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factors affecting the Mexican import demand for different groups
of U.S. pesticides.

The specific objectives of this study are:

(a) to describe the more relevant market characteristics for pesticides in the U.S. and Mexico; (b) to identify the major consumers

of different groups of pesticides in Mexico in terms of crops and
regions; (c) to review Mexican agricultural policy in its histori-

cal perspective and its effect on the pattern of consumption of
pesticides in the country; (d) to construct and estimate an econo-

metric model for different groups of pesticides in which the major
factors affecting the import demand can be determined and quantitatively evaluated.

A single equation model for import demand for different
groups of pesticides has been formulated.

nique is ordinary least square (OLS).

The estimation tech-

The quantity demanded by

importers in case of insecticides is expressed as a function
of the average import price of insecticides, the export price

of cotton, the quantity of insecticides imported from countries
other than the U.S., the domestic production for insecticides,
the fertilizer price, the foreign exchange reserve, a dummy vari-

able (associated with insecticides regulation in Mexico) and the
time trend.

For herbicides and fungicides the quantity of import demanded
is expressed as a function of the average import price of herbicides-fungicides, the quantity of herbicides-fungicides imported
from countries other than the U.S., the domestic production of
herbicides, agricultural price index, the foreign exchange reserve,
a dummy variable and the time trend.

In the case of insecticides and herbicides, the estimated coefficients for most of the variables are consistent with a priori
expectations.

For fungicides, the estimated model did not provide

satisfactory results with regard to the expected sign for the estimated coefficients.

In the case of insecticides, the estimated import demand

elasticity with respect to the price ratio (.) was estimated
to be -0.89.

This indicates that a one percent increase in the

price ratio decreases imports of insecticides by 0.89 percent.

For herbicides, the calculated import demand elasticity (using
the mean values of the variables) with respect to price is -1.68.

This suggests that a one percent increase in the import prices
of herbicides will cause a decrease in the Mexican import of
herbicides of 1.68 percent.
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An Econometric Analysis of the Mexican
Import Demand for U.S. Pesticide

CHAPTER I

INTRODUCTION

The world demand for pesticides can be divided into two cate(1) industrialized countries using 80 percent of the total

gories:

pesticide usage in terms of value; and (2) developing countries
utilizing 20 percent.

The demand for pesticides in developing

countries has been increased substantially in recent years.

Latin

America is the most important market among developing countesrpresently consuming over 9.3 percent of world usage of pesticides
by value.

This amount is expected to rise to around 15 percent

within a decade.

The most important markets in Latin America are

Brazil with over 40 percent of the total Latin American pesticide
usage, Mexico with 11 percent, followed by Argentina and Colombia.
The total world yield lost (including post-harvest storage
losses) by pest infestation of various kinds is estimated to be
between 33 percent and 40 percent of the total.

The highest

levels of loss are in Asia and Africa with overall losses in
Latin America around 33 percent (Information Research Limited,
1981).

The most seriously affected crops in Latin America are

cocoa, coffee, cotton, sugar cane, root crops and maize.

The Food

and Agriculture Organization (FAO) has estimated that 50 percent of
cotton production in developing countries would be destroyed without
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the use of insecticides (Ware, 1983).

As a general rule throughout

the developing world, countries give first priority to the production of export crops.

Latin America is particularly important as

a world producer of coffee, cotton, bananas, sugar, cocoa and various root crops.

Cotton is the most important crop in the overall

pesticide market in Latin America.

Another point is that as much

as 56 percent of the world's population is undernourished.

The

situation is worse in developing countries, where 79 percent of the
inhabitants are undernourished.

This situation accompanied by ex-

plosive population growth rates in developing countries has resulted
in various suggestions by some of the international organizations
(for example, FAO) that increased usage of agricultural chemicals is necessary for feeding the extra population and improving
current diets in developing countries.

It would be inaccurate to

claim that the chief constraints on production are pests; many other
important factors are involved.
are subsistence farmers.

But the majority of small farmers

They and their families live on what

they can annually harvest and store.

Pre- and post-harvest losses

due to pests often cripple the farmers.

Pesticides in Latin America come from two different sources:
domestic production and imports.

There are several types of compan-

ies concerned with the pesticides industry in the region with the
greatest concentration in Brazil, Mexico and Argentina.

The major ob-

jective of this study is to find out what factors affect import demand for different groups of pesticides in Latin America.

Since the
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underlying factors affecting import demand are basically the same
as for domestic demand, there is a hope that estimating import de-

mand will be helpful for overall understanding of the factors
affecting consumption of pesticides (insecticides, herbicides,
fungicides) in Latin America.

In order to investigate the issue,

the single case "Mexico" has been selected.

This selection was

made because of the relative availability of data.

Mexico also

provides an example of relatively rapid economic growth on the one
hand, and of inequality in the distribution of income on the other.

Furthermore, its population growth--as high as 3.5 percent per
annum--typifies most developing countries.

Since the U.S. is the

major exporter of pesticides to Mexico, the emphasis of this study
will be on the Mexican import demand for different groups of pesticides from the U.S.

Obj ectives

In general, this study attempts to improve understanding of
the factors affecting the Mexican import demand for different
groups of U.S. pesticides (insecticides, herbicides, fungicides).
Specifically the objectives are:

to describe the more relevant market characteristics for pesticides in the U.S. and Mexico;
to identify the major consumers of different groups of pesti-

cides in Mexico in terms of crops and regions;
to review Mexican agricultural policy in its historical perspective and its effect on the pattern of consumption of pesticides
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in the country;
4.

to construct and estimate an econometric model for different
groups of pesticides in which the major factors affecting the
import demand can be determined and quantitatively evaluated.

Pesticide Definition

The term pesticides is an all-inclusive but nondescript word
meaning "killer of pests."

The various generic words ending in

-cide (from the Latin word cida, "killer") are classes of pesti-

cides such as insecticides, herbicides, and fungicides (Ware, 1983).
The term is often used synonymously for agricultural chemicals, and
for plant protection chemicals.

Pests, in turn, can be defined as living organisms
associated with the production and storage of various
materials, particularly crops that may compete with
man for his food supply, damage his property, or attack
his person (Information Research Limited, 1981, p. 2).

The earliest record of any material being used as a pesticide
is by Homer, the Greek poet, who referred to the burning of sulfur
for fumigation of homes in about 1000 B.C.

Pliny the Elder's

natural history, written in A.D. 70, includes a summary of pest
control practices extracted from the Greek literature of the preceding 200-300 years.

Most of the materials employed were useless,

based on superstition and folklore.

Not until the mid-nineteenth

century were pests controlled to any degree of success with chemicals.
Pyrethrum, lime, sulfur and soaps were the materials found effective
between 1800 and 1825.

Beginning in 1850, quassia, phosphorous

paste, and rotenone were employed.

5

Table 1.

A List of Pesticide Classes and Their Use.

Pesticide Class

Function

Insecticide

Controls insects

Herbicide

Kills

weeds

Fungicide

Kills

fungi

Nematocjde

Kills

nematodes

Rodenticide

Kills

rodents

Bactericide

Kills

bacteria

Acaricide

Kills mites

Algicide

Kills

Miticide

Kills mites

Mollurcicide

Kills snails Ei slugs

Avicide

Controls/repels birds

algas

Chemicals Classed as Pesticides not bearing the
-icide suffix
Disinfectants

Destroy or inactive
harmful microorganisms

Growth regulators

Stimulate/retard plant
growth

Defoliants

Removes leaves

Desiccants

Speeds drying of plants

Repel lents

Repels insects, mites

Chemosterilants

Sterilizes insects

SOURCE:

Ware, G.
CA.

1980..

Complete Guide tQ Pest Control.,

Tomson Publications,
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With the use of the arsenical paris green and kerosene emulsions as dormant sprays for deciduous fruit trees (1867-1968),

the scientific use of pesticides had begun.

The application of

pesticides when the pests to be controlled are most vulnerable is
the most precise use of pesticide, a subject continuously being
reexamined by researchers.

History contains innumerable examples

of the mass destruction of crops by diseases and insects.

In the

period from 1847 to 1851 the potato famine in Ireland occurred as
a result of a massive infection of potatoes by a fungus, Plytophthora infestans, now commonly referred to as late blight.

In 1930,

30 percent of the U.S. wheat crop was lost to stem rust, the same
disease that destroyed three million tons of wheat in western
Canada in 1954.

About the chemistry of pesticides, those elements used most
frequently in pesticides are carbon, hydrogen, oxygen, nitrogen,

phosphorus, chlorine, and sulfur.

A chemical formula is the printed

description of one molecule of a chemical compound.

The molecular

formula1 uses the symbols of the elements to indicate the number and

kind of atoms in a molecule of the compound.2

The common name for

the compound is selected officially by the appropriate professional
scientific society and approved by the American National Standards
Institute (formerly United States of America

'Examples:

Standards Institute)

H20 for water and C6H6 for benzene.

2Combination of two or more elements bound together by chemical bonds are chemical compounds.
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Common

and the International Organization for Standardization.

names of insecticides are selected by the Entomological Society of
America, herbicides by the Weed Science Society of America, and
fungicides by the American Plytopathological Society.

The trade

name or brand name of pesticides is given by the manufacturer or
by the formulator.

It is not uncommon to find several brand or

trademark names given to a particular pesticide in various formulaCommon names are assigned to avoid the

tions by their formulators.

confusion resulting from the use of several trade names.
In the following, the characteristics and major categories or
classifications of three groups of pesticides (insecticides, herbi-.
cides, fungicides) will be briefly reviewed.

Insecticides

In 1940 our insecticide supply was still limited to several
arsenicals, petroleum oils, nicotine pyrethrum, rotenone sulfur,
and cryolite.

World War II opened the chemical era with the intro-

duction of a totally new concept of insecticide control chemicals,
synthetic organic insecticides,3 the first of which was DDT.

The

major classes of insecticides are:
1.

Organochlorines.

These are insecticides that contain car-

bon, chlorine, and hydrogen.

The most famous product is DDT, which

has the property of chemical stability or persistence.

As the prop-

erty implies, these products have long lives in soil and aquatic

3mat is, they contain carbon in their molecules. Only a few
contain no carbon and are thus identified as inorganic compounds.
Note:

The following discussion is based on Ware (1982), Ware (1983).
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environments, and in animal and plant tissues.

From the insecticidal

viewpoint these are good characteristics; from the environmental
viewpoint, they are not.

The products in this group (for example,

DDT) are not readily broken down by microorganisms, enzymes, heat,
or ultraviolet light.

DDT has been reported in chemical literature

to be probably the most water-insoluble compound ever synthesized.
However, it is quite soluble in fatty tissue and, as a consequence
of its resistance to metabolism, is readily stored in the fatty
tissue of any animal ingesting DDT alone or DDT dissolved in the
food it eats, even when it is part of another animal.

Since DDT

is not readily metabolized and thus not excreted, it is freely
stored in body fat and accumulates in every animal that preys on
other animals.

It also accumulates in animals that eat plant

tissue bearing even traces of DDT.

For example, the dairy cow

excretes (or secretes) a large share of the ingested DDT in its
milk fat.

Humans drink milk and eat the fatted calf, thereby in-

gesting DDT.

Cyclodiens.
secticides.

These are known as diene-organochiorine in-

The eight following compounds listed were first described

in the scientific literature or patented in the year indicated:
Chiordane, 1945; Aldrin and Dieldrin, 1948; Heptachior, 1949; Endrin,
1951; Mirex, 1954; Endosulfan, 1956; and Kepone, 1958.

These groups

are persistent insecticides and are stable.
Polychioroterpene insecticides.
chioroterpene materials:

There are only two poly-

toxaphene, discovered in 1947, and strolane,
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introduced in 1951. Toxaphene has by far the greatest use of any

single insecticide in agriculture. These materials are persistent
in the soil though not as persistent as the cyclodienes. They are
fairly easily metabolized by mammals and birds, and are not stored

in body fat to any great extent as are DDT and the cyclodienes.

Despite low toxicity to insects, mammals and birds, fish are highly
susceptible to toxaphene poisoning in the same order of magnitude

as to the cyclodienes.
Organophosphates.

Unstable organophosDhates (OPS) have

virtually replaced the persistent organochlorine compounds.

The

OPS have two distinctive features. First, they are generally much

more toxic than the organochlorine insecticides and, second, they
are chemically unstable or nonpersistent.

It is this latter quali-

ty that brings them to the agricultural scene as substitutes for
the persistent organochiorines, particularly DDT. Malathion and

Parathion belong to this group of insecticides.
Carbainates.

The first carbainate was introduced in 1956

and it has been used worldwide.

It has two qualities:

(1) very low

mammalian oral and dermal toxicity and (2) a rather broad spectrum

of insect control.
Herbicides

Herbicides, or weed killer, have largely replaced mechanical

methods of weed control in the past 20 years, especially in these
places where intensive and highly mechanized agriculture is practiced, such as North America, Western Europe, Japan, and Australia.
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Herbicides are classed as selective when they are used to kill weeds
without harming the crop and as nonselective when the purpose is to
kill all vegetation.

There are multiple classification schemes of

herbicides that are based on selectivity, contact versus translocation, timing, area covered, and chemical classification.
cide affects plants either by contact or by translocation.

Each herbi-

Contact

herbicides kill the plant parts to which the chemical is applied and
are most effective against annuals, those weeds that germinate from
seeds and grow to maturity each year.

Translocated herbicides are

absorbed either by roots or above-ground parts of plants, and then
moved within the plant system to distant tissues.
vantage is on established perennials.

Their greatest ad-

Another method of classifica-

tion is by the timing of herbicide application in regard to the stage
of crop or weed development.

The three stages of timing are preplant,

preemergence and postemergence.

Preplant applications are made to an

area before the crop is planted, within a few days or weeks of plantings.

Preemergence applications are completed prior to the emergence

of the crop or weeds, but after planting.

Postemergence applications

are made after the crop or weed emerges from the soil.

Two major chemical classifications of herbicides are organic and
inorganic herbicides.
1.

Inorganic herbicides.

lized in weed control.

These were the first chemicals uti-

They were brine and mixtures of salt and

ashes, both of which were used by the Romans to sterilize the land
as early as Biblical times.

In 1896, copper sulphate was used

11

selectively to kill weeds in grain fields.

From about 1906 until

1960, sodium arsenite solutions were the standard herbicides of commerce.

Several of the inorganic herbicides are still useful in

weed control but are gradually being replaced by organic ones.

In-

tensive Environmental Protection Agency restrictions have been placed
on some inorganic herbicides because of their persistence in soils.

Organic herbicides.

The earliest organic herbicides were the petroleum oils
which are effective contact herbicides for all vegetation.
Organic arsenicals widely used as agricultural herbiThey are

cides are the arsenic and arsenic acid derivatives.
usually applied as spot treatments.
Phenoxyaliphatic acids.

An organic herbicide was intro-

duced in 1944, later to be known as 2,4-D which was the first
of the phenoxy herbicides or hormone weed killer.

These are

highly selective for broadleaf weeds and were translocated
throughout the plant.

There are several compounds belonging to

this group of which 2,4-D, 2-4,5-T and MCPA are the most important.
Carbamates.

As we have seen, some carbamates are insec-

ticidal and, as we shall see later, others are fungicidal.
Still other carbamates are herbicidal.

Discovered in 1945, the

carbainates are used principally as selective preemergence herbi-

cides, but some are also effective in postemergence use.
first of the herbicidal carbamates was prophem.

The
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e)

Heterocyclic nitrogens.

up the heterocyclic nitrogens.

The triazines and azine make
Triazines are applied to the

soil primarily for their postemergence activity.

Fungicides

Fungicides are chemicals used to kill or halt the development
of fungi.

The fungal diseases are basically more difficult to con-

trol with chemicals than are insects because the fungus is a plant
living in close quarters with its host.

This explains the difficul-

ty of finding chemicals that kill the fungus without harming the
plant.

There are about 150 fungicidal materials in our present

arsenal, most of which are recently discovered organic compounds.
The application principle for fungicides differs from that of herbicides and insecticides.

Only that portion of the plant that has a

coating of dirt or spray film of fungicide is protected from disease.
Historically, fungicides have centered around sulfur, copper, and
mercury compounds and even today most of our plant diseases could
be controlled by these groups.

The general purpose fungicides for

agriculture include inorganic forms of copper, sulfur (and mercury,
until recently) and metallic complexes of cadmium, chromium, and
zinc, along with a variety of organic compounds.

The general pur-

pose lawn and garden fungicides are few in number and are usually
organic compounds.
1.

Inorganic fungicides:
a)

Sulfur:

Sulfur in many forms is probably the oldest

effective fungicide known and a very useful garden fungicide.
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Copper:

The majority of inorganic copper compounds are

practically insoluble in water.

They are blue, green, red or

yellow powders sold as fungicides.
Mercury:

The inorganic mercurial fungicides are probab-

ly the most toxic of the fungicides.
2.

Organic fungicides.

Many synthetic sulfur and other organic

fungicides have been developed over the past 30 years to replace the
inorganic materials.
discovered in 1931.

The first of the organic sulfur fungicides was
This fungicide, thiram, was followed by many

others, including other new classes, the dithio carbamates and di-

carboximides (zineb and captan) introduced in 1945 and 1949, respectively.

Since then the organic synthesists have expanded greatly.

Now more than 200 fungicides of all classes are in use and in various stages of development.

Previous Work

Demand studies of either domestic or import demand forpesticides
Two

in Mexico or even in the other developing countries are scarce.

thees concerning pesticides have been found from Mexico.

One was de-

veloped by Navarrete (1968), which provides a general overview of
the organization and the commercial structure of the pesticides industry in Mexico.

It also describes those aspects of agriculture

which have a major influence on the consumption of pesticides.

The

other one was developed by Flores (1977) and it describes the tox-

icity and synergism of insecticides, monocrotophos and mevinphos.
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Since the import demand for pesticides is a major concern of
this study, it is necessary to look first at the literature in international areas and then the domestic demand studies for pesticides
will also be overviewed.

Internationa. trade studies of imports and

exports have often been expressed in terms of aggregate supply of
exports or demand for imports for a country or for groups of comino-

dities such as foodstuff, raw materials, and manufactured goods.
These studies have also been in aggregated or disaggregated categories designed to determine the role of price and income in international trade.

The aggregate import demand function, the role of

price elasticities, and income elasticities have been studied by
Harberger (1953), Neisser and Modigliani (1953), Dutta (1965), as
well as Kreinin (1967), Houthakker and Magee (1969), and Khan
(1974).

Studies have also been conducted for individual commodities.

A 1950 article by Orcutt pointed out that the use of Ordinary
Least Squares in import demand studied produced biased estimates.
This discussion is important since some of the studies involved with
estimating price elasticities of demand for imports and exports caine

up with price elasticities between zero and -0.5.

Some of the indi-

viduals making the estimates have taken their estimates as an indication that devaluation would be ineffective improving the trade balances of devaluing countries.

A devaluation will improve the balance

of trade if the sum of the price elasticities of domestic demand for
imports and the foreign price elasticities of demand for the country's
exports are greater than unity (Marshall-Lerner Condition).

In
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pre-war studies, there was considerable worry that the price elasticities were in fact very small, but Orcutt (1950) showed that part
of this was due to the simultaneous equation problem.

If the supply

schedule is positively sloped, as shown in Figure 1, line SS, then a
shift in the demand curve DD, such as DD', due to non-price factors,
would result in a price which is higher than that associated with DID
(with SS unchanged).

This, it was argued, violated the requirement

that the error term be independent of price and resulted in an estimated price elasticity which was lower than the true price elasticity.

The bias in the estimate can be demonstrated by assuming that

there are random disturbances that cause the supply schedule to
shift up and down between the limits imposed by the lines DD and DID'.

Suppose also that there are random disturbances that cause the
supply schedule to shift up and down between SS and SS'.

The points

of intersection of the supply and demand curves would be distributed
in a parallelogram ABCD.

Hence, if we fit a regression line EE to

these points in such a way that minimizes the deviations in a horizontal direction with respect to dependent variable, the elasticity
calculated from EE will be underestimated in comparison to the true
elasticity of the demand schedule.

Following the Orcutt study, econometric work in international
trade was greatly reduced.
elasticity pessimism.

This has been called a period of

In the post-war years this problem of bias

toward zero has appeared soluble by a number of means.

In the first

place, it is argued that for most countries the supply of imports
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FIGURE 1.

Bias in the estimation of import
price elasticities.
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can be treated as being perfectly elastic with respect to price, in
which case shifts in demand will not result in changes in price (if
the supply curve remains unchanged).

The simultaneity bias there-

fore disappears.

In the second place, disaggregation of imports by product cate-

gory, food, raw materials, fuels, semi-finished manufactures, and
finished manufactures help to reduce the problem.

Basic inputs

such as food, raw materials, and fuels are essential parts of the
productive process and the quantity of import tends to vary much
more closely with industrial output than with price.

Finished manu-

factures, on the other hand, have close domestic substitutes in many
cases and, hence, price is extremely important.

With the high

levels of protection on finished products between World Wars
I

and

II, the aggregation of the various categories of imports, may

very well have contributed to the downward bias in the estimates
of the price elasticity of demand.

Orcutt pointed out that the

three categories with the lowest price elasticities also had the
highest variations in price, thus tending to dominate the price
variable.

There is clearly considerable variation in elasticities

between product groups as can be seen from Barker's work with
Lecomber (1967).

Over thirty categories were distinguished and

classed as "competitive" or "complementary" according to whether
or not a domestically produced substitute was widely available. Much
relevant work has been done by de Vries (1951), Morgan and Corlett
(1951), Dutta (1965), Kreinin (1973), Khan (1975), and Adams and
Behrman (1978).

Most of this related work has been carried out for
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the United States, Canada, the United Kingdom, and other countries
in the Organization for Economic Cooperation and Development (OECD).4
To present a comprehensive review of the literature, it is necessary
that a selection of studies from developed countries and developing
countries be reported in this chapter.

In most of the single

equation models, OLS has been used, thus a reference to a specific method will be made only when OLS has not been used.

De Vries

(1951) studied the price elasticities of demand for 176 cominodi-

ties imported into the United States.

He noted a certain relation-

ship between the share of the market that one import commodity supplied and the value of the elasticity.

According to de Vries, it

appears that commodities where imports supply a relatively large
share of the U.S. market tend to have a relatively low elasticity
of import demand, while commodities where imports supply a relatively
small share of the U.S. market have relatively high elasticities.
The reason behind it has been explained in this way:

it is widely

recognized that the demand schedule for the product of an individual
producer has, in general, far greater price elasticity than the
aggregate demand schedule for the entire output of the product.

