a (K x 1) column vector of zeros except for a 1 in the ith
position, and thus u* is a normally @istributed scalar random vagiable
with'mean zero and variancg ozaij aiL where ay is the ith row of A. The
variable V, is a uniformly distribqéed random variate, since Ci“B =
B:s the ith entry in the B Vector{fand a scalar times a uniformly
distributed random Variate is itsélf distributed uniformly. Examine the
ratio

| Cit(8 - 6)
(A11) R = EZETXTTEiii/Z ,

where R, denotes the fact that V, is distributed uniformly, and the

probability statement

. Ci“(8 - p)
A,12 Pr-K g ===y 5 < K]
cia et =




o

Pr[=1<<{1,,+{‘r sx]

~ -~

[Ku*,V K-u,]

it

By [0,(6 - 0g) = 8 K - Uy)]

where EG denotes the expectation taken with respect to the normal
i

distribution of &*, @uC~) refers to the cumulative distribution function
of the uniformly distributed random variable §ﬁ, and &5 and V, are

~

proportional to u, and V,, It is clear ghaf

m K - U*
| N ST .
(A13) B e, (K - uy) =fm T () (Vo) Vol

where I(a b)(ﬁ*) is the indicator function (see Mood, Graybill, §& Boes).
,

Cgmpare the value of E&*¢u(hru*) to

4.2 v 2
.__:3__ Y&
~1/2 o, -1/2 -
) P . / * K—ul* ((b a)z)
(A.14) E{lﬂ @n(K’U*) = VR e‘ S e
u* i ZTT(VTZ-') ~
oo dV*du*

where @n(-) denotes the cumulative normal distribution with Ev=0 and EV2=

(b—a)z/lz. It is obvious that

| V2
/2
¢ o S (b-a)"/12
A1) | pg Tep O Ve o 2 —f55 © v,
[e} Q

for any 8§ > o, and since * (o) =% (o) = .5, and since the maximum valuc

of N(O, o ) occurs at zero (which is associated with K- u* =K>0), 1

o follows taat




B =R

(A.10) hu* o, (K-uy) > hu* b (K-ug)
An analogous argument shows that

(A.17) Eﬁ* @u[~K~u*) < EG* @n(~K~u*)

whence it follows immediately that

(A.18) Pri-K < R, < K] »>Pr[-K ¢ R, < K]

s

where I% is the ratio in (A,11), but assuming a normal distribution

for V.

A

Standard asymptotically valid t-ratios, R , are formed by substituting

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

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

relationship between probability values under the null hypothesis
. [¢)

(M.39)  PriR,[ > K} < PrlR | > K].

Univariate Compatibility Tests

A test of compatibility between a uniformly distributed stochastic
constraint and sample information can be based on the standard probability
value concept. The point estimate of Rg generated by least squares applied
to sample information is simply Rb, and is distributed normally, with
mean Rp and variance ozR(x’x)ﬂ](‘, where it is assumed nere that R
is a row vector of constrants and u is normnliy distributed. The
prior point c$timute of Rg is r, and is distributed uniformly, and under
ue null hypothesis has expectation Rp.  Define the difference between

the sample and prior point cstimate of Rg as




. P

ResV - Rg - R(x“x) Fxeu
v - R(x’x)"lx‘u

(A.20) d

f

r - Rb

=V - uy

under the null hypothesis of compatibility (i.e., Er = Iikb = Rg),

' where u, ~ N(Q, azR(x’xjﬂlR‘) , and V is uniformly distributed with mean

zero, The two-sided probability value associated with having observed

& value of d = ¢ under the null hypothesis is

i

(A.21)  Prlld]| » €] =1~ Pr[-£ <d <¢]

1 - Prl-£ <V - uy < £]

1

1-Prl-£+V<u,<g+V]
The probability value can then be calculated via a rather straight-

forward numerical integration of

2

, u,
(S e 126
(A.ZZ) 1 "j b-a I(a,b) (V) f —27”“6“*‘8 u 4

Since %, 2 o UZR(X'X)-IR’iS genérally unknown because o> is unknown,
. 4

- consistent estimates of the probability values must be obtained by

subsituting a consistent estimate of oi in (A.22). The test is then
' ES
performed with reference to a critical level of the probability value,

traditionally .05,
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