In

the case that demand for imports is a demand for products which are
either produced domestically or at least have close substitutes

4OECD was founded in 1960 and the member countries are: Australia, Belgium, Canada, Denmark, France, West Germany, Greece, Iceland, Ireland, Italy, Japan, Luxemburg, The Netherlands, Norway,
Finland, Portugal, Spain, Sweden, Turkey, the United Kingdom, the
United States, and New Zealand.
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which are so produced, we would expect the demand schedule for imports to be very elastic.

This conclusion is based on the same

reasons that we believe the demand for the products of individual
producers to be highly elastic.

In a 1965 article, M. Dutta attempted to measure the role of
price in international trade commodities for India.

Dutta assessed

the world demand for Indian tea, in addition to the Indian import
demand for iron, steel, machinery, and raw cotton.

For import de-

mand, the estimates were based on quarterly observations of the relevant variables for the period 1951 through the first quarter of 1960.
Indexes of industrial output relative to particular industries were
used as the major explanatory variable.

The relative price variable,

based on the ratios of home and foreign prices, was not found to be
significant.

Indeed, the home supply of these commodities is either

insignificant or qualitatively very different.

He concluded that

changes in prices in the Indian example were relatively unimportant,
and he found the explanation to be linked to aspects of supply in
India.

Khan (1975), in an article titled "The Structure and Behavior
of Imports of Venezuela," utilized data from 1953 to 1973 at the
aggregated and disaggregated levels.

Khan calculated an import de-

mand function in nine categories (agricultural products, food, textiles, chemical products, paper and cardboard, furniture, machinery,
construction material, tobacco, and beverages).

Khan found that

simple specifications involving prices and real income as explanatory variables are adequate to explain a large proportion of the
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variation in Venezuelan imports.

R2 values ranged from .617 to .941.

Estimates of price elasticity range from a high of -5.890 for
furniture imports, to a low of -0.765 for imports of machinery.

Adams and Behrman, in their study "Econometric Modeling of
World Commodity Policy" (1978), explored some of the characteristics
of commodity trade in the world.

They calculated demand elastici-

ties for 12 commodities in terms of regions of the world.
As mentioned before, the majority of the studies concentrate on
the trading patterns of industrial countries and there has been very
little in the way of a systematic analysis of the imports and exports
by types of commodities for developing countries.

There is, of

course, one obvious reason for ignoring these countries and that has
to do with the availability of adequate data.

Although it is gener-

ally believed that the trading patterns of developing countries
differ from those of the developed, an empirical examination would
be necessary to determine the extent of such a difference.

Domestic Demand Studies

For the past three decades, an important pest control tactic
of agricultural producers has been the use of chemicals.

However,

people are becoming more concerned over possible adverse effects of
pesticide use on the environment, wildlife, and human health.

This

concern has led to research that investigates chemical properties
as well as pesticides' effectiveness and pest resistance.

A de-

velopment of resistance in an insect population is a well-known and
logical evolutionary process that allows organisms to evolve and
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adapt to sudden changes in climate and habitat (Brown, 1960).

The

rate at which resistance develops in a population is influenced by
many factors:

genetic make-up of the organism, intensity of the

selection pressure-inducing resistance (for example, pesticide
dosage and number of applications), ecological conditions, behavioral mechanisms which prevent fatal exposure and biology of the organ-

ism, including reproductive rate inbreeding, dispersal, migration,
size, and growth.

Because of the protective mechanisms of the

insect or other physical factors, some organisms will survive the
initial selection pressure.

The next generation will contain a

higher percentage of resistant organisms.

If selection pressure is

applied again, resistant organisms will survive and the next generation will have an even larger percentage of pesticide-resistant
organisms.

Continuous selection pressure eventually results in a

population composed largely of resistant organisms.

There are some

studies that indicate the signifince of resistance in pesticide
use decisions

(Adkisson, 1972; Hueth and Regev, 1974).

One econometric demand study by Carlson (1977) incorporates resistance into the model. In this study, in addition to the standard
explanatory variables such as price and price of substitutes, an
index of pest resistance is included.

Dosages required to kill 50

percent of a pest population are a common measure for laboratory and
small field-plot studies of degrees of genetic change (resistance)
in a population.

For more aggregate analysis, a measure is needed

that emphasizes the geographical and insecticide use intensity dimensions of resistance.

One of the most extensive tabulations of
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He has compiled

insecticide resistance is given by Brown (1971).

dates of first reportings of resistance by major pests by state.

In

Carison's study an index of organochiorine insecticide resistance
for various years was computed from his list of references.
Annual U.S. insecticide use data for the period 1945 to 1970 have
been used for analysis.

= C

where

+ CR1

The estimation model was:

+ C2R2

+ C3e

+ C4C

+ Et

is the quantity of a given insecticide purchased in year t,

R1 is the insecticide price deflated by an index of all agricultural
input prices, R2 is the substitute insecticide price, C

is the

agricultural product price and Et is the error term.

is the re-

sistance index e

= e1 + At2

e

in which At is the estimated pounds

of organochiorine insecticides used for control of resistant species.
Because of time delays between first reports of resistance and
widespread geographical distribution of resistant populations, a twoyear lag was selected.

The model was estimated in log-log form.

The agricultural

product price variable was not statistically significant and was
deleted from the model.

Table 2 presents parameter estimates for

equation (1.1) for several of the largest selling groups of
insecticides.

A lagged dependent variable (R3) was added to account for the

assumed effects of delayed adjustments to price changes.

The lagged

dependent variable did not prove to be statistically significant
and was deleted for insecticides other than DDT.

Since the model

Table 2.

Demand Equations for Selected Insecticides.
Own deflated
pricea

C1emica1s

(A)

Constant

-2.578

(B)

-4.218

(C)

-1.244

(0)

-2.261

R1

-1.461
(0.796)

Substitute
priceb
R2

6.830

-4.522

aAnnual

(es)

Lagged
dependant
R3

R

2

(0.683)

1.51
(0.158)

.941

(0.780)

0.886
(0.670)

1.85
(0.155)

.960

-1.06
(0.273)

0.261

0.958

(0.43)

.968

(0.167)

--

-0.340
(0.179)

0.759
(0.153)

.585

-0.747
(0.319)

0.797

.815

(0.200)

-1.552

-0.667
(0.397)

(E)

ResistanceC

-1.091
(0.625)

-0.118
(0.526)

weighted prices deflated by index of all farm input prices.

b1

the cases of equations (A), (B), and (C), this is organochlorjne weighted price;
for DOT this is an average price of cyclic organophosphates.
Resistance has a larger
effect on organophosphate sales per acre of cotton than on total sales (compared
to the
coefficient of et for equations (A) and (B).

cC,ulative

pounds of organochlorjnes with resistant insects, lagged two years.
Dependent variables in equations are (A) domestic and foreign quantity of
cyclic organophosphate insecticides (1953-70), (B) the same as (A) except dependent variable is divided by domestic cotton
acreage planted, (C) total quar'tity of parathion and
methylparathion (1953-70), (0) domestic quantity of DOT (1945-691, and CE) domestic
quantity of DOT (1953-69). Standard errors are in the parentheses.
Note:

SOURCE:

Carlson, G. A., 1977. "Long run productivity of insecticides."
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estimated in log-log form, the coefficients on
and cross price elasticities.

are direct

and

All direct price elasticities except

for the one in equation (D) are greater than [1].

Carison con-

cluded this indicates that there are many substitute pest controls
in the long run, and also resistance tends to increase the use of
substitute chemicals and decreases the use of the chemical.
Resistance is not as important in equation (D).

It was ex-

plained that this was because it includes data from the earlier
period (1945-51) for which agricultural resistance was reported to
be at the zero level.

With one exception (equation E), substitute

insecticide prices (organophosphate prices in DDT equations, organochlorine prices in organophosphate equations) have the expected
positive sign.

Thus, Carlson (1977) concluded that the overall effect

of resistance to specific compounds was to encourage chemical substitution and reduce dosages per acre.

Also he concluded that

during the 1950s and 1960s, as resistance intensified
for one chemical, replacements were available at small
price increases.
The costs of discovering compounds
that are both environmentally safe and profitable have
increased the breakeven life of a chemical greatly.
Few new insecticides are forthcoming, so policy makers
should be encouraged to consider the effects of resistance on the relative productivities of restricted and
unrestricted insecticides in their deliberations on use
regulations and investments (p. 547).

In another study conducted by Huh and Dahi (1979), a survey
of 130 randomly selected farms was conducted in six important
corn-growing counties in Minnesota.

Herbicides for weed
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control were the dominate type of pesticides applied to crops,
accounting for 86 percent of the total acreage treated.

The re-

maining planted acreage was treated for insects.

To determine the important factors that affect the quantity of
pesticides used on crops (by farmers), a farm operator's decision
making process for purchasing of pesticides was developed (Fig. 2).
The following factors, in order of importance, appear to be
the most influential in these corn producer's use of pesticides;
acres of corn,

prices of pesticides,

farm operators' attitudes toward risk and uncertainty,
pest population,

1978 repeat corn in the same land planted for corn,
attendance at pesticide meetings provided by manufacturers or
dealers,

education of farmers,

distance from farm to place of pesticide purchase,
age of farm operator,
expected price of corn,
soil type.

According to this study, price of pesticides was particularly important in purchasing decisions.

Farmers do react significantly to the

price of pesticides, although expenditures for these chemicals are
small compared with total product cost (2.7 percent in 1976).

The

survey showed that the price of pesticides, second to crop acreage,
is the most important decision-making factor affecting the quantity
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Total assets
Total acres of land
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Form of pesticides
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training
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risk (Residues)
Ease of
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temperature

1

Price of
output
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Band
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FIGURE 2.

Source:

Cost of application

Broadcast
application

application.

Evaluation

Price of
pesticides

Hold

Farm operator's decision-making process
for chemical pest control.
Huh, S. H. and Dale C. Dahi, 1979. "The farm
demand for pesticides in Minnesota."
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of pesticides used.

A key question was whether farmers respond differently to
prices in purchases of pre-emergence pesticides (for preventive pur-

poses) than in their purchases of post-emergence (for dealing with
incidences of pest infestation).

To seek answers to the question,

the quantities of pesticides purchased by the farmers surveyed were
statistically related to the adjusted price5 paid for them.
Dividing the pesticides purchased into pre-emergence and post-

emergence categories, farmer responsiveness to price changes differ.
The farmers surveyed purchased 1.55 percent less pre-emergence pesti-

cides for every one percent increase in the adjusted price of this
type of pesticide.

In contrast, the farmers exhibited less respon-

siveness to price changes inpost-emergencepesticides for a one percent increase in the adjusted price.

The quantity of post-emergence

pesticides purchased declined by about one percent.

Thus, there are

two types of pesticide purchasing behaviors (two different demands).
With pre-emergence pesticides purchases, farmers might find substitutes if prices were high.

But after crops were planted and growing,

purchases of necessary post-emergence pesticides would probably be
made, even if prices were very high.

Organization of Study

This study is subdivided into six chapters.

Following this in-

troductory chapter, Chapter II includes international aspects of the

5The adjusted price equals the price paid for pesticides plus
application costs (depreciation cost of sprayer, interest cost, insurance and housing costs, repair cost, fuel cost, and wages).
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pesticides industry and U.S. and Mexican pesticides markets.

The

major focus of Chapter II will be on production, consumption, export
and import patterns in the U.S. and Mexico.

Chapter III is devoted

to the discussion about the effect of the Mexican government policy
on consumption patterns of pesticides in Mexico.

Chapter IV in-

cludes an overview of international trade theories and a theoretical model.
V.

The empirical model and results are discussed in Chapter

Chapter VI presents the summary, conclusion, limitations and

suggestions for further studies.
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CHAPTER II

PESTICIDES MARKET

International Aspects of the Pesticides Market

The pesticides industry is worldwide in scope.

A domestic firm

can regard all foreign nations as potential markets for manufactured
pesticides for technology licensing and plant investment.

The bulk

of the world's pesticides manufactured is accounted for by a handful of developed countries.

As Table 3 shows, eight countries--West

Germany, the United States, the United Kingdom, France, The Netherlands, Switzerland, Italy, and Japan--account for 80 percent of the
pesticides sold.

Referring to export-import of pesticides in 1979

between the main OECD countries, the countries with a favorable bal-

ance of trade in pesticides are the United States, West Germany, the
United Kingdom, The Netherlands, Switzerland, France, and Japan.
There is a great deal of intra-European trade in pesticides.
The world's trade in pesticides occurs largely between the countries of the developed world.
cussed here are:

Specific countries to be briefly dis-

West Germany, the United Kingdom, France, Switzer-

land, Japan, The Netherlands, and Belgiuni.

Table 4 shows the four

largest chemical companies in each country and Table 5 shows the
biggest chemical producer in the world (1974-1975).

West Germany
Three firms (BASF, Hoechst A.G., and Bayer A.G.) dominate the
West Germany chemical industry.

The German chemical industry is the
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Table

3, Leading Countries in Pesticides Sales (1977).

Share of Market
Country

%

West Germany

24

United States

18

France

12

United Kingdom

11

The Netherlands

9

Switzerland

7

Italy

3

Japan

3

SOURCE:

Computed from Statistics in World Trade Annual Statistical
Office of the United Nations.

31

oldest in the world, apart from the United Kingdom.

All three com-

panies were originally dyestuffs manufacturers, but they are now extremely diversified.

The record of all three in growth and profit-

ability has been spectacular.

United Kingdom

Imperical Chemical Industries (ICI) is (in order of magnitude)
one of the largest chemical companies in the United Kingdom.

ICI

is active in almost every segment of the chemical industry, including agricultural chemicals, fibers, paints, petrochemicals, plastics, pharmeceuticals, and metals.

It is an international company

and has almost 500 subsidiaries.

France

Rhone-Poulence Company is one of the largest chemical companies
in France.

Rhone-Poulence produces a broad spectrum of chemicals,

including pharmaceuticals, plastics, fibers, photographic chemicals,
and agricultural chemicals.

Japan

The Japanese chemical industry is characterized by many small
and medium-sized firms.

The largest, Mitsubishi Chemical, ranks

twenty-third in the rating of largest companies in 1974.

Fertili-

zers and synthetic fibers have been particularly important to
Japan's chemical industry.

32

Table 4.

The Four Largest Chemical Producers by Country, 1974.

Country

Company

West Germany

BASF
Hoechst
Bayer
Veba-Cherniè

United Kingdom

1974 Sales
(millions)
8541.6
7795.2
7180.0
2006.8

Ranking

1

2
4

20

Beecham
BOC International
British Petroleum

7331.0
1044.1
965.1
777.5

Rhone-Poulence
Pechiney-U.K.
EMC
Air Liquid

4426.3
1033.0
968.5
938.0

Switzerland

CIBA-Geigy
Hoffman-LaRoche
Sandoz AG
Lonza AG

3108.0
1881.0
1330.7
257.0

16
24
37
166

Japan

Mitsubishi Chemical
Sumitomo Chemical
A Sahi Chemical
Toray Industries

1889.0
1842.0
1711.8
1567.0

23

Akzo
Royal Dutch Shell
DSM
Solvay
Cie

4063.0
3567.2
2644.7
2124.0

France

The Netherlands/Belgium

SOURCE:

ICI

Chemical Age, July 25, 1975.

3

50
58
78

9

52

60
63

25
29
33

10
11

17
10
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Table 5.

The Biggest Chemical Producers in the World, 1974.
(All dollars values in millions)

Ranking
1974

Company

Country

Sales

1975

1

4

BASF

West Germany

$ 8541.6

2

2

Hoechst

West Germany

7795.2

3

5

ICI

United Kingdom

7331.0

4

3

Bayer

West Germany

7180.0

5

1

DuPont

United States

6910.0

6

6

Mont edison

Italy

6178.0

7

7

Union Carbide

United States

5320.0

8

11

Dow

United States

4938.0

9

10

Rhone-Poul ence

France

4426.3

10

9

Akzo

The Netherlands

4063.0

11

15

Royal Dutch Shell

The Netherlands

3567.2

12

13

Monsanto

United States

3498.0

13

12

W. R. Grace

United States

3472.0

14

16

Exxon Chemical

United States

3300.0

16

14

CIBA - Geigy

Switzerland

3108.0

17

18

DSM

The Netherlands

2644.7

18

17

Allied Chemical

West Germany

2006.8

21

21

Celanese Corp.

United States

1928.0

22

17

Warner- Lamb ert

United States

1911.0

19

14

Solvay

Belgium

2124.0

20

33

Veba-Chemi e

West Germany

2006.8

23

20

Mitsubishi Chemical

Japan

1889.0

24

22

Hoffman- LaRoche

Switzerland

1881.0

25

26

Sumitomo Chemical

Japan

1842.0

26

23

Henkel

West Germany

1791.0

21

20

American Cyanamid

United States

1780.0

29

25

Asaki Chemical

Japan

1711.8

37

29

Sandoz AG

Switzerland

1330.7

SOURCE:

Cie

Cie

Chemical Age, July 25, 1975, p. 517.

34

Switzerland/The Netherlands/Belgium

The Swiss have three giant chemical companies:
Hoffman-LaRoche, and Sandoz AG.

CIBA-Geigy,

Pharmaceuticals and other fine

chemicals dominate the Swiss chemical processing industry.
The chemical industry of The Netherlands includes important
joint ventures with British companies.

Akso is the largest Dutch

chemical company.

The largest Belgian chemical company is Solvay.

U.S. Pesticides Market

The use of pesticides has become a necessity in the last twentyUnited States

five years for the production of food and textiles.
farmers started using pesticides in the early l900s.

The first

chemical company began to manufacture pesticides for farm use in 1902
(Frost and Sullivan, 1978).

The leading market for all pesticides in the U.S. (1978) was
the corn grower with 30 percent of all pesticide purchases.

Soybean

producers rate second with 21 percent of all farm pesticide purchases.

Cotton growers ranked third with 12 percent of the total.

In terms of different groups of pesticides, corn growers are the
leading herbicide market, or 38 percent of the total.

Soybean

farmers followed with 32 percent of the total market.

The irisec-

ticide market was shared equally between corn and cotton growers.
Each accounted for 26 percent of the insecticide market.

Fruit

and nut growers led the fungicide purchases with 33 percent of the
market, followed by vegetable producers with 17 percent (Table 6).
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Table 6.

Leading U.S. Markets Estimated for Herbicides, Insecticides, and Fungicides, 1978.

Type of Pesticide and Crop

Percentage of Market

Herbicides
Corn
Soybeans
Cotton
Wheat
Other crops
TOTAL

38%
32
7

4

19

100

Insecticides

Corn
Cotton
Fruits and Nuts
Vegetables
Other crops
TOTAL

26
26
16
11
21

100

Fungicides
Fruits and Nuts
Vegetables
Peanuts
Soybeans
Cotton
Other crops
TOTAL

33
17
14
7
7

22

100

All Pesticides
Corn
Soybeans
Cotton
Other crops
TOTAL

SOURCE:

30
21

12
37

100

Eichers, T. "Evaluation of Pesticides Supplies and
Demand," USDA, 1980.
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In 1978, the U.S. accounted for one-third of all the pesticides used
worldwide.

It used nearly half of all the herbicides worldwide in

1978, but accounted for only 12 percent of fungicides.

If we look

at the world pesticide markets in 1978, the corn market is the
largest crop to use protection chemicals followed by cotton, rice,
soybeans, and wheat(Tables 7, 8, 9 and 10).

In the United States, atrazine and alachior were the leading
herbicide products used by farmers.

Until recent years atrazine

had been, by far, the leading product.

However, alachiar is becom-

ing relatively more important and in 1976 its use was nearly equal
Other leading herbicide products are 2,4-D, triflur-

to atrazine.

alin, and butylate.

Toxaphene has been the leading insecticide pro-

duct because of its intensive use in controlling cotton and livestock insects.

Methyl parathion, the second-ranking insecticide,

is primarily used to control cotton insects.

The United States is a major world pesticide producer, supplying over 40 percent of the dollar value of all pesticides used
worldwide and a somewhat larger share of the active ingredients.
The United States exports about one-third of its pesticide produc-

tion in terms of active ingredients and about one-fourth in terms
of dollar value.

In the United States, pesticide imports in 1967 accounted for
1.30 percent of the total consumption and in 1976 the percentage
rose to 4.30 percent.
in imports.

The herbicides group showed major growth

Herbicide imports (in terms of active ingredient) was

five million pounds in 1967 and reached 28 million pounds in 1976.
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Table 7.

The Five Single Crop Markets in 1978 (World Pesticide
Market)

Millions of
U.S. dollars

Millions of
U.S. dollars

No.

1

- Corn

Herbicides
Insecticides

Fungicides
TOTAL

No. 4 - Soybeans
$ 939.9
325.0
21.8

$1286.4

No. 2 - Cotton
Herbicides
Insecticides
Fungicides
TOTAL

$ 297.4
891.7
33.3

No. 3 - Rice
$ 307.1

Insecticides

364.6

Fungicides

182.0

TOTAL

SOURCE:

$ 695.7

Insecticides

86.6

Fungicides

27.5

TOTAL

$ 809.8

No. 5 - Wheat

$1222.0

Herbicides

Herbicides

$ 853.7

Farm Chemicals, September 1979.

Herbicides
Insecticides
Fungicides

TOTAL

$ 346.7
49.3
102.1

$ 498.1
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Table

The 1978 Herbicide Market, by Crop.

8

Crop

U.S.

Western
Europe

Japan
Far East

Rest of
World

Total

(Millions of U.s. 1978 Dollars)
Corn

658.0

75.2

12.9

193.5

939.6

Cotton

128.4

4.8

10.1

154.1

297.4

ITheat

68.7

184.3

27.6

66.1

346.7

Sorghum

50.2

4.8

1.7

14.4

71.1

Rice

36.9

14.5

192.8

62.9

307.1

Other Grains

21.2

128.3

8.5

26.3

184.3

549.9

21.6

26.3

97.9

695.7

4.6

14.3

18.9

25.4

51.2

267.2

Soybeans
Coffee

Fruits, Vegetables,
and horticultural
crops
85.4

SOURCE:

105.2

Farm Chemicals, September 1979.
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Table

9

.

Crop

The 1978 Insecticide Market, By Crop.

U.S.

Western
Europe

Japan F4

Far East

Rest of
World

TOTAL

(Millions of U.s. Dollars, 1978)

Corn

208.4

42.6

17.0

57.0

325.6

Cotton

207.0

28.7

121.6

534.4

891.7

Wheat

12.1

13.3

6.7

17.2

49.3

Sorghum

17.7

7.7

5.6

11.4

42.4

Rice

13.6

4.8

278.0

68.2

364.6

4.6

7.5

3.1

5.8

21.0

30.1

7.1

7.6

41.8

86.6

3.8

24.1

27.9

172.9

191.7

785.0

Other Grains
Soybeans
Coffee

Fruits and
Vegetables, and
horticultural
crops
212.7

SOURCE:

207.7

Farm Chemicals, September 1979.
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Table

10

.

Crop

The 1978 Fungicide Market, By Crop

U.S.

Western
Europe

Japan ?
Far East

P.est of

World

TOTAL

(Millions of U.S. Dollars, 1978)

Corn

5.0

4.4

4.0

8.4

21.8

12.7

2.1

4.5

14.0

33.3

Wheat

5.8

62.7

5.4

28.2

102.1

Sorghum

2.2

3.6

4.5

5.9

16.2

Rice

2.7

1.5

144.6

33.2

182.0

Other Grains

4.5

31.1

8.4

14.2

58.2

Soybeans

13.1

1.8

5.2

7.4

27.5

Peanuts

26.7

6.9

4.7

38.3

6.3

47.3

53.6

129.3

231.1

840.3

Cotton

Coffee

Fruits, Vegetables,
and horticultural
Crops
95.0

SOURCE:

384.9

Farm Chemical, September 1979.
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West Germany, the United Kingdom, and Japan represent 75 percent of
the exports in 1977 on a dollar basis.

Switzerland, Canada and The

Netherlands represent an additional 17 percent.

Over 90 percent of

the iniports are from these six countries.

Oligolopy Pricing

The pesticide industry is not perfectly competitive nor a
monopoly.

there exist

When either pure competition or pure monopoly prevails,
clear-cut solutions to the firm's price and output de-

cision problem, assuming that managers seek to maximize expected
profits and that they hold definite expectations concerning future
cost and demand conditions.

But this is not true under an oligopoly.

Each firm recognizes that its best choice depends upon the choices
its rivals make.

The firms are interdependent and they are acutely

conscious of it.

Their decisions depend upon the assumptions they

make about rival decisions and reactions.

Economists have developed literally dozens of oligopoly pricing
theories, some simple and some marvels of mathematical complexity.
To begin, it is useful to survey briefly the processes in the development of oligopoly theory.

The first best known attempt to deal

with the oligopoly problem was by Augustin Cournot, whose work was
published in 1838.

Cournot postulated that each firm chooses to mar-

ket that quantity of output which maximizes its own profits, assuming their competitors' quantity to be a parameter or constant.

Note:

From

The following discussion is based on Asch (1980), Bain (1968),
Sher and Pinola (1981), and Mansfield (1982).
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this simple assumption, Cournot derived two main conclusions:

(I)

there exists a determinate and stable price-quantity equilibrium for
any industry; and (2) the equilibrium price depends upon the number
of sellers.

The monopoly price results with a single seller; as the

number of sellers increases, the equilibrium price declines until the
price approaches equality with marginal cost when there are many firms.
Cournot's initial assumptions were unrealistic in some important
respects.

One assumption was that the sellers are output adjusters

rather than price adjusters.

Firms choose their outputs and then

offer the products on the market, which establishes a price just sufficient to equate quantity demanded with the total quantity supplied.
This assumption was criticized by economists at a later time.

They

argued that price is typically the decision variable of primary in-

terest to firms with market power, which means the producers set a
price and then let buyers decide whether to purchase at that price,
and how much to purchase.

The theory needed some modifications.

Many efforts were made to reconstruct Cournot's theory by devising more complex reaction assumptions and by assuming that firms
expect their rivals to react to price or output changes in a specific
way.

An essential step was taken in 1929 by Edward Chamberlin.

Chamberlin stated that when the number of sellers is small and pro-

ducts are homogeneous, the oligopolists can rarely avoid full recognition of their interdependence.

Each, therefore, would be hesitant

to take measures which, when prevalent, would leave all members of
the industry in a worse condition.
at the monopoly level.

The firms would then set a price
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If each seeks his maximum profit rationally and intelligently,
he will realize that when there are only two, or just a few sellers,
his action has considerable effect upon his competitors and that it
is idle to suppose that they will accept the losses he forces upon
them without retaliation.

Since the result of a cut by anyone is

inevitably to decrease his own profits, no one will cut, and although
the sellers are entirely independent, the equilibrium result is the
same as though there were a monopolistic agreement between them
(Chamberlin, 1962, p. 48).

Chamberlin emphasized that when sellers are few in number, no
formal collusion or agreement is necessary.

Each firm can make

its own price and output decisions without consulting the other.
For the monopoly price to emerge, it is necessary only that the
firms recognize their mutual interdependence and their mutual interest in a high price.

Chamberlin acknowledged that monopoly prices

might not be attained or maintained, due to certain complexities
This is obvious when the number of sellers becomes so large that
individual firms begin to ignore their direct or indirect influence
on price.

Also, when substantial time lags interfere between the

initiation and matching of price cuts, some firms might undercut

the monopoly price, risking future profit sacrifices for the sake
of short-term gain.

And, finally, firms might fail to hold prices

at the monopoly level if they are uncertain about the reactions,
intelligence, or far-sightedness of their rivals.

In Spite of these

qualifications, the main impact of Chamberlin's analysis was to
show that when sellers are few, and products homogeneous, a monopoly

44

price can be established without formal collusion.

Chamberlin's

formal theory covered only a simple and unrealistic case---duopolists producing at zero cost.

Difficulties arise when costs enter the picture.

Specifically,

the firms may run into conflicts over the most favorable monopoly
price if they produce under differing cost conditions.

This problem

can be solved by assuming that in equilibrium all members of an ohgopolistic industry charge the same price for their products.

This

assumption is almost certain to be satisfied when the products are
perfect substitutes, since any firm trying to charge more than its
rival would sooner or later suffer from losing its entire sales
volume.

With price matching, each firm should normally expect to

supply a more or less fixed share of the overall market whether the
price quoted by all is relatively low or relatively high.

If so,

each producer can estimate its own individual demand curve from the
knowledge of the industry.

The quantity it sells is simply some

constant fraction of the total quantity demanded from all sellers at
the common price.

Under this price-matching assumption, the market

shares of several industry members need not be identical.

Some

firms may sell more than others because of a larger sales force,
minor product quality advantage, historical attachment built up by
serving more customers during periods of shortages, etc.
In summary, when cost functions and/or market shares vary from
firm to firm within an ohigopohistic industry, conflicts arise which,
unless resolved through formal collusive agreements, intervene with
the maximization of collective monopoly profits.

And if left
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unresolved, these conflicts may result in aggressive behavior which
drives the industry far from the joint profit maximum solution of
its price-output problem.

After the publication by Von Neumann and Morgenstern
of their theory of games and economic behavior
(Newmann and Morgenstern, 1944), economists had
hoped that the game theory might be the answer to
difficult problems presented by oligopoly theory
(Sher and Pinola, 1981, P. 483).

The most important contribution by Von Neumann and Morgenstern
was their theory of zero-sum games for which they derived solutions
which are indeed determinate, assuming rational but conservative
behavior on the part of rivals anxious to make the best of their
rivalry.

The results of alternative choices by each rival are

represented through a pay-off matrix as in the following illustrative matrix for player A, in a two-person zero-sum game involving
A and player B.

B's strategies

A's
strategies

b1

b2

b3

a1

8

-5

-10

a2

0

-2

6

a3

4

-1

5

Each entry in the matrix is the pay-off expected by A associated
with a particular pair of strategy choices by A and B.

For example,

if A chooses strategy a2 and B chooses strategy b3, A's pay-off will
be +6.

Rival B's pay-offs are the negative of A's, i.e., if A gains
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6, B must lose 6.

All pay-off pairs sum to zero, hence the name zero-

To determine his best strategy, A examines each row of his pay-

sum.

off matrix to find the worst pay-off which can happen if he chooses
the strategy associated with that row, -10 for a1, -2 for a2, and -1
for a3.

The best of these worst outcomes is -1, associated with strategy a3.

Because it makes the best of the worst which can happen,

a3 is A's optimal choice.

Rival B follows the same procedure.

Since his pay-offs are the negative of these in A's matrix, he looks
for the best outcome to A (and, hence, the worst outcome to himself)
in each column of A's pay-off matrix.
b2, and +6 for b3.

These are +8 for b1, -1 for

The worst of these best outcomes from A's view-

point is -1 associated with strategy b2.
max strategy.

This is B's optimal mini-

The set of strategies a3b2 turns out to be a stable

solution or saddle point to the game since each participant's expectations about its rival's choices are confirmed.

That is, B, in

fact, chooses the strategy b2 which is least favorable to A given
A's choice of a3.

Not all zero-sum gaines have simple solutions, but Von Neumann

and Morgenstern showed that for all two-person zero-sum games there
exists a minimax strategy which promises each participant higher
average pay-offs than any alternative set of strategies assuming
that each rival intelligently tries to maximize the expected value
of its pay-offs.

The minimax strategy of game theory is not an

optimistic strategy; it assumes that rivals will take those actions
least favorable.

From one's own viewpoint, it is, in fact, much
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too pessimistic to describe most oligopoly behavior realistically.
The kinked demand curve theory has been employed to explain
why oligopolistic firms avoid frequent price cutting.

The theory

assumes that oligopolists face two different subjectively estimated
demand curves:

one describing the quantities they will sell at

various prices, assuming that rivals maintain their prices at present levels (the Cournot assumption), and the other describing the
amount of output sold, assuming that rivals exactly match any price
changes away from the present level.

The latter curve has the same

elasticity at any given price as the overall industry demand curve.
The first, however, is much more elastic.

If Firm 1 raises its

price while rivals hold their prices constant, the quantity of output demanded from Firm 1 will fall off much more sharply than it
would if all sellers matched the price increase.

If Firm 1 lowers

its price while rivals do not, it will make inroads into their
market shares and the quantity of output it can sell will be greater
than it would be if rivals matched the price reduction.
curves interact at the current price level.

The two

Figure 3 illustrates

these points, assuming the current price to be OP per unit and the
quantity supplied by Firm 1 to be OX.

DEF is Firm l's demand curve

assuming that rival firms hold their prices at OP per unit no matter
what Firm 1 does.

GEH is Firm l's demand curve, assuming that

rivals match Firm l's prices.

DS is the marginal revenue curve

associated with demand curve DEF, and GR the MR curve for demand
curve GEH.

The key assumption of the kinked demand curve theory is that
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FIGURE 3.

Derivation of the kinked demand curve.
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if Firm 1 raises its price, rivals are expected not to follow the
increase but to enjoy an increase in market share at Firm l's ex-

pense due to the newly created price differential.

If, on the other

hand, Firm 1 reduces its price, rivals are expected to match the
cut promptly in order to avoid losing their own market shares.

When

these pessimistic assumptions are held, only the more elastic demand
segment DE is applicable for contemplated increases above the current
price by Firm 1, while only the less elastic demand segment EH is
applicable for price cuts by Firm 1.

So the complete demand curve

is composed of these two segments DE and EH with a kink at the current price OP and output OX.

For the remaining demand curve segment DE, only the MR segment
DM to the left of the current output level is applicable.

For the

remaining demand segment EH, only the segment NR to the right of
the current output is relevant.

We know that to maximize its profit

a producer must equate MC with MR.

Let us see what implications the

kinked demand curve has for an oligopolist's maximizing decisions in
the face of cost and/or demand changes.

Suppose initially that

Firm 1 faces cost conditions represented by MC function MG1 (Fig. 4).
Then output OX will be optimal for, at lower outputs, MR exceeds

MC1 providing an incentive to expand while at a higher output MR
is less than MC.

So that profits may be increased by reducing the

quantity supplied, an important implication of the kinked demand
curve theory is that the same output OX and price OP will be opti-

mal even after a change in cost conditions, as represented by either
the higher MC function MG2 or the lower curve MC3.

In both new
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FIGURE 4.

The effect of cost changes.
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situations the MC function cuts the MR function in the latter's
discontinuity so there is no incentive either to expand or contract
output.

Only with a very substantial change in costs to MC4 will

there be an incentive to move a new output and higher price.

The

same rigidity of prices follows for moderate shifts in demand in
Figure 5.

For example, the original situation is reflected by de-

mand curve DEFI kinked at the price OP; with the corresponding marginal revenue function DLXR.

Should a recession influence the indus-

try, the demand curve shifts horizontally to the left to ABC, and
the corresponding new MR function is ATIJV.

In both cases MC con-

tinues to cut the MR functions through their gaps, so there is no
incentive to change the price although output will be reduced to OY
to clear the market in the face of reduced demand.

In summary, the kinked demand curve theory yields two main predictions:

(1) when the constant shares demand curve is relatively in-

elastic, oligopolists will avoid price cutting since they expect that
matching cuts by rivals will cancel any profit gains, and (2) oli-

gopoly prices will tend to be rigid in the face of moderate cost and
demand condition changes.

There is evidence that oligopoly prices

are adjusted less frequently than prices in perfect competition industries.

When price structures are complex, cost considerations

may discourage frequent price revisions since a certain amount
of administrative toil invariably goes into price-making decisions,
since the costs of printing and widely dispersing new price lists
are important.

Consequently, oligopolists are aware that frequent
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frequent price revisions may endanger industry discipline.

Coopera-

tion to maximize joint profits is often a fragile thing, particularly as discussed earlier, when cost curves and market share differ

When formal coordination mechanisms are

among industry members.

lacking, price changes may be misinterpreted as aggressive moves
to be met by a vigorous counterattack.

Given the risk that price

warfare may break out if a price change is misinterpreted, oligopolists may choose not to go with any announcing changes only when
cost or demand conditions have altered so clearly as to leave no
danger of misinterpretation.

However, the assumptions of the kinked

demand curve theory are violated when incentives for a price change
appear either simultaneously or sequentially for several members of
the oligopoly.

As a result, the theory cannot explain how prices

change or how they settle down at new levels when cost or demand
conditions alter, even though it can explain why they remain stable
once they do settle down.

The first approximation to a theory of

oligopolistic pricing predicts a tendency toward the maximizing
of collective industry profits, yet adoption of joint profit maxi-

mizing policies is not automatic or easy, especially when industry
members have diverse and conflicting opinions about the most favorable price structure.

In order to answer what processes of coordi-

nation and communication operate to resolve conflicts, the discussion
will be about institutions that facilitate oligopolistic coordination.

1.

Agreement among Sellers

The most comprehensive means of coordinating prices is a formal
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agreement among sellers.

The agreement may cover nothing more than

the price which all sellers will charge for the product.

It may go

farther by dividing markets and allocating a private territory.

The

term "cartel" is usually applied to enterprise and formal agreements which divide up markets, although no sharp line exists to
divide the cartel from less complete agreements.

In the U.S., the

antitrust laws make cartel agreements illegal in most industries.

2.

Price Leadership

Price leadership is a pattern of seller coordination that demands
no formal organization among its members.

By this arrangement,

changes in industry prices are first announced by the leader which
is usually the largest firm in the industry.

The other firms which

follow make the same price changes with little or no time lag.

The

leader, even when not the largest firm, always holds a substantial

share of the market and normally is an old timer in the industry.
Price leadership is most likely in oligopolies selling undifferentiated products.

In these industries the sellers' market shares shift

drastically if differing prices are charged for the same product.
Patterns of price leadership, like patterns of formal price agreement, may vary greatly from industry to industry.

The leader may

always be followed promptly or the followers may delay in matching
his price change.

The leader may always initiate price changes for

the industry, or occasionally the role may go to one of his larger
rivals.

The followers may stick rigidly to their announced prices,

or they may occasionally offer "special deals" or discounts which

might eventually force the leader to make a price cut.
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Tacit Coordination
In some industries, firms seem able to take one another's re-

sponses into account without betraying any internal signs as clear
as price leadership.

In the case of an industry dominated by a few

firms, and with substantial product differentiation, the differenti-

ation removes some of the pressure for uniform prices.

Suppose

that each seller knows the others will change their models at certain regular times, and in a generally predictable way.

Suppose,

also, that each seller knows roughly how each of his rivals calculates his price and changes that price in response to changing cost
and demand conditions.

With this much information, all sellers can

independently announce the same price changes and keep prices at a
level yielding some monopoly profits to the industry without any
explicit collusion at all.

U.S. Pesticides Industry
This discussion can now turn to the pesticides industry in the
United States.

First, it should be mentioned that the pesticides

industry is a major category within the chemical industry.

This

field is vast and complex and, despite the large number of small independent firms, a few giant companies exert a pervasive influence.
The nature of the technology has resulted in horizontal, vertical,
and circular expansion.'

Even though many processes may differ in

'Vertical integration means linking technically successive processes under a single management; horizontal combination is bringing
Notes:

The following discussion is based on Byron (1976), Eichers
(1980), Eichers (1981), Frost and Sullivan (1978), Reuben
(1973), Sharp (1982).
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detail, the fundamental techniques for transforming a few basic raw

materials such as air, water, coal, petroleum, wood, metallic ores,
and salts into a great variety of useful commodities are relatively
few.

Chemical technology is not only fundamentally homogeneous, it

is also enormously complex.

It is economical for chemical companies

to broaden and diversify their operations, particularly to make the
most of joint products and by-products.

This spreads the risks

which are especially great in an industry so subject to radical technological changes.

It also spreads the overhead costs of plant and

equipment administration sales and research.

Chemical research

has become so large that only a company with a wide range of interests can afford to maintain the staff and laboratory facilities required to keep abreast of all of the technical developments.

One of the important elements of market structure is seller concentration.2

The concentration ratio for a monopoly would, of course,

be 100 percent.

In a competitive industry, the ratio for the largest

four firms would have to be very small, perhaps five to 10 percent.
The ratio for an oligopoly would be between these limits.

The concen-

tration ratios for different industries usually give a fairly accurate

picture of where they stand comparatively from pure competition to
pure monopoly.

The production of pesticides is highly concentrated with

a few

together under unified control whether or not by a single management,
two or more enterprises producing goods of the same kind. Circular expansion is the addition of cognate lines of products to these already
being made up by a firm. The techniques may or may not be similar.
The products may or may not be complementary.
2To compute a concentration ratio, we rank firms in order of size,
starting from the largest in the industry (size measures either in
sale or employee), then add up the percentage for the top X firms.
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business.

In the pesticide industry, however, a leading position at

any one time is no guarantee of continued dominance.

In fact, there

is considerable volatility in the relative positions of the leading
firms.

This volatility can be attributed to the overriding impor-

tance of one or a few large-volume products in determining the producer's leading position.

Pest resistance, the introduction of a new product, or government restrictions may just as suddenly remove it from that position.

Patents which provide protected markets also expire after a specified
period of time, permitting other companies to produce and market a
once exclusively held product.

For leading insecticide producers,

positions have changed as the use of many organochiorine insecticides
were substantially reduced or eliminated.

For, example, the second-

ranking insecticide firm in 1966 dropped to seventeenth place in 1976

and the second-ranking insecticide firm in 1976 ranked ninth in 1966
(Table 11).

In terms of concentration ratios for insecticides in 1966, four

firms accounted for 53 percent of the products available for sale.
In 1976, the ratio was 52 percent.

The first and most complex phase in the process of pesticide
production consists of synthesizing the technical chemicals from
various raw materials.

This phase usually requires substantial

capital and technical background to conduct research, and to construct and operate processing facilities.
The second phase in the pesticide production process is product
formulation.

In this phase emulsifiers, solvents, and the other

Table

11.

Insecticides:

Ranking of Leading firms by active ingredient purchases by
farmers.

Percentage of total purchases
(active ingredients)

Firm

RANK

1976

1966

18.2

24.2

1

1

14.2

3.6

2

9

9.9

3.5

3

10

D

9.5

1.6

4

16

E

.7

14.8

17

2

0

10.3

SOURCE:

1976

The Farm Pesticide Industry, USDA Economics Statistics, and Cooperative
Service, Agricultural Economics Report No. 461, 1980.

1966

3
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materials are mixed with a technical chemical to stabilize it.
The pesticide industry is subdivided by classes of pesticides products such as herbicides and insecticides and further disaggregated
by specific crops such as corn herbicides, or cotton insecticides.
Government regulations play an important role in shaping the pesticide industry.

The public's interest in pesticides is twofold:

pesticides are needed to assure adequate supplies of food, and
adverse side effects of pesticides can create health and environmental problems.

Public action concerning pesticides has resulted in rules and
regulations to safeguard people and the environment.

Most of the

major restrictive actions in the past resulted in complete or nearly
complete elimination of farm use of specific pesticides.

Since

1970, most uses of DDT, mercury, aidrin, dieldrin, and others (chiordane and heptachior, ...) were greatly curtailed, including those
which the homeowner found desirable for the protection of ornamental
plants and lawns.

The other element of market structure to be discussed is production differentiation.
groups:

Chemical products have been divided into two

undifferentiated and differentiated (Byron, 1976).

Undif-

ferentiated materials are usually those with specific chemical
formulas that are produced in substantially identical forms by a
number of suppliers.
for what they contain.

All are sold to specification of composition
By contrast, differentiated products are

materials that are either produced with real differences among
products of different suppliers or at least marketed with imputed
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differences as in the case of consumer goods where the differences may
be more apparent than real.

The differentiated products are generally

used in only one or, at the most, a few different applications.

They

are nearly always sold, not according to their composition specifications, but according to how they perform in use.

If we add this concept of differentiation to the traditional division into products of high and low volume, we can divide all chemical
products into four broad classes.

Under this scheme true commodities

are defined as compounds that are synthesized in large volumes which
are produced to generally accepted corporation specifications, usually
for a variety of end uses, and widely used by many customers.

Exam-

ples are tonnage synthetic chemicals which are both organic and inorganic.

Fine chemicals like commodities are undifferentiated compounds,

generally unpatented.

However, they are synthesized in low volume.

Examples are low-volume intermediates and inedicinals.

Pseudo-

commodities are differentiated end-products that are akin to true com-

modities in that they are synthesized in large volume.

However, unlike

true commodities, they are not produced to composition specifications,
but to specifications of performance in one or more related uses;
examples, man-made fibers.

The remaining category, specialty chemi-

cals, includes differentiated end-products that are formulated or
synthesized in low volume, generally from purchased raw materials designed to solve specific customer problems and often distributed to
a relatively large number of customers, each buying in relatively
small volume.

Formulated pesticides belong to this category.

Barriers to entry comprise another major element of an industryts
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market structure.

The many causes which come to mind fall into two

analytical categories.

Scale-economy barriers to entry arise when firms do not achieve
the lowest possible cost until they have grown to occupy a large position of the national market.

A second general type of impediment to

entry goes by the name of Absolute Cost Barriers.

It covers anything

which makes the production cost curve of a new firm above that of a
going concern.

In this case, the new firm faces a cost disadvantage

over the old one at any output level it chooses to produce.
cost barriers arise from many sources.

Absolute

Established firms may possess

valuable know-how concerning production techniques.

The going firm

may have patents granting it exclusive rights to certain product

features or processes which the new firm can secure only by paying a
royalty or spending the funds necessary to develop substitutes.

Another absolute cost barrier to entry can rest on the cost of capital
to a new firm.

In order to see which of these causes can be attributed to the
chemical industry, some of its characteristics should be mentioned.
The chemical industry is among the heaviest investors in capital equipment.

It is heavily dependent on scientific knowledge and experience.

The chamical industry is not a large employer of labor in many instances.

The processes are continuous, automatically controlled

but needing skilled labor.

One of the issues that is important

and exclusively related to pesticides is research and development
cost.

Innovation is an essential ingredient of good market performance.
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The development of new pesticide products is a major factor which has
contributed to the continuing turnover among leading pesticide producers.

Environmental attack on certain pesticides has placed a

great deal of pressure on the chemical companies' research and development activities to defend their products.
The restriction in the use of some major insecticides means
that new programs must be adopted or accelerated to research and
screen new groups of compounds for insecticidal activity.

Total

new product research and development costs for 30 major producers
amounted to above $290 million in 1978.

This compares with a total

of just over $60 million during 1967-70 (Eichers, 1980).

While the

increasing complexity of pesticide chemicals has contributed to
this increase, an important share can be attributed to increased
field testing and development, mainly because of increased (EPA)
Environn-iental Protection Agency requirements.

With increasing re-

strictions on existing products and the high cost of developing new
products, an increasing share of the pesticide research is being devoted to protecting and expanding existing registrations.

Thus, it

seems that increasing amounts of capital needed for effective research and development operations can cause a real barrier for expanding the number of participants in the industry and also will
tend to restrict the number of new products among the companies that
are already in the industry.

Pesticides are classed as either proprietary (patented) or nonproprietary.

Proprietary products enjoy the protection of a patent
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guaranteeing the exclusive rights to a chemical under the conditions stated for a period of 17 years and with significant modifications for another 17-year period (Frost and Sullivan, 1978, p.
97).

Proprietary pesticide products, like pharmaceuticals have a

distinct price advantage.

Pricing a proprietary product tends to

include a rapid recovery of development costs coupled with recognized performance that can result in improved yields and economic
return to the farmer or user.

Manufacturing profit margins for

proprietary products are high (45 percent by average) since a high
level of research and development costs must be recovered for the
numerous failures that do not make it to market.
Pricing of non-proprietary products or commodity products becomes

a function of the competitive climate surrounding the individual
product.

In many cases, these are products whose patent coverage

has expired and other producers have entered the marketplace.

Toxa-

phene, 2,4-D, chiordane, aidrin, and malathion are products manufactured by several companies.

Competition in a patent-expired

pesticide does not necessarily mean a sharp drop in price.

Regis-

tration cost for a new supplier makes it difficult to enter the
market unless the market is still in the rapid growth stage and
is sufficiently large.

If the growth rate for this product or pro-

duct class has slowed, then one can assume that a new entrant will
possibly only lower the selling price to the consumer.

In other

words, there is an identifiable life cycle associated with the
pricing of chemical products.

In general, most products in chemical
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industries go through complete life cycles in a few decades from
In the

youthful newcomers to tired oldsters requiring replacement.

spring, there is only one manufacturer who is struggling to finance
costly investments in marketing, advertising, manufacturing facilities, inventory build-up, and government certification.
of profit lies in the distant future.

The hope

Many products fail at this

phase, leaving the innovative entrepreneur disappointed.

In the

summer the product that survives is gaining acceptance in the
marketplace.

Being the first means a good margin of profit, but

also means that sweet smell of success draws many competitors who
try to enter the market.

Research on product improvements continues

to be very important since it enables the product to penetrate more
markets and to compete favorably with new products from competitors.
When the autumn arrives, the growth period is over, and market
saturation is being felt.

The profit margin declines from what it

was in the summer and competition between the numerous manufacturers
leads to the disappearance of the less efficient producers.

Manu-

facturing costs must be reduced by superior engineering and larger
scale low-cost manufacturing units need to be designed if a firm
is to survive in this period.
turn overripe in the winter.

The product is mature and may even
In fact, the product is in danger of

being "phased out" by more vigorous newcomers that are in the springtime of their cycle.

Pesticides Industry in Mexico

Until 1959 Mexico's demand for pesticides was entirely satisfied
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by imports; however, in that year a factory with an annual 4,500-.

ton capacity started to produce DDT.

The process of import substi-

tution began and has continued until now.

The national markets for

pesticides in Mexico, as well as the other Latin American countries,
are dominated by major multinational groups.

However, in addi-

tion to these multinational groups, there are other types of firms
that are active in the industry to varying degrees.

The different

types of companies in the industry can be categorized as follows:
Multinational pesticide manufacturers who produce the active
ingredients of each pesticide and who may operate in one of
several ways in a country, often through local subsidiaries.

National manufacturers of active ingredients who may have developed their own processes or have obtained technology from
elsewhere.

Formulators of pesticides which usually restrict their
activities to their own country and are involved in the preparation of end-prodtcts from imported active ingredients.
Wholesalers and importers, whose function is the distribution
of pesticides for the manufacturers and formulator to supply to
the various outlets.

Local agricultural merchants and dealers who generally handle
a wide spectrwn of agricultural materials, including machinery
and equipment.
cooperatives.

These types of concerns include local
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The multinational companies sell pesticides either through their
local subsidiaries and/or local agents and distributors.

Local

subsidiaries are often multidimensional in their activities and are
not exclusively concerned with pesticides.

They establish their

local subsidiaries where local laws permit and the size of the market
is sufficient.

This can range from a small sales operation to a

completely integrated manufacturing, packaging, distribution and
sales unit.

Local manufacturers may provide three functions:
manufacture of active ingredients of the pesticide;
formulation of imported or locally produced active ingredients into the end-product;

packaging of the ready-to-use formulations for the ultimate
consumer.

Growth occurs usually in the inverse order of the above;
the initial operation consisting of packaging for the local
market, followed by setting up of formulation plants using imported
active ingredients, with production of the biologically active chemical as a final step.

There are several reasons for the local manufacturer of the
active ingredients to be encouraged in a particular country.

In

general, some of the arguments for supporting local manufacturers
can be stated as follows:

local production would result in increased usage and, hence,
higher crop yields;
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would provide employment;

would prevent interruption of supplies because of rise in
demand in exporting countries;

provide greater control by the government on which
materials are used;

make supply less dependent on the uncertainties of foreign
exchange;

would create prestige for the government of the country of
interest.

There are also arguments against:

i.e., There is already a

world capacity for the manufacturer of some pesticides considerably
in excess of consumption, and adding to this capacity would only
reduce the production of the existing plants.

The saving in foreign

currency is often illusory since the import of intermediates, sol-

vents, raw materials and technical skills may well make such saving
negligible or even negative.

Another important consideration is the

uncertainty concerning the future of any particular pesticide.
Some of the characteristics of the pesticide industry rele-

vant to developing countries will now be summarized.

Availability of Technology

Technology is not usually available as the result of local
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research and development efforts.

It can often be obtained from

foreign firms by three methods:

licensing for a royalty fee,

direct investment by a foreign firm, often as a joint venture
with a local organization, and
copying of process know-how and technology.
Most available technology for the production of pesticides originates from the multinational firms in industrialized countries.

Availability of Personnel

The production of pesticides, including the various associated
activities, is relatively skill-intensive.

Personnel with the

appropriate background qualifications and experience are required to be involved in the manufacture, formulation, packing distribution, and selling of the products concerned.

This is usually

a problem in developing nations.

Supply of Raw Materials

Unavailability of appropriate raw materials in the country can
create problems for pesticide-industries, especially for a country
with difficulty for foreign exchange.

Investment

There are three classes of investment in the pesticide industry, notably:
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innovatory investment:

This is concerned with major new

products or groups of products and, consequent1y, is found
mainly in U.S. and Western Europe;
protective investment:

This is associated with products for

which the patent life is nearing expiration and is usually
on a large scale.

It is generally less common than innova-

tory investment;

aggressive investment:

This applies to established products,

often on a bulk commodity basis, where there is little or no
patent protection.

The intention is to provide sufficient

capacity to deter the competition.

In an industrialized country, the third class of investment is
more frequently practiced by the smaller firms in the field.
It also is particularly common in Mexico and in whole regions of
Latin America.

Scale of Production

For most products, there is a minimum economic size of production unit.

The small size of local markets means that only small-

capacity plants can be justified which prevents the producers
from achieving economies of scale unless a cooperative arrangement
with one or more other countries, possibly in the same economic
block, can be arranged.

On the other hand, economies of scale

occur most spectacularly in the transition from small to mediumsized plant.

A local producer, particularly if he is under
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government protection can stay in business even if it operates on
a scale less than plants in the U.S. and Europe.

Some of the present multinational and local companies that are
active in Mexico are shown in Table 12.

In 1976, 67 percent of

total sales of pesticides measured in pounds of product, were made
by four companies:

Guanomex, 40 percent; Polaquimia, 11 percent;

DuPont, nine percent; and Quimica Organica, 6.9 percent.

With

insecticides, 91.7 percent of sales belonged to the four largest
companies (Guanomex at 67 percent; Quimica Lucana, 11.4 percent;
Diamond, 10.2 percent; and Quimica Organica, 2.9 percent).

For

herbicides, 66.7 percent of sales belonged to the two largest
companies with Polaquima, 60.9 percent and Quimica Organica, 5.8
percent.

In the case of fungicides, 62 percent of sales belonged

to two of the largest companies, with DuPont controlling 35.6 percent
and Quimica Organica, 16.7 percent.

In terms of production and im-

ports, CIBA-Geigy was the major pesticide supplier in 1976.

Sales

by companies are detailed in Table 13.

Insecticide sales by major product in 1976 show that 26 percent were of parathion, 13 percent of toxafene, 13 percent of DDT,
nine percent of sevin, six percent of malathion, and 33 percent of
other products.

Tables 14 and 15 show the kind of pesticides that Mexico has
produced in each decade.

Tables 16 and 17 list pesticides regis-

tered for sale in Mexico and restricted or cancelled resigrations.
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Table 12.

Major Pesticides Companies in Mexico.

Name of Company

CIBA-Geigy
Bayer
BASF

Dow-Chemical
DuPont

Hoechst
ICI

Union Carbide
Shell

Cyanamid
Rohn

Haas

Quimica Organica
Quimica Potosi
Guanamen (now Fertimex, Mexican state-owned
company)
Pol iquimia

Quimica Lucava
Productos Basicos
St auffer

Eli Lilly
Monsanto

SOURCE:

Frost and Sullivan.
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Table 13.

Major Pesticide Company Sales - 1976 (Million U.S. Dollars)

Insecticide

CIBA-Geigy

8.0

Herbicide
10.0

Fungicide
.4

Total
18.4

Guanomex

15.2

Bayer

12.3

.8

.4

13.6

DuPont

3.2

1.6

4.0

8.8

Union Carbide

6.4

4

VIMSA/VELSICOL

4.0

Shell

5.2

.4

All Others

5.6

12.4

6.0

24.0

60.0

25.6

12.8

98.4

TOTAL

SOURCE:

Frost and Sullivan.

15.2

6.8

2.0

6.0

5.6
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Table

14.

National Production of Pesticides in Mexico.

1950's Decade

Arsenate

1950

Calcium
DDT

SOURCE:

1959

1960's Decade
To:afene

1962

PCNB

1963

Penta Cloro
Fenol

1964

Acid 2,4-D

1964

Acid, 2,4 5-T

1964

DDVP

1965

Merfos

1965

Vapam

1965

BHC

1966

Mexican Pesticide Industry Association.
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Table I S. National Production of Pesticides in Mexico.

1980's Decade

1970's Decade

MSMA
HIDROXIDODE
COBRE TRICLORFON
OXICLORURODE COBRE
AGRIMIC INA

ENDRIN
NALED
PARATHION METILJCO
TRIFLIJRALIN
TRIAZ INAS
PROPANI L

DIURON
DIFACIN
MALATHI ON

MEVIMFOS
CAPTAN
FLUOMETIJ RON

OLEATODE COBRE
AZINFOS METILICO
PARATIONETI LICO

CUMACLOR
MONOCROTOFOS
PARAQUAT
CAR BENDAS IN

OMETOATO

SOURCE:

1970
1970
1971
1971
1972
1972
1972
1972
1973
1973
1973
1973
1973
1974
1975
1977
1977
1977
1978
1978
1979
1979
1979
1979
1979

Mexican Pesticide Industry Association.

WARFARINA
TIOLCARBAMATOS
PERMETRINA
CYPERNETRINA
METAMIDOFOS
DIMETOATO
FENVALERATE

1980
1981
1981
1981
1982
1982
1982
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Table 16.

Pesticides Registered for Sale in Mexico.

INSECTICIDES

COMMON NAME

TRADE NAME(S)

Acefate
Aldicarb

BHC

Orthene
Temik
Gusation Etilico; Diasution; Cotnoin
Etilico
Gusation Metilico; Gusation Ultra;
Diazution M-25; Fosforotion
Lexone; Gy-ben

Binapacryl
giotion
Carbaryl
Carbofuran
Carbotenotion

Acricid
Abate
Sevin; Salivazo dragon; Sevimos
Furadan; Curater
Trithion

Clordana
Clordecone
Clordimeform
Clorfenvinfos
Clorbencialto

Kyl-fog; Hormifin; Cloratox; K-b
Depone
Galecron; Fundal
Birlane
Akar

Cl orp in fo s

Lorsban

Azinfos-tyl
Azinfos-Metyl

Cyolane
Cytrolane
DDT
Demeton nietyl

Gesarol; Plantexel
Metasystox

Diniethoato

Basudin; Diasitox; Diazol
Keltane
Bidnin; Carbicron
Rogor; Roxion; Perfection; Toxato;

Dinocap

Karathane

Disulfoton

Di-Syston

Diazinon
Dicofol
Dicrotofos

Diat ion

Dyfonat e

Endosulfan
Endnin
EPN

Thiodan; Thionex; Toxidion
Tulak 110; Palmairol
Ephention

Ethi on

Fensulfotion
Fention
Fetoato
Forato

Terracur
Lebaycid
Cidial
Thitriet
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Table 16, continued

Fosfamidon
Foxim
Gardona
Heptacloro
Leptofos

Dimecron
Volaton

Lind ana

Prolix P-i; Prolin; Gorgolin; Gorgojil;
Granosane; Lindaleno; Granero,
Cerealin
Cythion; Nipotox; Toxition; Fifanon;
Lucation

Malation
Metaikamate
Metaldehido
Methomyi

Metoxicloro
Met amido fos

Metiocarb
Menvjrifos

Heptacior; H-360; Ferticlor; Pastoform
Phosvei

Bux

Diacaracol; Matacaracol
Lannat e

Marlate
Tamaron; Hamidop
Sincaracol
Phosdrin; Fosforhuii

Mirex
Monocrotofos
Naled
Omethoato
Parat ion

Paration Metilico

Azodrin; Nuvacron
Dibrom; Ciorhuil
Folimat
Paration Etilico; Parafos; Clave 1SO4;
Difathion E-605
Foley; Parafos M-50; Matador 141;
Folidol; Diapar; Toxiton; Parametox;
Quimagro 3; Parmet

Perthane
Pri iniicarb

Primor
Imidan

Poriate
Propargite
Protoato

Omit e

Tetraci fon

Ted ion

Fac

Than it e

Tiometon
Toxafen 0
Tn ci orofon

Zinofos
Arasenias de Calcio
Pljctran

Ekatin
Aspersion; Diamond-800
Dipterex; Clorhuil; Lucavex, Diptox

Nemafos
Spraca 1

77

Table 16, continued
FUNGICIDES

Anilazine
Azufre

Dyrene

Diasufrol; Az-cob

Benomyl
Capt a fo 1
Capt an

Benlate

Difolatan
Capto-dragon; Orthocide; Merphan

C arb ox in

Chinoinethjonat
Ciclohexjrnjda
Cloroneb
Chorotalonj 1

Diclofluanjd
Dodine

Edifenfos

Vitavax
Morestan

Acti-dione

Demisan
Daconi 1
E up a r en

Me iprex

fenaminosult

Hin os an
Mocap
Dexon

Fentin-acetato

Brestan

Etoprop

Folpet
Hidroxido Cuprico
Kasugarnic in
Maneb

Phaltan; Folpan
Kocide 101; Hidroxil
Kasumiri

Manzate; Fungozate, Diamaneb,
Manganeso; Fungisol-M; Sperlox "MCF";
Manzin

Nemacur

Oxicarboxjjn
Oxido Cuproso
PMA

Prop ineb

Quintozeno
Streptomycin - Agriinicin

Sulfato de Cobre Tribasico

Plantvax
Cuprosol
Mist-O-Matic
Antracol
PCNB: Trigran

Tricobre; Tricobyl 53; Cotricobre;
Trioxil; Coppertryl; Gy-cop

- busan
Terrazole
TCMTh

Thiram

Tiabenazole - Tecto
Upritan
Z in eb
SOURCE:

Arazan; Tersan; Fvershield-T
Parzate

Frost and Sullivan.
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Table

17.

Pesticide Registrations Restricted or Cancelled - Mexico.

PRODUCT

EFFECTIVE

REASON

Aldrin

Cancelled

1975

Toxicity

Dieldrin

Cancelled

1975

Toxicity

Chiordane

Cancelled

1977

Heptachlor

Cancelled

1977

Phosvel

Cancelled

1977

Carcinogen

Galecron Fundal

Cancelled

1977

Mirex

Cancelled

1976

Mistake in
Manufacture
Persistence

Kepone

Cancelled

1976

Persistence

DDT

Restricted

1972

-

Endrin

Restricted

1972

-

SOURCE:

Frost and Sullivan.

-
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Consumption of Pesticides in Mexico

In terms of percentage of usage of different groups of pesticides in 1976, 67 percent of the value of pesticides used was for
insecticides, 22 percent was for herbicieds, and 11 percent was for
fungicides (U.N. Industrial Development Organization, 1979).
According to the same reference, in 1978 50 percent of insecticides
was used in cotton, 15 percent in vegetables, 10 percent in corn,
sorghum, five percent in soybeans, and nearly one percent in fruit
and rice.

Twenty-four percent of the herbicides was used on corn,

nearly 15 percent on sugar cane and rice, and nearly 10 percent on
pasture, cotton, wheat and sorghum.
In the case of fungicides, 20 percent was used in wheat and

to-

matoes, nearly 10 percent for cucumbers, and almost five percent in
potatoes, cotton, and strawberries.

In 1981, 40 percent of insecti-

cides were used in cotton, 15 percent in corn, seven percent in tomatoes, and 6.5 percent in soybeans.

For herbicides, 28 percent was

used in corn, 20 percent in sugar cane, and nearly 13 percent was
used in rice.

For fungicides, 18 percent was used in tomatoes, 19

percent in fruits, 21 percent in potatoes, and 31 percent in wheat
(Don Badulescu C., Hoechst Company, personal communication).

Insecticides form the most important group of pesticides in
Mexico.

Various references showed that cotton is a major con-

sumer of insecticides in Mexico.

Nevertheless, there is a con-

tradiction between the exact percentage of usage.

According to

two studies which have been done at the University of Chapingo

80

(previously mentioned), 80 percent of insecticides have been used
for cotton.

Also, according to the farm census in Mexico, taken

in 1960 and 1970, the cotton-growing regions are the largest con-

sumers of pesticides; that is, according to the farm census, the
growing cotton regions are those regions that have the highest cost
of pesticides.

Table 19 shows the states that have the highest pesticides
cost and Table 20 shows the states that have the highest cotton production in the country.

Comparing these two tables shows that there

is a close association between the amount of cotton production and
the cost of pesticides in each state.

Data from the last census

(1970) revealed major differences in total farmers' expenditures
between the more advanced and more backward parts of the country.
Thus, in Sonora and Baja

California, average total expenditure per

acre of crop land was ten times that of Zacatecas and Guerera.

Also, according to Table 21, 37 out of 54 pesticide factories in
Mexico are located in cotton-growing states.

Mexico's Pesticide Imports

As previously mentioned, until 1959 the total domestic consuinption of pesticides was met by imports.
cides to Mexico has been the U.S.

The major exporter of pesti-

In 1970, 66 percent of total pesti-

cides imports came from the US. (computed by author).

However, in

the 1970s., Mexico expanded its imports from other countries,
especially Europe.

In the 1970s, Mexico's trade partners (exporters

of pesticides) besides the U.S., have been West Germany, France,
Switzerland, Italy, Holland, and Japan.

81

Cost of Pesticides (insecticides, herbicides, fungicides)

Table 18.

Total Cost of Pest Control
(thousands of pesos)

State

1960

1970

Sonora

28,965

105,312

Baja

California N

16,739

52,911

Baja

California S

707

8,760

10,440

51,632

56,851

218,698

Coahuila

10,243

31,020

Chihuahua

16,581

19,084

Durango

11,187

16,794

38,011

86,898

21,469

27,375

1,308

30,822

10,389

19,899

Sinaloa

TOTAL FOR NORTHWEST REGION

TOTAL FOR NORTh REGION

Tamulipas (Northeast)

Michocan (West, center)
Chipas (Gulf, south)

SOURCE:

Computed from Mexican Farm Census, 1960 E 1970.
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Percentage of Total Cotton Production in Different
Regions in Mexico

Table 19.

Percentage of Cotton Production
in Each Region on Average
States and Regions

(1970-77)

Sonora
Baja

California N

Baja

California S

Sinaloa

Northwest region

59.0%

Coahuila

Chihuahua
Durango

North region

20.0%

Mi choacan

West, center region

7.5%

Chipas

Gulf, south region

7.0%

Tamulipas

Northeast region

SOURCE:

2

flO
V0

Computed from Annual Reports, Department of Agriculture,
Bureau of Agricultural Economics, Mexico.
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Table 20.

Distribution of Pesticides Factories in Different
States of Mexico (1966).

State

SOURCE:

Number of Plants

Bajacalifornia. N

4

Bajacalifornia S

1

Chiapas

1

Chihuahua

1

Coahuila

3

State of Mexico

7

Hidalgo

1

Mexico DF

3

Michoacan

2

Morelos

2

Nuevoleon

2

Sinoloa

5

Sonora

9

Tamaulipas

13

TOTAL

54

Guide to the Market of Mexico (3rd ed.), Mexico, DF,
1968.
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Mexico deliberately reduced imports of pesticides by stimulating domestic production since 1960 (Kate and Wallace, 1980).

It must

be remembered that the import substitution process takes place not
only when the absolute amounts of imports diminish, but also in a
growing economy when the amount of imports increase.

Therefore, as

a reference point, it will be described as so-called normal growth
of imports and each deviation from this hypothetical normal growth
will be interpreted as import substitution.

Nevertheless, it should

be clear that the concept of normal growth is, to a certain extent,
arbitrary, and there are no strong reasons for assuming one sort of
growth more normal than another.

The assumptions of normal growth of imports consist of considering that imports maintain the same ratio to domestic demand as in
the base year, designating this ratio for the base (o) and the final
year (1) by:

U

0

The symbol IS'
terms.

Mo
DDo

= U

and

U1

=

- U1 measures import substitution in relative

The relative measurement is the change in the ratio of im-

ports to domestic demand between the base year and the year ending
the period (Kate and Wallace, 1980).

Before Mexico began producing pesticides in 1958, 100 percent
of consumption was satisfied with imports; comparing this and the
final year 1976 when 40 percent of the total consumption of pesticides came from imports, shows that import substitution policies
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for pesticides in Mexico have been moderately successful.

Policies of Protection in Mexico

Two of the basic goals emanating from the Mexican revolution
were an imprecisely defined desire of social justice and the reduction of social, economic and political dependence upon stronger
countries.

Through agrarian reform, it was believed possible to

attain social justice for the peasant masses.

President Cardenas

launched the country into massive land redistribution during the
mid-l930s.

The circumstances prevailing during the first half

of the 1940s succeeded in awakening large, public and private sector
groups to the possibility of industrial growth as a means for reach-

ing not only wealth, but also the goal of certain social justice.
The latter is defined as an increase in average income and national
independence.

It is in this general and very simplified content that

the tools of protection will be described.

Protectionist policy can be interpreted both in a restricted
and broad sense.

The restricted interpretation refers fundamen-

tally to the technical instruments employed to prevent imports
of products competitive with domestic production in Mexico.
instruments are principally tariffs and import permits.

These

According

to the broader sense, protectionist policy includes a number
of instruments which have tended to largely favor industrial
policy.

So, it includes a whole series of measures such as export

taxes, price controls, etc., tending to maintain low prices for
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raw materials, a policy which has mainly led to the disprotection
of the primary sector.

Following is a description of the two technical instruments
of protection:

Tariffs and permits.

Some Aspects of Tariff and Direct
Control Policy

Since 1947, the principal instruments of import policy and, in
reality, industrial policy, have consisted of a combination of
tariff policy and direct controls by means of licensing.

Tariff

policy plays a rather secondary role, largely duç to the preference
the government has for application of direct controls.
The three objectives of tariff policy have been protecting
national industries, collecting revenue for government and
achieving equilibrium in the balance of payments.

The first objec-

tive, directly tied to industrial growth, consists of giving priority
by means of low tariff rates to imports necessary for the development of the country.

The entrance of non-necessary goods is re-

stricted by elevated rates.

This criterion has led to low rates

for raw materials and capital goods not produced in the country.
On the other hand, with the exception of some essential consumption goods, non-essential goods have ad valorem rates normally
exceeding 50 percent.
sumption goods.
applied.

Rates of 100 percent exist for luxury con-

Additionally, specific quotas are frequently
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One of the arguments used for initiating and extending the
system of direct controls by means of import licenses is the
belief that imports are inelastic.

It was assumed that the inelas-

ticity was due to the real or supposedly superior quality of imported
goods and thus to prestige factors.

The General Tariff Code for Mexico includes preferential rates
for tariff fractions covering imports from the Latin American Free
Trade Association (LAFTA) member countries.

Import Permits

The system of direct controls through licenses or permits for
importation, under the supervision of the Ministry of Industry
and Commerce, has become the most important instrument of the general industrialization policy.

The mechanics of the system are:

The applicants to import goods subject to control send the applications to the appropriate consulting committees organized within
the Ministry of Industry and Commerce according to product groups.
These committees, using information compiled from the application

and guided by established criteria, study the applications and
reach an opinion with respect to their viability.

The approval

or disapproval is delegated to the highest levels within the
Ministry after taking into account the opinion of other interested
government instituions.

Generally, the recommendations of the
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committees are followed.

The most important criteria taken into

account when passing judgment on product import applications are
as follows (Kate and Wallace, 1980):

Is it produced in the country?

Is it produced in sufficient amounts to supply national needs?
Is the quality of the national product similar to that of the
foreign product? In case it is inferior, can it be employed
efficiently in all its uses?
4

How do national product prices compare to the domestic prices
of supplying countries, plus transport, tariff, and insurance
expenses in case the national product price is higher, how does
it influence total cost?
Does a domestic substitute exist for the foreign product?
What are times and delivery terms as well as other sales conditions?

Is the product replacement parts for a productive activity, integration progress, etc., or one of luxury consumption?
Is it a question of a product for the re-export of other more
complex goods?

What is the value of the product and its total impact in the
balance of payments, taking into account the commercial balance
with the country of origin?

In principle the authorities were to require a maximum differ-

ence between domestic and international prices of no more than 25
percent.

In reality, differences even greater than 100 percent

were justified on the basis of industrialization "per se" and the
creation of jobs.

The large price differences associated with many

products which were thought to indicate a high degree of inefficiency
began to worry the authorities in the l960s.

From 1966 on, licenses
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to import were awarded if the domestic price exceeded more than 100
percent of the international price.

Later, this maximum difference

was even reduced to 90 percent.

Another criterion that was at time used as a condition for
granting licenses, especially before 1966, was the so-called
compensation exchange scheme.

Exports of a specified product

were required whose total value had to be equivalent to the value
of imports of different products.

The license was granted only

after the importer obtained an export certificate, either through
the government administrator, the bank of foreign commerce, or

After

through an export company expressly authorized to award it.

1966, the Ministry of Industry and Commerce no longer required compensated exchange when it was a question of imports of production
goods subject to direct controls.

Import Requirements of pesticides
Through the passage of different laws and regulations a process

has been established for importation of pesticides and for placing
them on sale in the country.

This process permits different inter-

ested secretaries to exercise the control function.

The first step

of the process is the filing of an import request form, which
contains necessary information, including the name and properties
of pesticides, residue analysis on plants and soil, method of application, etc..
(S.C.).

The form is sent directed to the Secretary of Commerce

The next step requires that the request be sent to the Sec-

retary of Agriculture and Water Resources (SARI-I) Bureau of

90

Agricultural Economics and then to the Bureau of Plant Health.

A

recommendation will be made by these two bureaus in the Secretary
of Agriculture and Water Resources, and the request will be sent
back to the S.C.
of Commerce.

The final decision will be made by the Secretary

Evaluation in the various steps is based on those

general criteria previously described and on the specific characteristics of pesticides.

Each year, the Bureau of Plant Health of SARH in the different
regions of the country estimates the consumption of pesticides for
the following year.

This estimation is based upon the consumption

of pesticides in the last year, the prediction of the area under
cultivation of crops that require of pesticides and the anticipated
level of pest infestation.

The information collected in each region

is sent to the main offices of the SARH in Mexico City.

Information regarding the level of production and maximum
SARI!

capacity of domestic production of pesticides is reported to
by pesticide industry association each year.

The information

provided by various regional agricultural offices regarding
the consumption of pesticides in each region is matched with domestic production of pesticides and the necessary amounts of imports
for different groups of pesticides is determined.

(Figure 6

shows the process of getting import permission for pesticides.)

(5)

(4)

1

V

Permi ssion

or rejection
Request
for imDort

SARH

Sc

Secretary
of
commerce

SARH

Bureau of

Bureau of

Agricultural
(2)

Economics

(3)

Plant Health

[Source:

Personal Interview with Eng. Carlos
A. Funes, President of Mexican Pesticides Industry Association and Information gathered
from SARH Bureau of Plant Health in Puebla,
Mexico.)

FIGURE 6.

Processes of getting import permission for pesticides.
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CHAPTER III

THE EFFECT OF MEXICAN AGRICULTURAL POLICY
ON THE CONSUMPTION OF PESTICIDES

The agricultural sector in Mexico is characterized by unequal
development and is divided into extremes:

rich versus poor, irri-

gated versus rain-fed production, north versus south, large versus
small, and modern versus traditional technology.

Mexico has one of the most unequal income distributions in
the world (Ewell and Poleman, 1980, p. 28).

Two different studies

(Tarawneh, 1980; Ewell and Poleman, 1980) on the distribution of
income in Mexico reveal one fact:

in spite of the rapid economic

development in the post-war period, income inequality is still increasing to levels considered high, even by LDC standards (Table
21).

In 1975, the largest number of poor Mexican families, 52 per-

cent, was in the agricultural sector.

The largest single group of

poor is land-owning peasants, 1.5 million families; the second
most important is even less fortunate, the landless rural workers
with 850,000 families.
poverty.

hese two groups are the core of Mexican

They include 76 percent of all families in Mexican

agriculture.

The traditional staples of the Mexican diet are corn, beans
and chilies, with corn constituting over 80 percent of total consumption for the poorest segments of the population.

Serious

malnutrition in the predominately peasant states is very common.
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Table

21.

Mexico Distribution of Family income - 1950-1969.

Percent of Total Income
Income Group

1950

1958

1959

1969

6.1

5.0

4.2

4.0

30 Percent below
the Median

13.0

11.7

11.5

11.0

30 Percent Above
the Median

21.1

20.4

21.7

21.0

15 Percent below
lop 5 Percent

19.8

24.3

24.3

28.0

Top 5 Percent

40.0

28.6

38.3

36.0

lop 30 Percent

59.8

62.9

62.6

64.0

Lowest 20 Percent

Gini Coefficient

SOURCE:

.50

.53

.55

Ewell and Poleman, Uxpanapa: Agricultural Development
in the Mexican lropics, 1980.

.58

94

Within the agricultural sector, poverty has been tending to increase,
especially in the low-income southern states (Tarawneh, 1980).

Among the states that suffered a significant increase in poverty
were the agriculture-oriented, low-income states of Oaxaca, Yucatan,
and Chiapas in the south, Guerrero in west-center, San Luis Potosi
and Zacatecas in the north-center and Puebla Tiaxcala and Hidalgo
in the east-center.

As discussed in a previous chapter, there is a major difference
in the consumption of pesticides between these low-income farm
states and more advanced parts of the country.

The nature of

agricultural development in Mexico provides a reason for the unequal
consumption pattern of pesticides within the country.

This chapter

includes a discussion of Latin American agriculture in a historical

perspective, and Mexican government policy and its effect on the
Mexican agricultural sector.

Latin America Agriculture in
a Historical Perspective

Two distinct patterns of settlement occurred during the Colonial
period

(16th to 18th centuries) in Latin America.

Agricultural

colonies in temperate regions were independent settlers seeking
to escape the social and economic conditions of Europe.

In these

regions, the production conditions were ecologically similar to those
of Europe and indigenous labor availability was minimal.

However,

in Latin America this pattern of settlement was relatively insignificant.

Exploitation of natur1 wealth of the region was the

95

predominant motivation of colonization.

These colonies were estab-

lished either in areas with large mineral deposits or in tropics

where agricultural goods such as sugar, cotton or cocoa could be
produced and exported to Europe.

The plantation system was estab-

lished in those areas which were suitable for intensive large-scale
inonoculture of a high-value tropical product for export.

Profit

was the motivation for plantation and the operations were quite
efficient and commercially oriented.

In those areas that were not appropriate for intensive production of export crops, the hacienda system appeared.

In the haci-

enda system the productive activities were oriented toward the production of a self-sufficient supply of food, fiber and other agricultural goods.

In addition, it produces some commercial product

for export to the colonial ministry, the administrative settlements or to foreign markets.
At the beginning of the nineteenth century, many Latin Anieri-

can countries gained independences as the old mercantile colonial
powers of Spain and Portugal began to decline.

At the same time,

capitalism was gradually developing primarily in Great Britain.
Britaints comparative advantage in the trade of many manufactured
products provided the logic for its support of a regime of international free trade.

This period of free trade lasted more than

a century and resulted in the division of the world into the industrialized center and the primary exporting countries.

This

international division gave a strong stimulus to the growth of
agricultural exports in Latin America.

High dependence on the
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export of a few commodities made them vulnerable to the price
The crisis of the 1930's had a

variations on the world market.

great impact on the global economy.

The drop in world value of

trade in 1931-35 and the collapse of the international market ws

particularly detrimental to the primary product-exporting countries.
indeIn Latin America, the crisis required the development of an

pendent industrial base to produce those manufactured commodities
that had formerly been imported.

The transition of the U.S. to the central position of global
dependency
power after World War II created a new form of economic
policies
in Latin America, where economic dependency was rooted in

existing before World War II.

It was in this period that the bi-

lateral agricultural aid and other types of development loans were
initiated.

The new dependency was characterized more by increasing

by
importance of technology transfers and public investment than

growing dependence on net foreign private investment.

The new de-

interpendency was further reinforced by the growing importance of

national credit agencies such as the World Bank and the InterAmerican Development Bank between Latin American government and
world capitalist markets.

Mexican Agriculture and Government Policy
land
At the time of the Mexican Revolution (1910), the farm

landowners, some
was almost entirely in the hands of a few large

of whom owned several million acres.
dants

They are either the descen-

of Spanish gentry from colonial times or they had been
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granted concessions during the regime of Porfiori Diaz (1876-1911).
To a large extent, however, the lands of the haciendas were left
idle.

The revolution in Mexico was fought primarily by those who
wanted to destroy the power of the exploitative landlords and redistribute the land.

Zapata and the other agrarian leaders formu-

The

lated increasingly specific programs fcr rural development.

first aim of agrarian reform was the restitution of the lands taken
from the rural communities in a specific form of land tenure,
through the formation of ejidos.1
limited agrarian objectives.

The Mexican Revolution itself had

The principal victorious leaders came

from the northern part of the country, which was sparsely populated,
and some of them were large landholders (latifundios).

In contrast,

the indigenous peasants of the center and south, whose principal
chieftan was Zapata, took up arms to restore lands that had been
taken from them by the expanding haciendas.

Article 27 of the Constitution of 1917, which is still the
charter of agricultural policy, reflected the duality between the

This word, which had referred to the pastures, wood1Ejidos:
lots and other common property of a village, was used to denote a
specific form of tenure defined by the Constitution of 1917 and
Every rural community was given the right to
subsequent laws.
petition the federal government for land within a seven-kilometer
radius of the principal settlement. After checking the credentials
of the group and its members, a piece of land was assigned to the
ejidos as a legal entity and as a legal owner. The ejido assigned
a plot, usually about 25 acres, to each member who enjoyed rights
Ejidol rights cannot be
of occupancy for himself and his heirs.
bought, sold or rented, but they can be passed on to one's heirs.
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communal tradition of the indigenous population and the belief in
private property that entered Mexico with the Spanish Conquest.
On the one hand, Article 27 emphasized the restoration of land or
villages that had been taken, thus satisfying the interest of many
peasants who fought in the revolution.

On the other hand, Article

27 responded to an increasing demand for land redistribution by
giving the nation the right to regulate land for the public interest, including such means as dividing large holdings, creating
new centers of population, and promoting small-scale private
farming.

Until the 1930's the principal emphasis of agrarian policy
was in providing land to communities that fulfilled the established
regulations.

Presidents Alvaro Obregon (1920-1924) and Plutarco

Elias Calles (1924-1928) continued the policy of forming ejidos,
but envisioned that the future agricultural progress of the country
would come from the private sector.

Many haciendas and latifundios

were left relatively undistrubed by the government and the total
number of property owners greatly increased through private purchase of the land.
Since the revolution, Mexican agricultural policies have followed two different directions (de Janvry, 1981; Ewell and Poleinan,
1980).

One was developed under Cardenas' leadership (1934-1940)

and the other under Comacho (1941-1946) which was continued by his
successors.

Under Lazaro Cardenas' leadership, Mexico had its

first revolution president who strongly sympathized with ejidos
and with cooperatives and collective forms of exploitation.

Where
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ejidos had previously been concentrated in some of the poorest and
most densely populated parts of the country, Cardenas included a
type of farm in land reform that had previously been exempt:

the

large, irrigated operations producing high-value, commercial crops
such as cotton.

The beneficiaries were not local villagers, but the

landless laborers who had worked for wages.

During the regime of

Cardenas, a concentrated effort was made to organize some of the
newly created ejidos in collective form of production, in order to
facilitate the adoption of modern methods of cultivation.

Some of

the most productive agricultural areas in the country were very
rapidly reorganized in this way and a variety of institutions and
organizations were set up to assist them.

A special bank was cre-

ated to provide working capital and technical assistance to the new
ejidos, and irrigation systems, roads, schools, health clinics, and
other public works were undertaken in rural areas at an unprecedented rate.

Cardenas greatly accelerated the agrarian reform

process, redistributing three times as much land in his six-year
term as his predecessors had in the previous twenty.

In 1940, for

the first and only time, the reformed sector as a whole was more
productive on a per-hectare basis than the private farmers and produced more than half of the value of national agricultural output
(Ewell and Poleman, 1980, p. 21).

In the 1940's, the Mexican agricultural policy turned in a
different direction.

Beginning in the 1940's development policy shifted away
from a broad strategy based on a viable peasant agriculture, to the concentration of capital and modern
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agricultural technology on a small fraction of the total
farm land, favoring large, privately owned units in
regions suitable for irrigation (Ewell and Poleman, 1980,
p. 12).

Because of this policy, the large commercial farms became an important element in Mexican agriculture.

Expansion of the large com-

mercial farms in Mexico is attributable to government policy initiated

to stimulate import substitutes.

Industrial expansion depended on

cheap food to keep wages down to maintain profits and the conservation of foreign exchange to import machinery and raw materials.

The increased imports of capital and intermediate goods
necessitated by import substitution would have created
a large deficit in the Mexican balance of payments if
imports had not been increased (de Janvry, 1981, p. 124).

Agricultural products were the primary source of foreign exchange for the Mexican industrialization plan in the 1950's and
1960's.

This performance was made possible by massive public invest-

ment in rural infrastructure, primarily irrigation.

The major part

of all public expenditures in agriculture (90 percent) were devoted
to irrigation projects.

As Table 22

shows, the major beneficiaries

of these projects were northwestern and northern states, while the
states of the central, gulf, and southeastern regions received less
benefits.

Public and private credit have been concentrated in the

hands of large private farmers, particularly those in the north
and northwest states.

The ejidos and small-holding peasant have

received a much smaller amount in all states.

The inequality in the

distribution of credit prevented the majority of Mexican farmers
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Table

22.

Mexico:

States

L!ectares of Land Benefited by Major Federal
Irrigation Projects as a Percentage of Total
Hectares Cultivated - 1940-1960.

1940

1950

1960

North

4.0

12.0

15.0

North Pacific

4.0

39.0

53.0

Gulf

0.0

0.3

3.0

South Pacific

0.0

1.4

1.2

Center

3.0

6.0

9.0

Mexico as a
Whole

3.0

9.0

14.0

SOURCE:

Reynolds, C.W. The Mexican Economy Twentieth-Century
Structure and Growth.
(New Haven: Yale University Press)
1970.
p. 156.
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from increasing their agricultural production.

Research and extention also have been concentrated in the irrigation districts.

In the 1950's and 1960's, high-yielding varie-

ties were introduced into the irrigation districts, while neither
new crop varieties nor new systems appropriate for small holdings
under highly variable natural conditions have been developed.
Another serious obstacle to increased agricultural production
in Mexico is the system of land tenure.

The Mexican land revolution

still is an incomplete process.

In 1910, Mexico had an estimated

thrde million landless peasants.

Between 1910 and 1920, Mexico

could have provided land successfully to its rural population if it
had wanted to push ahead rapidly and complete the process between
1920 and 1930.

Now, there are about four million landless peasants,

few of whom have any chance of eventually owning land.

It is doubt-

ful that the Mexican government can provide land for all claimants,
because of the increase of population in the decades since the
agrarian reform began.

In addition to the incomplete character of land reform, there
is another problem associated with the ejidal system as well.
ejidatarios can neither rent his parcel nor sell it.

The

Even though

this can be justified in the context of their historical origin,
it is not certain that it is well-suited to the needs of the present
time.

For the ejidatarios who want to move to other occupations

and also for efficient ejidatarios who wish to enlarge their scale
of operation, the inability to sell land cause a problem.

The

ejidatarios can only rent or purchase a piece of private sector land
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which usually is not available within a convenient distance.

Four main groups are involved with agricultural production in
Mexico:

(1) the large commercial farmers, (2) the ejidos, (3) the

small holding peasants, and (4) the landless wage laborers.

The

ejidatarios and smaliholding peasants together constitute the
Mexican peasantry.

Commercial farmers specialize in relatively high-value crops
which are exported, or in raw materials for industry and luxury
foods for the domestic market, such as coffee, fresh fruits, cotton,
vegetables and wheat.

The peasants, in contrast, are principal

producers of corn, beans and rice, which are the traditional
basis of the Mexican diet.

These staple crops are unattractive to

commercial farmers because of the low profitability of their production.

Even though the nominal prices of staple crops have con-

tinued to increase, in real terms there has been a decline in their
prices and particularly in that of corn, which fell 33 percent between 1963 and 1972 (de Janvry, 1981; Ewell and Poleman, 1980).

Corn and beans are concentrated on the states of the altiplano
(chiefly from Zacatacas and San Luis Potosi in the north down
to Oaxaca in the south).

Figure 7 shows the classification and lo-

cation of different states in Mexico.

Because of the domestic

controls on food prices and more profitability of export crops,
land devoted to the production of staple commodities in Mexico
has declined since 1980.

As a result, the production of these

crops (corn, beans, wheat) barely kept pace with the increase in
population after 1960.
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Some considerable changes have occurred in recent decades regarding the cropping pattern within Mexico.

There has been a

dramatic trend away from basic food crops in the irrigated districts in the north.

In contrast, in the states of the Altiplano

the dependence on the subsistence crops has been increasing.

In

order to investigate the issue clearly, distinctive characteristics
of each region in Mexico in respect to its cropping pattern will
be described.

In northwestern regions, the harvested area has more than
doubled within 30 years.

In this region, Baja California gave up

its near-monoculture of cotton, while the other states greatly
lowered their earlier dependence on corn and beans.

Cultivation of

wheat has been increased in Baja California, and reduced cultivation

of corn and beans have been compensated by more cultivation of
wheat, cotton, soya, and safflower in Sonora, and more of all these
plus tomatoes in Sinaloa.

A year-by-year analysis of the changes in the area
devoted to individual crops in Sonora and Sinaloa
shows a remarkable degree of responsiveness to market influences (Lainartin Yates, 1981, p. 53).

In the northern region, the declining cultivation of corn, barley and cotton has been compensated by increasing cultivation of
sorghum, certain oil seeds and especially beans.
The northeast region is more heterogenous than the other region
in the country, which consists of two states:
Tamaulipas.

Nuevo Leon and

Farmers in Nuevo Leon have reduced their cultivation

106

of corn, while in the other (Tainaulipas), corn cultivation has been
increased.

However, both states have increased the cultivation of

citrus and other fruits and vegetables.

The next region consists of Zacatecas, San Luis Potosi, and
Aguascalientes.

Most of the soils in this region are eroded and

rainfall is low and erratic.

This region has expanded its harvested

area not by any sort of diversification, but by increasing cultivatioh of corn and beans, which accounts for 93 percent of the cultivated land of t.he region (Lamartin Yates, 1981, p. 54).

The average

per-acre yields of corn and beans have not changed in the last three
decades and are the lowest in the country.
In the west-central region, some states have experienced important changes in the cropping pattern.

Colima reduced its depen-

dence on corn and beans, while increasing orchard and plantation
cultivation.

Queretaro, Jalisco and Guerrero have remained depen-

dent on corn and beans.

In Michoacan, cotton has been reduced

considerably from its level in the sixties, its reduction compensated
by peas, sorghum and melon.
In the central region, harvested areas have increased slowly
and dependence on corn and beans has actually increased.

This is

particularly the case in the states of Mexico, Hidalgo, and
T 1 axca 1 a.

Gulf south has been expanding its harvested area more rapidly
than any other region, but its cropping pattern has not much changed.
This region has large areas under plantation crops and also a wide
range of fruits as well as coffee, cocoa, coconut and oil palms,
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but still tow-thirds of their area continues to be devoted to corn
and beans.

The last region is Peninsula, which consists of

Campeche, Yucatan and Quintana Roo.

In Yucatan and Quintana Roo,

the dependence on corn and beans has been increased.
region is still dominated by the henequen

The whole

of Yucatan occupying

more than one-third of the total.
The majority of peasants (ejidal, smaliholdirig) and also

landless labor are concentrated in the states of central and southern Mexico.

Peasants have continued to specialize in the production

of corn, because they produce principally for their own consumption.
They have not been able to switch to the production of other crops.

Such low-value crops on such small units result in miserably low
income for the cultivators.

In conclusion, as discussed in the previous chapter, the consumption of pesticides in Mexico is greatly concentrated in the north-

west and northern states that are producers of relatively high-valued
crops for export.

In contrast, the pesticides are seldom used in

those central and southern states of Mexico where the majority of
peasants are concentrated and the primary products are staple crops.

Therefore, it can be concluded that the increasing consumption of
pesticides in Mexico has not greatly contributed to improving
current diet and reducing malnutrition in those states where small
subsistence farmers are concentrated.

Government policy through

different devices has been a major factor in influencing the low
level of the consumption of pesticides and other modern inputs in
central and southern states in Mexico.

Government policies, such
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as public investment, credit, research, extention, cheap food policy
and land tenure system have discriminated against the production of
food crops and favored the production of export crops.
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CHAPTER IV

THEORET ICAL FRAMEWORK

Overview of International Trade Theories

The systematic study of international trade emerged in the era
of the mercantilist economies (the sixteenth through eighteenth
centuries in Europe) as a set of hypotheses on how nations should
conduct their trade.

It was thought that each nation's self-

interest was served by encouraging exports and discouraging imports.
The central government had two goals in international economic policy.

The more important was to increase the wealth of the nation by

acquiring gold and the second was to extract trade gains from
foreigners through regulations and controls.

The general practice

of economic regulation gave rise to the expression laissez-faire,
meaning more generally freedom of enterprise and freedom of commerce.
Adam Smith was the founder of modern economics whose analysis
of the phenomenon of international trade was designed to destroy
mercantilist economics.

Smith argued in terms of absolute advantage,

whereby imports consist of goods made more efficiently abroad and
exports consist of goods made more efficiently at home.

In other

words, the mercantilist believed that a nation could only gain from
trade if the trading partner lost.

Smith showed by his example

of absolute advantage that there was a gain to be achieved by the
efficient allocation of global resources and that both countries
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could be better off.

Through international trade a nation would

benefit because the exports needed to pay for imports would cost
less to produce in real terms than domestic production as replacement for the potential imports.

David Ricardo's Theory of Comparative
Cost Advantage

Ricardo felt Smith failed to appreciate the fundamental cause
of the benefits of international trade.
tions that Smith was suppressing:
tages?

There were several ques-

What if a nation has no advan-

Would other nations be willing to trade with it?

If they

were, wouldn't this trade deficit cause the nation to lose money
to the foreigners?

How could it be sure that free trade would re-

solve these issues in a way that would still leave it with a net
gain from trade?

Ricardo showed that trade can take place between

two nations to the advantage of each, even when one nation has an
absolute advantage in the production of both goods.

According to

his argument, comparative advantage of a nation in producing a good
relative to the second nation is that which determines international
trade flows.

Ricardo used very simple models in order to answer

the following two questions:

What creates the gain from international trade?
What goods will be exported and what goods imported?

Ricardots theory made several assumptions:
1.

Two countries, involved in trade, producing two goods.
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Costs did not vary with the level of production and were proportional to the amount of labor used.
Goods were homogeneous.

One country was more efficient in the production of both goods.
There was no transportation cost.
There was the same quality of labor in both countries.

The value of exports equaled the value of imports.
Labor could move freely within a country but not between
countries.

He also did not include

demand explicitly in the model.

Accord-

ing to him a country will tend to export the commodity whose relative (to the other commodity) cost or comparative cost of production
is lower than it is in the other country.

In other words, no inter-

national trade will occur if there are no differences in relative
production costs between countries.

The Introduction of Demand

The analytic determination of the rate of interchange was
completed by John Stuart Mill who added the intensity of. demand
to the cost analysis of Ricardo.

Mill recognized that the more in-

tense a country's demand for imports, the more of its own exports
it would be willing to trade per unit of import and the worse the
ratio of interchange would be for that country.

However, this re-

suit depended on the relative intensity of demand for imports by
both countries and not merely on the demand pattern of one country
alone.

Alfred Marshall (1923) combined Mill's recognition of demand

with an elimination of Ricardo's assumption that costs of production
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did not vary with output.

The concept of increasing costs, whereby

costs increased as more of a good was produced, was more realistic.

The Modern Theory of International Trade

In the modern theory of international trade, the basic fact
of differences in factor proportions has been viewed as a key explanation of comparative-cost differences and the existence of trade
by the Swedish economist, Bertil Ohlin in 1933, following some insights expressed by his teacher, Eli Heckscher, in 1919.

It is

frequently referred to as the Heckscher-Ohlin (H-a) theory, or the
factor-proportions theory.

During the same time period, 1933,

Cottfried Haberler developed his opportunity-cost theory, which
can be made to closely resemble the H-a theory.

The factor-

proportions theory argues that different goods require different
factor proportions and different countries have different relative
factor endowments.

Countries will tend to have comparative advan-

tages in producing and exporting those goods requiring in their
production the factor in relatively greatest supply in that country,
and to have a comparative disadvantage in and to import those goods
requiring in their production the factor in relatively scarce supply
in that country.

Empirical Evidence

Several economists have attempted to test the validity of the
comparative cost theory.

According to Heller (1973), the most

notable attempts were made by C. D. A. MacDougall (1951), Robert
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Stern (1962), and Bela Balassa (1963).

MacDougall used 1937 data,

1950 and 1959 data, and Balassa 1950 data for the United

Stern

States and the United Kingdom.
the labor theory of value.

They tried to test the validity of

According to this theory, differences

in the productivity of labor will result in differences in the cost
of production of various commodities which, in turn, will affect
the prices of these commodities.
in the late 1940s.

MacDougall's study was conducted

According to his findings, there was an approxi-

mately linear relationship between the productivity and export
ratios.

In other words, in those commodities where U.S. labor

productivity was the highest (relative to the United Kingdom), the
The

United States had the largest share of the export market.

studies by Stern and Balassa for the post-war period may be regarded
as an extension and updating of MacDougall's work.

Balassa, by

using data on 22 industries in the United States and the United
Kingdom, tested the validity of classical theory.

Stern used data for 39 industries for British and United
States for 1950 and 1959., and concluded that his study reinforced

and extended conclusions reached by MacDougall in his study of prewar relationships (p. 294).

Their results confirmed MacDougall's findings of a high correlation between productivity of labor and export shares.

However,

work done by Jagdish Bhagwati (1964) created some doubt about their
results.

Bhagwati, using more sophisticated techniques, found that

regressions of export price ratios (US/UK) on labor productivity
did not yield significant regression coefficients.

Also, regression
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of unit labor costs on export price ratios for the same two countries
did not yield significant results.

As Heller states (p. 25), the

strong positive results of MacDougall, Balassa, and Stern regarding
the usefulness of the classical theory of comparative costs should
therefore be regarded with caution until more conclusive evidence
becomes available.

Tests of the H-U Theory

One of the problems in testing the factor-proportions theory of
international trade is that the possibility exists of domestic
(inter-industry) trade in intermediate goods.

Therefore, it is

necessary to examine the capital-intensity and labor-intensity of
all traded goods.

This was difficult until Professor Wassily

Leontief developed input-output analyses in the early 1950s.

On

the basis of the H-U theory, it is predicted that a country will
tend to export the commodity which used the country's abundant factor
intensively.

To test this, Leontief makes use of input-output data from the
United States.

According to the H-U theory, the United States will

tend to export commodities which are intensive in its abundant
factor--capital--while importing commodities which could be produced
in the U.S. only by the intensive utilization of its scarce factor
of production--labor.

The Leontif results were exactly the oppo-

site of those predicted on the basis of the factor endowment theory.
This gave rise to the so-called Leontif Paradox.

Leontief-type

studies have been conducted for the international trade patterns of
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West Germany, India, Japan, East Germany, and Canada (Leontif, 1953;
Out of all these studies only the cases of direct

Bharadwaj, 1962).

trade between Japan and the United States, and between East Germany
and Eastern Europe can be taken to confirm the factor endowment
theory.

Leontif (1956) conducted a second investigation into the

structural basis of the trade relationship between the U.S. and the
rest of the world.

His results supported the principal finding of

the first investigation.

Since the empirical evidence contradicts the predictions based
on the H-O theory, in most cases, many conclude that this theory
is not a satisfactory response to the basic questions which international trade theory is intended to address.

According to Gray

(1979, p. 79), "There is then a need for a more broadly based or
more general theory of international trade if the ebbs and flows of
trade among nations are to be realistically assessed."

A Pragmatic Theory

Gray (1979) states that neither the classical theory nor the
simple version of the modern Heckscher-Ohlin theory represents the
real world of international trade.

According to him, a pragmatic

theory is needed which must interrelate all the fundamental forces
that lead to the existing pattern of international trade (and investments) among nations.

The pragmatic theory of trade proposed

by Gray retains the simplicity of a two-country model, because most
of the problems encountered in international trade relates to a
single nation, and from the point of view of that nation, the rest
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of the world can be viewed as a massive supplier or demander.

A

two-country model is also comprehensive enough to analyze inter-

national trade between rich and poor nations provided the two groups
of nations are always seen as single blocks.

According to this

theory, the traded goods are explicitly classified into three categories:

competitive-noncompetitive and differentiated goods.

The

first category of goods is "competitive goods" because they can
be produced in both (all) countries.

Competitive goods are stan-

dardized goods; they are recognized as perfect substitutes for one
another regardless of where they are produced.
The second and most important category of goods are "noncompetitive goods."

They do not compete directly with domestic produc-

tion and must be imported.

They require industry-specific factors

of production and some countries will not be able to produce them.
Some countries will be able to produce only insufficient, limited
quantities of these goods.

Three types of noncompetitive goods can usefully be distinguished:

(1) A Type-A (or absolutely) noncoinpetitive good is one

that the importing country is incapable of producing.
a specific natural resource for its production:

It requires

copper deposits for

copper ore, bauxite for aluminun-i and tropical climatic conditions
for bananas and tea;

(2) Type-B noncompetitive imports are labeled

"gap fillers," that is, they fill the gap between domestic demand
at the going world price and maximum domestic output.
at Figure 8,

If we look

Sd denotes the domestic supply schedule that reaches

maximum value at output OB (supply becomes perfectly inelastic at
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Type B noncompetitive good.
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at point H).

Two reasons why the supply curve becomes inelastic

are mentioned by Gray (1979, p. 83):

First, a limited amount of the natural resource necescary for the production of the good may be available
and, therefore, increasing the output of the good encounters severely diminishing returns in terms of the
cooperating inputs. Second, the quality of the natural resource may deteriorate quite quickly as more of
it is used and more of good is produced. The former
situation would be more commonly associated with land
coupled with a particular climate; even if Hawaii grew
nothing but coffee, the U.S. could not be selfThe latter might involve mineral resufficient.
sources such as petroleum deposits.

Foreign supply is available at price P, as shown by the perfectly
elastic schedule Sf.
ports AD.

At price P1, the country produces OA and im-

Since maximum potential production exceeds OA (by AB),

the quantity of imports represented by AB should be thought of as
competitive.

If the price is raised to P2, all imports would be non-

competitive.

The Type-C noncompetitive good is one in which the technology
is not available.
a Type-C

According to Gray (1979), the distinction between

(technological) and a Type-A (absolute) noncompetitive good

is important because of the different pattern of international trade
and the degree of permanence.

As a general rule, Type-A goods are

imported by rich nations and Type-C goods are imported by developing
countries.

The other important distinction between types A and C is

that a country importing Type-A goods is probably doomed to be an
importer of those goods for decades; this is not true with Type-C
goods, because climate can not be transferred whereas technology can
(p. 85); (3) The third and last category of goods consists of
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"differentiated products."

These products closely resemble, but dif-

fer from, competing goods.

Autos, televisions, and motor bikes are

good examples of differentiated goods.

Such goods are associated

with brands or trademarks and require a marketing organization for
their promotion and distribution.

After reviewing the various international trade theories, it
would appear that the "pragmatic theory" is the most appropriate
for explaining pesticides trade between the U.S. and Mexico.

At

the beginning of US.-Mexico trade relationship, Mexico was not
able to produce pesticides since the technology of producing pesti.cides was not available in Mexico.

Therefore, the absence of an

appropriate technology had an influence on the structure of trade.
Thus, taking the classification of trade goods proposed in the "prag.-

matic theory," it is plausible to infer that at the beginning stage,
pesticides fit the noncompetitive Type-C category with respect to
U.S. and other industrialized countries.

But once the Mexicans

started to develop their own pesticides industry, the picture
changed; now, Mexico both imports and produces pesticides domestically.

In spite of Mexican import substitution policy (with special
emphasis on the 1960s and l970s for intermediate and capital goods),

Mexico still continues to import pesticides from abroad for two
reasons:

1.

First, there are some complex and more effective pesticides
that cannot be produced in Mexico.

There are also pesticides
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for minor uses which lack sufficient market to permit domestic production.

2.

Second, Mexico imports those pesticides that cannot be produced
domestically in sufficient amounts to meet the internal demand.
The amount imported each year depends on various factors,
including pest infestation, crop planting, etc.

Factors Affecting Consumption
of Pesticides

There are various natural and economic factors that affect the
consumption of pesticides.

Also, there are other factors that are

important due to the specific nature of pesticides.

These factors,

like the regulatory control with regard to toxicity and residues,
will be discussed in this section.

Pests, climate and crop type are important natural factors.
The occurrence of different pests necessitates different pesticides
according to their valued characteristics.

This occurrence factor

(incidence) is influenced by the climate of the cultivated area.

The extent of pest attack also varies with the crops that are produced in the country.

Economic factors like the price of pesti-

cides, price of agricultural products and so on, will be discussed
in detail in the next section.

The development of national demand for pesticides is directly
related to the crop situation in the country.

It is generally ac-

cepted that the production levels of agricultural commodities are
dependent on a number of interrelated factors.

These include land,

labor, capital, climatic and weather effects, government policies
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and various social and institutional factors.

As was discussed in

detail in Chapter III, the actual pesticide consumption in Mexico
has been affected by the existence of formal development plans and
the position of the agricultural sector within such plans.

Regulatory Controls and Other Aspects

The growing use of pesticides in Mexico is affected to some
degree by considerations of toxicity and any adverse effects on
the environment.

While some formal regulations and restrictions

exist, these are of lesser importance than is the case in industrialized countries.

There is, however, considerable concern

throughout Mexico with problems of environmental contamination by
pesticides and the risks inherent in their use and the dangers of
the toxic residues.

A variety of causes can contribute to these

inherent dangers, such as the incorrect selection or application
of products, pesticides carried by wind drift, improper use of
containers, incorrect labeling, and the transport of pesticides in
containers together with foodstuffs leading to contamination.

Toxicity Problems

Of greatest importance in considering the use of a particular
pesticide are the inherent effects upon man, animals, and the environment.

On the basis of the latest available evidence, there

appears to be little potential danger of chronic toxicity arising
from pesticide residues in food.

While the residue problem is not

serious as yet from the point of view of the population, it can
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have some economic effects, particularly where products exported
to the industrialized countries of North America and Western Europe
are concerned.

These countries have their own acceptance levels

and may refuse shipments of foodstuffs if the residue levels are
too high.

Pesticides can be classified into one of six classes according
to their level of hazard, as measured by their oral or dermal acute
toxocity.

These classes range from extremely hazardous to safe.

Insecticides are, on the whole, a more dangerous group of products
than either fungicides or herbicides to man and animals.

It is

not surprising that accidents have occurred involving the poisoning
of those who apply pesticides, including both unskilled operators
and trained personnel of crop-spraying aircraft.

Occasionally, there are reports of illness among workers concerned with pruning, thinning or picking crops sprayed with parathion, one of the most toxic pesticides in use in several Latin
American countries, namely, Brazil, Colombia and Mexico.

The ex-

tent of toxic accidents is virtually unknown throughout Latin
America, and few of the countries have made any attempt to record
the accidents of this nature.

Also, in a number of cases, due to lack of awareness of the
secondary effects of pesticides, nontarget species have been
affected by chemical treatments.

The destruction of various bene-

ficial pest parasites and predators can increase the main and
secondary pests in certain crops.
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Integrated Pest Management (1PM)

To combat supposed environmental contamination, increased
emphasis is being placed on integrated pest management.

The basis

of 1PM can be defined as the control of all types of pests utilizing
the most applicable methods to achieve a level of pest management
that satisfies human needs with a minimal effect on the environment.

One of the difficulties in a successful implementation of

1PM is the lack of expert knowledge of the exact biology of the
pests, predator, and crop, and also the combination of the various control techniques.

Considerable education of users in the

principles of the method are necessary since farming practices
(such as fertilizer application, crop rotating, plant spacing, etc.)
may be incorporated into the system.

Also, appropriate monitoring

systems must develop so that early warnings of pest infestation
can be given.

1PM in Practice

Crop protection throughout Latin America (including Mexico)
relies heavily on chemical pesticides at present.

Integrated

control schemes are under active development and assessment for
a number of crops grown throughout Latin America, both on an international and a national basis.

In particular, FAQ is assisting in

various schemes, such as a multinational cotton project and a program for the control of alfalfa pests in Argentina.

Also, other
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international organizations are active in developing new pestresistant varieties of plants.

Among the various integrated pest control schemes that are
being developed and initiated in Latin America (including Mexico)
are those for the following crops:

Cotton

Colombia, El Salvador, Mexico,
Nicaragua, Peru

Fruits

Chile, Mexico, Peru

Maize

Colombia, Mexico, Nicaragua

Pulses

Mexico, Nicaragua

Sorghum

Brazil, Mexico, Nicaragua

Overall, the achievements of this program can be generalized as
follows:

Lower usage and less frequent application of chemical pesticides.
Increased crop yields.

Ability to use more selective pesticides.
Decrease in pest populations.

Restoration of natural pest enemies.

It should be noted that biological control is a key component of 1PM
but the lack of adequate mass-rearing techniques for pest predators
to meet the control standards in terms of quality and quantity
retards the growth of these techniques.

There have been some
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significant improvements in the production of pest predators of
certain types in Mexico, Peru, Colombia and El Salvador in recent
years.

In conclusion, although acceptance of integrated pest control
methods is assured in the long term, it is unlikely to affect signi-

ficantly the overall demand for more conventional chemical pesticides in the short run.

Theoretical Model

To explain the economic structure underlying pesticide demand,
one begins with the fact that pesticides, as factors of production,
are utilized in the production of many different agricultural products.

Therefore, one possibility is to trace pesticides through

successive processes until they reach the final product.

Since the

demand for pesticides is derived from their use in the production
of other goods, demand analysis requires an incorporation of the
production process of the user industry into the model.

From the

point of view of the individual farmer who uses pesticides as an
input and is free to vary the levels of both cost and output, usually
the quantity of inputs required is assumed to result from a desire
to maximize profit.

For a matter of simplicity suppose the firm will sell its output q at constant price P and purchases two inputs X1 and X2 at
constant unit factor prices r1,r2, respectively.

The production
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process of the firm will be summarized by the production function,

(4.1)

q = f(X1,X2)

the production function can be interpreted as a technological state-

ment of the maximum output that can be obtained through the combining
of two inputs, or factors X1,X2.

The objective function of the firm

to be maximized is total revenue minus total cost (profit):

llPq-C

(4.2)

or substituting q = f(X1,X2), the production function,and
C = r1X1 + r2X2 + b, cost function, into equation (2) will
(4.3)

result in:

TI = Pf(X1,X) - r1X1 - r2X2 - b

(4.4)

Thus, profit is a function of X1,X2 and is maximized with respect
The first-order conditions for profit-

to the two inputs.

maximization are:

=

Ill

- r1 = 0

(4. Sa)

Pf2 - r2 = 0

(4.Sb)

=
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=

2

moving the input price terms to the right

Pf1 =

(4. 6a)

=

(4.6b)

Equations (4.5a) and (4.5b) show a profit-maximizing firm will employ
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resources up to the point where the value of marginal product of
factor i is equal to the cost of acquiring additional units of the
factor i.

However, to ensure that the resulting factor employment pertains to maximum rather than minimum profits, second-order conditions are required.

Pf11<O

2

(4.7)

xlx2
=

x

>

0

(4.8)

x
21

Condition 4.7 implies that profit must be decreasing with respect
to further applications of either X1 or X2.

Condition 4.8 ensures

profit is decreasing with respect to further applications of both
P > 0 condition 4.8 requires that the marginal products

X1 and X2.

of both inputs be decreasing.

The producers input demand is obtained by solving the firstorder conditions (4.,5a) and (4.5b) for X1 and X2 as functions of
r1 r2 and P.

The first-order conditions in complete forn are:

pf1(X1,X2) - r1 = 0

)f2 (X1,x2) - r2 = 0

(4.9a)

(4.9b)

solving these equations for X1,X2 the corresponding input demand
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function is:

(4.10)

= D.. (r1,r2,P) i = 1,2

where X.. is the quantity demanded by the i-

firm for the j-

input.

The aggregated demand function is obtained by summing the individual demand functions.
input.

If there are m firms demanding the

The aggregated demand function is;

m
X.

13

=

.

i=1

D. .(r ,r,,,P)
13

(4.11)

Following the same procedure the aggregate demand for pesticides
can be represented by equation (4.12).

Since we are dealing with three groups of pesticides (insecticides, herbicides, fungicides), explanation of and adjustment due
to the specific nature of each group will be made.

PES = f

(pPES

W, FEP, pO, pQ)

(4.12)

where: PES = quantity of pesticides applied in the production
of agricultural products
PES

= average unit price of pesticides paid by farmers

W = wage rate paid by farmers
FEP = unit price of fertilizer paid by farmers
P° = unit price of all other remaining inputs paid by

farmers

= unit price of agricultural product received by
farmers

129

Equation (4.12) indicates that the change in the quantity of
pesticides demanded (PES) is a function of the prices paid for the
resources PES (pesticides), FER (fertilizer), L (labor) and other
inputs applied in the production of agricultural products, and
to changes in the received prices of agricultural products.

Accord-

ing to theory, if relationships involving price ratios of all prices
change in the same proportion, then the firm's optimal resource al-

location pattern and consequently the firm's demand for inputs does
We may then rewrite the demand function as:

not change.

/ PES

PES=fçP

n

p':

r'

(4.13)

One point that has to be mentioned is that when farmers want to
commit the resources, the prices of products will be uncertain as
a result of the farmer being unable to accurately forecast supply
For this reason, it can be reasonably postulated that

and demand.

they base their decisions on some expectation of product price,
and such expectations may be based on the past level of prices.

Insecticides:

Domestic Demand Equation

As mentioned before, cotton is a major consumer of insecticides
and 70 percent of the cotton produced in Mexico is exported to other
countries.

In other words, the unit price of cotton received by the

producers in Mexico corresponds to two different consuming markets:
(1) domestic and (2) international market.

Therefore, with this in-

formation, it seems appropriate to use export price of Mexican cotton as a relevant price to incorporate in the model for insecticides.
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So the adjusted equations (4.12) and (4.13) for insecticides will
look like this:
(4.14)

PBS1 = f (INPD, W, FEP, P°, COP1)

PBS1

f(INPD
-

W

P0

FEP

\COl COP_1' COP_1'

(4.15)

j1

where: PBS1 = quantity of insecticides applied in the production
of agricultural products

INPD = average unit price of insecticides paid by farmers

COP1 = cotton export price, one year lag.

In some studies (Metcalf and Cowling, 1966) that have been

done in order to estimate the demand for fertilizer, farm income
has been used as an independent variable.
this variable expressed as follows:

The reason for using

"Lagged net farm income is

used as a proxy variable for expected earnings and liquidity."
The expected sign of the coefficient is positive, first, because

a priori reasoning suggests that an increased demand for fertilizer
is associated with a higher level of income, and second, because

higher income improves the liquidity position and the availability
of funds for the purchase of fertilizer by the farmer.

Barker (1963)

and Brake (1960) also pointed out that under conditions of limited
operating capital, farmers may be unable to fertilize at optimal
rates.

Thus, assuming farmers are currently applying nutrients

at a sub-optimal rate, higher levels of income will help them to
achieve the optimum allocation.

However, in some other studies such as the Griliches study
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(1959), income has been omitted from demand equations and the reason
for doing this is explained as:

"There is no good theoretical

reason for including income in the demand equation for a factor
since it is not derivable from the traditional theory of the firm."
Since data for farm income are not available for Mexico, this variable will be dropped from the model.

There is another variable that may be considered as a relevant
economic variable representing a variety of factors which may have
caused the demand function to shift over time:

Such factors in-

creased technical knowledge of farmers, resulting from their own
findings, education, advisory work, extension services, and the advertising campaigns of the manufacturers and distributors of pesticides.

T as a time variable will be introduced into the model to

handle these demand shifters.

Therefore, the new equations for in-

secticides are:

PES1 = £ (INPD, W, FEP, P0, COP1, 1)

PES1 = (l'

W

FEP

(4.16)

P°
COP_l,

(4.17)
/

But some of the agricultural products are also inputs for other
products or they need further processes in order to satisfy consumer
demands.

In the case of insecticides, it is assumed that

derived demand for insecticides is a consequence of the relation-

ship between price and quantities of cotton for textile producers
and textile demands at the consumer level.

Therefore, assuming

profit maximizing behavior on the part of textile producers, the demand for cotton will be dependent on the price of inputs used in
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textile production, the prices of textiles themselves and their substitutes (cotton faces strong price competition from man-made fibers

in international markets), and the level of income in importing
countries.

Mexico exports cotton to several countries so the world income
might be the determining variable; however, since data do not exist
in this way, it is necessary to seek proxy measures for world inThe most common choices are to use real

come and world prices.

world exports as a proxy for world income and a measure of the price
of world exports as a proxy for the price of world goods (Learner and
Stern, 1970, p. 16).

The new equation5 will be as follows:

PBS1 = f (INPD, W, FEP, p0,

WSF' Pwo
PES

1

--

f

(p

COP1, T,

TEX'

WEX'

WEX

W

(4.18)

FEP

P°

COP1' COP1' COP:' COP1

T

WEX

WSF

TEX'

TBX'

:wo, WEX'
TEX
/

where:

TEX
WEX

(4.19)

= world export price for textiles
= world export price for cotton
= world export price for synthetic fibers

= world export price for other inputs in textile
industry

WEX = real world export as a proxy for world income
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Herbicides-Fungicides:
Demand Equation

Domestic

For other pesticides (herbicides-fungicides) there is no major
crop as in the case of insecticides, so the unit price of all agricultural product received by farmers will be used as an explanatory
variable in the model in contrast to the use of the cotton export
price in estimating insecticides demand.

The adjusted equations

(4.12) and (4.13) for herbicides are:

PES2 = f (HEPD, W, FEP, P°, API1, T)
1HEPD

PES2 = f çAPI1'

where:

W
FEP
P°
API_1' API_1' API_1'

(4,20)

T)

(4.21)

PES2 = quantity of herbicides applied in the production
of agricultural products

HEPD = average unit price of herbicides paid by farmers

API1 = agricultural price index one year lag

The new equations for fungicides are:

PES3 = f (FUPD, W, FEP, P°, API1, T)

PES3 = f

where:

1FUPD

W

FEP

API1' API1' API1'

P

PI1'

(4.22)

T)

(4.23)

PES3 = quantity of fungicides applied in the production
of agricultural products

FUPD = average unit price of fungicides paid by
farmers
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Many agricultural commodities are intermediate goods requiring
further processing before they are consumed.

There is, of course,

a processor demand for these intermediate goods.

The quantity of

commodities processed results from processors' attempts to maximize
their profits.

Equation (4.24) indicates that the quantity of agricultural

products demanded by the processors is a function of prices paid
for the agricultural products, labor and all other inputs applied
in the production of commodities and the received prices of these
outputs:

QAP

where:

QAP

= f

(pAP

L

p1

pC)

(4.24)

= quantity of agricultural products demanded by
processors

PA

= unit price of agricultural products paid by
processors
= wage rate paid by processors

P1 = unitpriceof all otherinputspaid by processors

PC

= unit price of output received by processors.

According to classical demand theory, a consumer allocates income
among various commodities with the objective of maximizing a
utility function subject to budget constraints.

The solution of

maximization process shows that demand for the commodity is a

function of its price P,
QD

= f

(pP

P

the price of substitutes P

Y)

and income Y.

(4.25)
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Aggregating equation (4.25), the total domestic demand for the
commodity is as follows:
PS

P

QDf(PCPI'
where:

(4.26)

N

CPI'

Y = national income

N = population
CPI = consumer price index
An alternative way to stating the domestic demand is to use
real per capita income instead of using separate variables

0D

-i

,

N

PS

(P

(4.27)

T'

-

(CPI)(N)

Modifying equations (4.20) and (4.21) to include the intermediate

and final demand consideration results in new equations for herbicides:

PES2 = f (HEPD, W, FEP, P°, API1, T
P

P

P

W

FEP

P

-.-, -.., _, _, PCI

where:

AP
T,

Ps

I

P

P°

API1' API1' API1' API1'

P

L

(4.28)

PCI)

(HEPD

1,L

I

S

CPI' CPI'

PES2 = f

AP

CPICPI

PCI = per capita income

j

(4.29)
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The new equations for fungicides are:

PES3 = f (FUPD, W, FEP, P°. API1, T,
C

L

P

m'

P5

AP

I

(4.30)

PCI

i'

AP
(FUPD

PES3 = f

w

FEP

P°

PI_1' API1' Ap11' API1'
L

P

I

r'

S

(4.31)

pi' m'

Import Demand Equation

Until now, the discussion has focused on the domestic demand
for pesticides.

However, the interest of this study is Mexican

import demand for U.S. pesticides, therefore it is necessary to
make some adjustment to get to import demand equations.
A country's import demand for commodity can be thought of as
the country's excess demand for the commodity.
import demand

(QM)

(QD)

tic demand

In this way, the

for a commodity is the difference between domes-

and domestic supply

(QS)

of the commodity, ex-

pressed mathematically as:

QM

QD

QS

(4.32)

Mexico also imports pesticides from the other countries besides
the U.S. and, if it is assumed that imports of pesticides from other
countries are an addition to domestic supply, the influence is the
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same as an increase in domestic supply.

Following this line of

argument, import demand equation for the U.S. should be formulated
as:

MU
Q

where:

MU
Q

QR0w

D

S

=Q -(q +Q

Row

(4.33)

= quantity of pesticides imported from the U.S.
= quantity of pesticides imported from the other
countries except the U.S. (rest of the world)

Due to the nature of the import demand, other variables must explicitly be included, since they affect the pesticides trade between
the U.S. and Mexico.

The importers are assumed to pay the price of

the imported pesticides

(PImP)

in their own country's currency.

In

fact, the price consists of four components as indicated in the
following equation:

Imp

where:

= h

(pX + CT)
+ TR

(4.34)

h = prevailing exchange rate (units of imports currency
per unit of exporter's currency
= price of product sold by exporters expressed in
terms of their own currency
TR = specific tariff imposed by the government of the im-

porting country payable in its own currency
CT = transportation cost expressed in exporter's currency

In our case also, it is necessary to include a variable that shows
change in the government regulations regarding banning and canceling
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of pesticides.

In Mexico, as mentioned previously, pesticides re-

striction began in 1972; dummy variable to account for the change
is added; that is, zero through 1972 and 1 after.

The level of

foreign exchange reserves may be relevant in particular to developing countries where the reserve position can be considered indicative of the strictness of controls affecting import (Learner and
Stern,

1970, p. 15).

Substituting equation

(4.30)

(4.18), (4.19), (4.28), (4.29),
equation

(4.34)

(4.33)

into equation

and (4.31), incorporating

into the model, also including DIJM (dummy variable)

the following import demand

and FER (foreign exchange reserve),

equations for each group of pesticides are obtained:

PES1 = f(h(PX

WFS'
PES1

+

CT)

+ TR), W, FEP, COP1, T,

TEX'

WO'

f[(h(P+C)+TR
COP1

WO

WEX, FER, DUM
FEP

W

COP 1'COP1

, WEX, FER, DIJM ,

,

,T,

,

WEX'

IMPS

WEX

WSP,

TEX

TEX

(4.36)

IMPS]

Q

(4.35)

TEX

PES2 = f [(h(Px+CT)+TR),
L

PES2

PC

,CPI
__,

T'

D
n

,L
D
I

P

'

,

(4.37)

AP

FEP
API

IV

API

T,

API

Ps
PCI

-r'

1'

'

' CPI'

l

AP

1MPH]

PC

fh(P+C)+TR)
L API1
I

IV, FEP, P°, AP1,

,

Q

1MPH]

(4.38)
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h(PX+CT)+TR),

PES3 = f

P

P

C

L

=

--,

API1
L

I

-a'
P

where:

P
-r

S

PCI

,

Pt

FEP

' API

Q3

'API

,

I

,P

IMPFj

°

(4.39)

AP

IAPI,T,

,

Ps
PCI

, Q

,

IMPF]

(4.40)

quantity of insecticides imported from U.S.

PES1

/ S

P

FEP, P°, API 1,T,P

Ps

,

[(h(PX+CT)+TR)
PES3

AP

,

01

=

domestic supply of insecticides in Mexico

IMPS

=

quantity of insecticides imported from countries other than the U.S. (rest of the world)

PES2

=

quantity of herbicides imported from U.S.

1MPH

=

quantity of herbicides imported from countries
other than the U.S. (rest of the world)

=

domestic supply of herbicides in Mexico

PES3

=

quantity of fungicides imported from U.S.

IMPF

=

quantity of fungicides imported from countries

Q

other than the U.S. (rest of the world)
=

domestic supply of fungicides in Mexico
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CHAPTER V

EMPIRICAL MODEL AND RESULTS

Empirical Model

The theoretical model for the Mexican import demand of pesticides from the U.S. described earlier will be empirically estimated.

The modifications in the theoretical model are dictated

by the data and the need to maintain manageability of the model.
Lack of data and desire to choose a simple model rather than
a complicated one caused the removal from the model of some of
the variables included in the previously developed theoretical
framework.

There has been considerable discussion in the literature as to

which are the appropriate explanatory variables to be introduced
into the regression.

As Prais (1962) states, "one of the guiding

principals in time series analysis is to use as few explanatory variables as possible so as to preserve the statistical significance of
the analysis, the number of degrees of freedom being limited."

general, the variance of the parameter

In

estimates, given a fixed

sample size increases with the number of regressors.

There is,

then, a cost associated with increasing the number of independent
variables:

larger variances resulting in less precise estimators

of the coefficients.

Also Koutsoyiannis (1977) states, "It is clear

that the number of variables to be included in the model depends on
the nature of the phenomenon being studied and the purpose of the
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research." Usually only the most important (four or five) explana-

tory variables will be introduced explicitly in the function and
the influence of less important factors is taken into account by
the introduction of a disturbance term in the model.
On the other hand, leaving out some variables might cause
structural bias.

Thus, there is a need for care and judgment in

the selection of the set of independent variables.

Considering this, an effort has been made to include the most
important variables in the model.

Import prices of different

groups of pesticides, prices of outputs using pesticides as an input, prices of other inputs (complements or substitutes to pesti-

cides in the production process), and the quantity of pesticides
imported from countries other than the U.S. are included into the
model.

The effect of the other important variables on the volume of

imports, such as transportation costs, exchange rates, and insurance
costs, are already captured in the model by using Mexican statistics.
It is believed that the variables dropped from the model belong to groups of lower order of importance and it is hoped that
dropping these variables does not result in a major specification
bias in the model.

The following variables have been dropped from the model for
each group of pesticides.

The variable representing the unit price

of all other remaining inputs paid by farmers in producing agricul-

(p))
tural products (P0), variable

representing the unit price

of agricultural products paid by processors, P1 representing the
unit price of all other inputs paid by processors, and variable
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(pC)

the unit price of output received by processors have been

dropped from the model due to lack of reliable data.
representing world export price for cotton
for textiles

TEX'

WEX'

The variables

world export price

world export price for synthetic fibers

WSF'

world export price for other inputs used by textile industry (P)
and real world export (WEX) have also been droned, due to the
difficulties of finding such data and also due to the manageability
of the model.

Data on transportation costs are not available, but import
data from Mexico, which include transportation costs, are
available.

The effect of the exchange rate on imports is implicit-

ly considered by expressing the import price of pesticides in
Mexican currency (pesos).

Information on tariffs was only avail-

able for insecticides.

Other modifications include using production data rather than
supply data in the specification of the import demand function for
pesticides, necessitated by the lack of available data for inventories in Mexico.

Also, reliable data concerning domestic production of

fungicides was not found, so this variable has been dropped from
the model for fungicides.
the consumer level

(pP)

The price of agricultural products at

and the price of substitutes

(ES)

have

been dropped from the model due to its manageability.
Bearing in mind the above discussion and remembering that the
emphasis of this study is on demand, a single equation model for
import demand for each group of pesticides has been formulated.
The single equation model here is defined as an import demand in
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which the price of the product of concern (pesticides) is assumed to
As discussed in Chapter 1, if the im-

be exogenously determined.

porting country of concern is small, downward bias in the estimation
of the parameters can be avoided by employing orindary least squares
in a single equation model.'

Evidence shows that the amount of pes-

ticides imported from the U.S. by Mexico compared to total pesticide exports of the U.S. in negligible.

The average of 2.5 percent

of all U.S. exports went to Mexico (1960-1978).

So the assumption

that Mexico is a price taker and price is exogenously determined
to the model is plausible.

Insecticides

After the modifications referred to in the previous chapter,
the specified model for insecticides is represented by equations
(5.1) and (5.2):

PES1 = a0 - a1 INP - a2 IMPS + a3 COP1 - a4 DOPS +

a5FER-a6FEP-a7DUM±a8T+p1
PES1 = a0 - a1
FEP

INP

(5.1)

- a2 IMPS + a3DOPS+ a4 FER -

- a6 DUM ± a7 T +

(5.2)

'A good discussion about OLS can be found in Orcutt (1950) and
in Leamer and Stern (1970).
Notes:

(i) definitions and measurements of data for the variables
are presented in Table 23 (p. 147).
(ii) variables IMPS, 1MPH, IMPF representing quantity of insecticides, herbicides and fungicides imported from countries other than the U.S. and also domestic production of

144

If the model is properly specified, a negative coefficient for
the import price of insecticides (INP) is expected a priori.

A

negative coefficient for the quantity of insecticides imported
from countries other than the U.S. (IMPS) is expected since it is
assumed that import of insecticides from other countries are substitutes for imports from the United States.

The cotton export

price (COP1) is foreseen to be positively related to the imports
of insecticides.

The negative sign is expected for the coefficient

of domestic production of insecticides (DOPS).

The positive sign

is expected for the foreign exchange reserve variable (PER) since,
in general, a declining foreign exchange reserve will cause a government to put restrictions on import in the country under question.

A

negative cross-pri:e coefficient for fertilizer price (FEP) is expected if fertilizer is to be regarded as a complementary input.
The dummy variable (DUM) accounting for the post-1972 period is
expected to have a negative sign, indicating that the restrictions
and cancellation of some products within the insecticides group tend
to reduce the Mexican demand for insecticides.

Initially variable T (time) was incorporated into the model
to account for the increase of domestic demand due to technical
knowledge of farmers, education, technical assistance, extension
services and advertising campaigns of the manufacturers and

insecticides, herbicides (DOPS, DOPH) is assumed to be exogenously determined in this model.
's and y's) indicate the direc(iii) signs of the parameters (a's,
tion of the relationship as hypothesized.
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This positive trend may be offset by

distributors of pesticides.

domestic production of pesticides and imports from countries other
than the U.S.

pirically.

Therefore, the sign of (T) will be determined em-

A positive sign indicates an increasing import of

insecticides during the period of study and a negative sign indicating the opposite.

Herbicides and Fungicides

The specified model for herbicides and fungicides are represented by equations (5.3), (5.4), (5.5), and (5.6):

PES2

B0 - B1 HEP - B2 1MPH + B3 API1 - B4 DOPH +

B5 FER + B6 W - B7 PEP + B8

B9 DUM ±

T + U2

B10

(5.3)

HEP

PES2

PCI -

API1 -

B0 - B1
w

B5

-

B6

B2 1MPH + B3 DOPH + B4 FER +

FEP

PT1

'-1

+

B7 PCI - B8 DUN ±

(5.4)

B9 T + U2

PES3

=

l

O -

-

2

-

'6

FEP

+

IMPF

API1

+

PCI
-

'8

DUN ±

(4 FER +

T + U3

(5.5)
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w

FliP

PES3

i XPT

-

FEP
5

+

IMPF +

-

FER - Y4

DUM ±

PCI

T + U3

(5.6)

-

A negative coefficient for the import price of herbicides and
fungicides (HEP, FUD) is expected a priori.

The quantity of herbi-

cides and fungicides imported from the other countries (1MPH, IMPF)
are foreseen to be negatively related to the imports of herbicides
and fungicides from the U.S.

A positive coefficient for the agri-

cultural price index (API1) is expected.

A negative sign is ex-

pected for domestic production of herbicides (DOPH).

A positive

sign is expected for the foreign exchange reserve variable.
A positive cross-price coefficient of wage rate (W) is expected
in the herbicides model since it is hypothesized that herbicides and
labor are substitutes in the production process.

In the fungicides

model a negative cross-price coefficient of wage rate (W) is expected under the assumption that fungicides and labor are
complementary.

A negative cross-price coefficient for fertilizer is expected
in both sets of equations, if one considers fertilizer as a complementary input.

The dummy variable, as in the case of insecticides,

is expected to be negative in both the herbicides and fungicides
model.

The sign of the time (T) variable will be determined

empirically.
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TABLE 23.

Definition and measurement of data for the variables used
in the study.
Definition and measurements

Variable name
PES1

Mexico's total import of insecticides from U.S.
(kilograms)

INP

Average import price of insecticides (pesos per
kilogram)

IMPS

Mexico's total import of insecticides from countries other than the U.S. (kilograms)

COP1

Export price of cotton (pesos per kilogram)

DOPS

Domestic production of insecticides in Mexico
(kilograms)

FER

Reserves in gold, silver and foreign exchange
in Bank of Mexico (million dollars)

FEP

Fertilizer price paid by farmers (pesos per
kilogram)

DUM

Dummy variable equal to zero for years 1960-1972
and equal to 1 otherwise

T

Time variable

PES2

Mexico's total import of herbicides from U.S.
(kilograms)

HEP

Average price of herbicides (pesos per kilogram)

1MPH

Mexico's total import of herbicides from countries other than the U.S.

API1

Agricultural products price index (1963 = 100)

DOPH

Domestic production of herbicides in Mexico
(kilograms)

W

Daily average minimum wage rate in rural area
in Mexico (pesos)

PCI

Real per capita income (millions of pesos)

PBS3

Mexico's total import of fungicides from U.S.
(kilograms)

FUP

Average import price of fungicides (pesos
per kilogram)

IMPF

Mexico's total import of fungicides from countries other than the U.S. (kilograms)
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Functional Form

There are a number of alternative functional forms from which
to choose in a particular econometric model.

Theory gives no firm

indication as to the form of the relationship, however, several
criteria can be considered in choosing the functional form.

First,

one tends to choose a simple form rather than a complicated form
if the two can explain the problem equally well.

The second cri-

terion is that one should rely on economic theory as much as possible in choosing the forms.

Third, a good model should not only

summarize the actual phenomenon but also predict the future.

This

criterion suggests that the functional form should at least fit the
data well.

This is a necessary condition for a model to have good

predictive power.

These three criteria are not necessarily mutually consistent.

They may contradict each other.

Therefore, the choice of

a functional form is often a difficult task for econometricians
(Hu, 1972).

Two commonly employed functional forms have been chosen

for this study:
functional form.

the linear functional form and double-logarithm
In the linear form, the relationship between in-

dependent variables is additive and in the double-logarithm it is
multiplicative.

Estimation Technique

Ordinary least square (OLS) has been utilized for the estimation in this study.
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There are several reasons why the OLS method is so commonly
First, the parameters estimates obtained by OLS have some

used.

optimal properties (best-linear-unbiased) under well-known assuinptions.

Second, the computational procedure of OLS is fairly simple

as compared with other economietric techniques, and the data requirements are not excessive.

Third, the least-squares method

has been used in a wide range of economic relationships with fairly
satisfactory results and still is one of the most commonly employed
methods in estimating relationships in econometric models.

And,

finally, the mechanics of least squares are simple to understand.
Various assumptions are made regarding the usage of this estimation procedure (OLS):

The disturbance terms are normally distributed with an expected
value of zero and constant and finite variance.
The values of the disturbance terms are independent of one
another.

The observations on the exogenous variables are fixed and independent of disturbance terms.

None of the independent variables is a linear cmbinatiøn of
the others.

Johnston (1972, p. 48) mentioned that making logarithm transformation in order to keep the calculations in a simple linear
framework may lead to a violation of some of the basic assumptions
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underlying the linear techniques.

Therefore, appropriate tests

must be made to verify the basic underlying assumptions.

The Data and Time Period

The basic data2 used in this study will be discussed in the
following section.

Two possible sources for import and export data

were available:

export statistics from the U.S.3
import statistics from Mexico.

Mexican statistics are made on a yearly basis also in which
the chemical names of products are given in an unclassified form.
An advantage of using Mexican statistics is that they include the
value of transportation and cost of insurance which better reflect
the actual cost to the importers.

For this reason Mexican statis-

tics have been used in this study.

The Mexican data, however, had to be converted to the common
name of pesticides and classified according to the different group

2The basic data consist of observations of volume of imports
of pesticides and their associated import values. All of the basic
data used in this study are presented in Appendix A.
3Export statistics from the U.S. are provided on a monthly and
yearly basis.
For the purpose of comparison and completeness, the
estimated import demand equations with Mexican data were reestimated
with the data obtained from the U.S. exporting statistics. The resuits are presented in Appendix B. The time period using U.S. statistics has been 1960-1978 for all groups of pesticides.
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of pesticides.

This was not easy even with the help of experts in

the Department of Agricultural Chemistry at Oregon State University.
Some of the data had to be left out from the statistics since they
could not be identified.

The data from different sources (U.S. - Mexico) were not consistent.

U.S. data show exports of herbicides to Mexico during

the years 1960-1965 and fungicides during the years 1960-1966, but
Mexican statistics do not show any quantity of import for herbicides and fungicides during these years.
choice between the data sets.

This necessitated a

For the reason previously given,

the Mexican data were selected.

The time unit chosen in this study is one year.

The period

covered in this investigation is constrained by the availability of
data and encompasses the years 1960-1978 for insecticides, 1965-1978
for herbicides and 1966-1978 for fungicides.

Empirical Results

In the following pages, the results of the analysis are
presented.

Insecticides

The import demand for insecticides from the U.S. has been
estimated using two different specifications:
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Specification One:

The model has been estimated with INP (average import price

of insecticides) and COP1 (cotton export price) at two
separate explanatory variables.

Specification Two:

This model has been estimated using price ratio

INP
=
-1

INPC) as an explanatory variable.

One of the properties

of demand equations which may be viewed as a restriction
is the homogeneity condition.

In the case of the input

demand equation, it postulates that every demand equation

must be homogeneous of degree zero in all prices (price
of output, prices of inputs).

In other words, if all

prices are multipled by a constant number, say a, the
quantity demanded of input remains unchanged.

In order

to ensure the property of zero order homogeneity, the
demand equation should be written in a particular way,

namely by placing the output price in the denominator
of all ratios.

In this particular case, all the prices

have been deflated to COP1 (cotton export price).

A.

Linear form

1.

Specification One
The estimated equation suffers from inulticollinearity as

153

detected by the Bunch-Map analysis.4

The variables DOPS (domestic

production of insecticides), FEP (unit price of fertilizer paid by
farmers), and FER (foreign exchange reserve)
the full equation model as superfluous.
estimations is reported in equation

were dropped from

The result of the final

(57)5

4The procedure for the Bunch-Map analysis method is to regress
We
the dependent variable on each one of the explanatory variables.
chose the elementary regression which appears to give the most plausiThen we graduble result on both a priori and statistical criteria.
ally insert additional variables and examine their effects on the individual coefficients on their standard errors, and on the overall R2.
A new variable is classified as useful, superfluous or detrimental as
follows:

If the new variable improves R2 (sufficiently enough to increase
R2) without rendering the individual coefficients unacceptable
(wrong) on a priori considerations, the variable is considered
useful and is retained as an explanatory variable.
If the new variable does not improve 2 and does not affect to
any considerable extent the values of the individual coefficient,
it is considered as superfluous and is eliminated.
If the new variable affects considerably the signs or the values
of the coefficients, it is considered as detrimental.
If the
individual coefficients are affected in such a way as to become
unacceptable on theoretical/a priori considerations, it is a warning that multicollinearity is a serious problem (Koutsoyiannis,
1977).

5Hereafter, the values in parenthesis, appearing below the parameters, are the calculated t-values of the regression coefficient.
(*) statistically significant
The following notation is employed:
at 90 percent level; (**) statistically significant at the 95 percent
level; (***) statistically significant at the 99 percent level. N refers to the number of observations.

As a complementary work variable COTA (cotton acreage) has been
substituted for
(cotton export price). A new estimated equation
1
is reported below: -

Note:
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PES1 = 6317600 + 4443.09 INP + .781185 IMPS
(.445972)

(2.l8096)**

+ 157331 cop
+ 1877660 DUM - 666393 T
(l.37122)*_1
(_6.50593)***
(1 .57252)*
R2 = .88

(5.7)

F = 20.56***
N = 19
D-W = 2.80

In equation (5.7) the variables INP (average import price of insecti-

cides) and DUM (dummy variable) have a positive sign which do not
agree with a priori expectation.
multicollinearity in the model.

This might be the consequence of
The coefficient of variable

IMPS (quantity of insecticides imported from countries other than
the U.S.) has a positive sign that is contrary to prior expectation.
It seems realistic to consider that the variable (IMPS) quantity of

PES
1

= 1081870 - 2800.64 INP + 1.20571 IMPS
(2.09408)**
(- .206709)
+ 6106.58 COTA + 2459630 DIJM - 24724 1
(2.54037)**
(-1.80037)
(1.22927)
= .74

R
F

(5.8)

743***

N = 19
D-W = 1.86

Equation (5.7) yielded a better fit than equation (5.8) with respect to R2, F statistics and t-values for variables IMPS, DUM, and
T.
However, variable COTA is significant at 95% level of
significance.
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insecticides imported from countries other than the U.S. rather than
being an exogenous variable (as specified in our model), is a
variable determined endogenously.

That is, there is a mutual depen-

dence between quantity of insecticides imported from the U.S. and
quantity of insecticides imported from the other countries.

This

argument implies that import demand equation for U.S. insecticides
is only part of the larger system of equations including the demand
function for the insecticides imported from the countries other than
the U.S.

Consequently, the unexpected sign for the variable (IMPS)

could be related to the simplified model specification ied in the
present study.

Unavailability of data, especially price data for in-

secticides imported from the other countries, make further investigation difficult at this time.

The coefficient of COP1 (cotton export price) has a positive
sign which agrees with a priori expectation.

This indicates that

a change in the export price for cotton results in a change in the
sane direction in the volume of imports of insecticides from the U.S.

The variable COP1 is also significant at 90 percent level.
The coefficient of the variable T (time) has a negative sign
indicating that the absolute quantity of insecticides imported from
the U.S. during the period of study has declined.

This might suggest

that some of the U.S. market share has been captured by domestic production of insecticides and/or by imports of insecticides from the
other countries.
level.

The variable T is significant at the 99 percent
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2.

Specification Two (using price ratios)

The same procedure has been followed for this model; the
result of the final estimation is reported in equation
(5.9).

PES1 = 6328160 - 47767.1 INPC + .905927 IMPS
(2.44605)**
(- .311248)
+ .2994130 DUM - 599180 T
(_5.71338)***
(2.86387)***
(5.9)

R2 = .86

F = 22.30
N = 19
D-W = 2.59

Equation (5.9) gives pretty much the same result as equation (5.7) in
terms of the coefficient of determination (R2).

However, the F Statis-

tic and t-values for variables IMPS and DUM are higher in equation
(5.9).

Variable INPC ()is not significant and variable DUM has

a positive sign, both of these phenomenon might occur because of
multicollinearity problems in the model.
B.

Double-Log Form
1.

Specification One
In attempting to get a better result, equation (5.7) has

been re-estimated using double-logarithm form.

The results

are shown as equation (5.10):
log PES
1

= 8.75104 - .91956 log INP + .549662 lo IMPS +
(2.77948)* *
(_2.59996)**
- .615259 log T
1.04152 log COP
-1
(_2.75622)***
(1.99950)*
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(5.10)

R2 = .85
** *

F = 20.84

N = 19

D-W = 1.78

In equation (5.10) all variables except for IMPS have the expected sign and all are statistically significant.
2.

Specification Two
Equation (5.9) has been reestimated using double-log form.

Equation (5.11) shows the result:

log PES1 = 8.62764 - .886186 log INPC + .565219 10 IMPS (2.99577)* *
(2.77275)***
.570302 log T
(2. 8800)***

(5.11)

.85

***

F = 30.19

N = 19
D-W = 1.75

In equation (5.11) all variables except for IMPS have the expected sign and all are statistically significant.

Equation (5.11)

compared to equation (5.9) and (5.10) gave pretty much the same resuit with respect to R2 but the F statistic is much higher in equa-

tion (5.11) compared to the other equations.

Variable INPC (-.) is

statistically significant at the 99 percent level of significance.
These results show that the double logarithm equations, (5.10)
and (5.11), give better fits in comparison with the linear equations
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(5.7) and (5.9).

Equation (5.11) appears to be the best equation

representing the import demand for insecticides from the U.S.

The

F statistics are higher compared to equation (5.10); it also meets
the homogeneity condition.

Also in equations (5.7) and (5.9) the Durbin-Watson test for
autocorrelation lies in the inconclusive range.

For equations (5.10)

and (5.11), the Durbin-Watson test indicates the basence of autocorrelation at the one percent significance level.

Elasticities

Bearing in mind that double-logarithm models appear to be
better than the linear forms, the following discussion will relate
exclusively to equations (5.10) and (5.11).

In equation (5.10), the coefficient for log INP is its price
elasticity.

If the coefficient reflects the actual magnitude, the

estimated price elasticity of import demand for insecticides is
approximately -0.92.

This suggests that, ceteris paribus, a one

percent increase in the Mexican import prices of insecticides will
cause a decrease in the Mexican import of insecticides by 0.92
percent.

The estimated demand elasticity with respect to the cotton ex-

port price is 1.04, indicating that one percent increase in cotton
export price tends to increase imports by 1.04 percent.
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In equation (5.11), the estimated import demand elasticity
INP

with respect to the price ratio (- ) is approximately 0.89, in-1

dicating that one percent increase in price ratio tends to decrease
imports of insecticides by 0.89 percent.

Herbicides
A.

Linear Form
1.

Specification One

Estimated equations in this specification include HEP (aver-

age import price of herbicides) and API1 (agricultural price
index) as separate explanatory variables.
From a full equation, variables 1MPH (quantity of herbicides
imported from countries other than the U.S.), FER (foreign exchange reserve), DOPH (domestic production of herbicides),

API1 (agricultural price index) and DUM (dummy variable) have
been dropped as superfluous variables.
A possible explanation for the lack of importance of variable
DUM (dummy variable) is that the government regulations in Mexico
concerning cancellation and restrictions of pesticides have been
less significant for herbicides compared to the insecticides.
The results of the final estimation are reported in equation
(5.12):
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PES2 = -302.6570- 7279.49 HEP + 1690940 FEP (_3.71845)*** (4. 12477) **
11555.1 W + 62710.9 PCI - 141877 T
(1.63996)*
(4.57717)*** (353454)***

R2 = .82
F =

(5.12)

7.16***

N = 14

D-W

=

2.66

The estimated coefficient for variable HEP (average import
price for herbicides) is negative as was expected.

This sug-

gests the higher the price paid for herbicides imports by
Mexico, the lower are the volumes imported by Mexico, ceteris
paribus.

The coefficient for variable PCI (per capita income) has
a positive sign and is statistically significant, which suggests
that the higher per capita income in Mexico, the larger the
volumes of herbicides imported by Mexico.
In equation (5.12) all estimated coefficients are statistically significant.

The coefficient of the variable PEP (unit

price of fertilizer paid by farmers) has a positive sign that
is not in accordance with a priori expectation.

These results

may be due to the relatively high intercorrelation between
this variable and HEP (average import price of herbicides), as
can be seen by the correlation coefficient rFEP, HEP

.94.

Also, the unexpected sign for the variable FEP might be the
result of specification error in the model.
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The estimated coefficient for variable W (wage rate) has a negative sign.

At first glance this does not support the hypothesis that

labor and herbicides are substitutes in the production of agricultural products.

Variable W (the wage rate) was initially included

in the model in order to investigate the effect of variation in the
wage rate on the domestic consumption of herbicides.

Considering

the fact that the estimated equation is an import demand equation and
taking into account the declining trend in the quantity of herbicides
imported from the U.S. an increasing wage rate might provide the explanation for the negative sign of coefficient W.

In other words,

the partial derivatives of quantity of herbicides imported from the
U.S. with respect to time has a negative sign while the partial deriva-

tives of the wage rate with respect to time is positive; therefore,
the partial derivative of quantity of herbicides imported from the

U.S. with respect to the wage rate must have a negative sign (chain
rule).

In order to investigate the issue further, the equation has been
estimated with using a proxy variable for the consumption of herbicides (total imports + domestic production of herbicides) as the de-

pendent variable and the wage rate as an explanatory variable.6

The

estimated coefficient for the wage rate was positive; therefore, the
result supported the hypothesis that herbicides and labor are substitute inputs in production process.

6The estimated equation is presented below:

CONS = 26730.9 + 21243.9 W
(3. 37631)
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The estimated coefficient for variable T has a negative sign,
suggesting that the quantity of imports has declined through the
Similar to the case of in-

time period considered by this study.

secticides, this might suggest that part of the U.S. market share

has been captured by domestic production of herbicides and/or by
importing herbicides from countries other than the U.S.

Specification Two

2.

This model has been estimated using the price ratio
HEP

Ki

) as an explanatory variable.

The estimated model showed

poor results in terms of R2 and F statistics compared to initial
equation (5.12) so it will not be reported here.

D.

Double-logarithm Form
Equation (5.12) is reestimated using the double-log form.

The

resulting equation is:

PES2 = -10.5645 - .906687 1ø
(-2.99564)

4.46784 lo
(3.12392)*

R2

HEP - 3.09361 1O
*

(-2.46946)

*

W+

FEP + 9.17813 log PCI - .647918 log T
(2.138l9)**
(-.298659)

(5.13)

.75

F = 5.07
N

D-W

R2

14

2.26

.49

F = 11.39

N = 14
D-W = 1.38

where:

CONS = a proxy variable for consumption of herbicides
W = wage rate
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Equation (5.13) gave the same result as equation (5.12) in terms
of the coefficient signs, but the linear model (5.12) gave better
fit with respect to R2, F statistics and t-values of all variables,
except W.

However, both models suffer from multicollinearity which

may account for the wrong sign for variable FEP (unit price of fertilizer paid by farmers).

A review of the lieterature on methods for

correcting for multicollinearity reveals that an appropriate remedy
for multicollinearity when estimated structural parameters are of interest is to increase the number of observations (Johnston, 1972;
Koutsoyiannis, 1977).

Unfortunately, data limitations make this

kind of correction impossible in this study.

Equations (5.12) and

(5.13) have also been reestimated without FEP in the models.

The

resulting equations are:

PES2 =-139.8540 - 2916.70 HEP - 9541.38 W + 46229.8 PCI (2.1l597)**
(l.l8095)
(-1.06204)
130140 T
(_l.94965)**

R2 = .42

F = 1.69

N = 14
D-W = 1.71

7Statistically significant at 80 percent level.

(5.14)
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PES2

-5.09445 - .794500 lo
(-1.88200)

*

HEP - .0943004 log W +
(.0923878)

5.29972 log PCI - 1.00575 log T
(.918185)
(-.330496)
(5.15)

R

= .46

F = 1.97

N = 14
D-W = 1.71

Both equations (5.14) and (5.15) gave poor results in terms of R2, F
statistics and t-values of the variables.

The t-value for variable

HEP (average import price of herbicides) is higher in equation (5.14).

In equations (5.12) and (5.13) the Durbin-Watson test for autocorrelation lies in the inconclusive range.

For equations (5.14)

and (5.15) the Durbin-Watson test indicates the absence of autocorrelation at the one percent significance level.

Since API1 (agri-

cultural price index) has been dropped from the model as a superfluous variable, in order to explore the possibility of improvement of
the model, the effort has been made to include the acreage of the
most important agricultural products (in terms of consuming herbicides) in the model.

As previously discussed, corn, sugar cane,

rice and wheat are the most important crops in this regard.

There-

fore, the acreage of sugar cane, and the total acreage of grain
(corn + wheat + rice) were introduced into the model as two explanatory variables.

Unfortunately, both estimated equations were poor

in terms of R2, F statistics and t-values for the variables compared
to the initial model that does not have acreage as an explanatory

165

variable.

Therefore, results will not be reported here.8

Results of the estimated equations show that the linear form

model, equation (5.12) gives a better fit in comparison with the
double-logarithm form, equation (5.13).
F statistics are higher.

In equation (5.12) R2 and

Also, t-values for most of the variables

are higher in this equation.

However, this equation does not meet

the homogeneity condition of demand functions.

Therefore, some eco-

nomists may not consider it to be a demand equation.

8As a complementary effort, acreage and production of wheat,
rice, corn and sugar cane have been used as the sole explanatory
variables in different estimations. However, only the estimated
coefficient for production and acreage of sugar cane were statistically significant. Results are presented below:

PES

2

=

R2

-35.062i 16.9412 SUGP

(2.45504)**

(5.16)

.26

***
F = 6.02

where

D-W =

1.17

SUGP = production of sugar cane

PES2 =-629.81l + 1688.67 SUGA
(3. 02712)

R2 =

(5.17)

.35

***
F = 9.16

D-W = 1.43

where SUGA = total acreage of sugar cane.
The Durbin-Watson test for equations (5.16) and (5.17) indicates
the absence of autocorrelation at the one percent significance level.
Sugar cane to some extent linked closely with the export markets, alSugar cane exports reprethough not to the same degree as cotton.
sented about 25 percent of total output and has been more or less
stable in 1970's.
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El asticities

From equation (5.12), demand elasticity with respect to
the import price of herbicides has been calculated using the mean
values of the variables.

If this reflects the actual magnitude,

the estimated point price elasticity of import demand estimated at
the means for herbicides is approximately -1.68.

This suggests

that, ceteris paribus, a one percent increase in the Mexican import prices of herbicides will cause a decrease in the Mexican import of herbicides by 1.68 percent.

Fungicides
A.

Linear Form
1.

Specification One

This model is estimated using FUP (average import price of
fungicides) and API1 (agricultural price index) as separate explanatory variables.

Variables API1 (agricultural price index), FEP (unit price
of fertilizer paid by farmers), T (time), PCI (per capita in-

come) and DUM (dummy) were dropped from the model as superfluous variables.

The rationale for lack of explanatory power for

DUM (dummy variable) is the saire as stated for the case of
herbicides.

As previously discussed, fruits and vegetables (potatoes,
tomatoes, strawberries) are the main consumers of fungicides.
They are mostly produced for export.

Since they are primarily ex-

ported, per capita Mexican income does not affect the quantity of
fungicides imports for these products and PCI (per capita income)
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has been dropped from the model.

After dropping the superfluous variables, the final estimation
equation is:

= 282301 + 1984.11 FUP + 3.73855 IMPF
(4.97587)***
(1.27465)

PES

- 285.958 FER - 2960.62W
(2.68963)**
(2.03508)**

(5.18)

= .80

R

F = 8.16***

N = 13
D-W

2.81

Equation (5.20) does not provide the expected sign of estimated
coefficients even though all the variables (except FUP) are statistically significant.

IMPF (quantity of fungicides imported from

other countries) has a positive sign that is contrary to prior expectation; however, the explanation is the saie as in the case of
insecticides.

The estimated coefficient for FER (foreign exchange

reserve) has a negative sign, which does not agree with a priori
expectation.

This is possibly a consequence of highly intercorre-

lated variables in the model, as seen by the correlation coefficient:

rFER, IMPF = .86
rFER, FUP

= .82

The estimated coefficient for FUP (average import price of fungicides) has a positive sign, which is in contrast with a priori
expectation.

As we know, estimators are based on both the model and
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the data, thus errors in the data can give rise to errors in the estimators as well.

As Orcutt (1950) mentioned, the sources of error

in available statistics are many, such as systematic biases in the
collection or publication of the data, as well as falsification and
misclassification.

Misclassification might be the most important source of error
in the data in the study in hand.

As discussed before Mexican data

are published in chemical names of product and therefore in unclassified form.

In spite of spending a great deal of time in order to

recognize their common names and classifying them into different
groups of pesticides, there was uncertainty about some of these
chemical names.

Bearing in mind the above discussion, the problem of misclassification may exist in the data and therefore it is possible to hypothesize that the estimated positive sign for the coefficient, FUP (average import price for fungicides), results from problems with data.
It is also a possibility that the wrong sign for variable FUP has
been the result of errors in the model.

Treating Mexico as a price

taker (facing a perfectly elastic export supply curve) makes it appropriate to use ordinary least square as a method of estimation.

But,

it is also possible that shifting the supply and demand schedules upward with a relatively larger shift of demand compared to supply has
caused the fitted regression line to have a positive slope.
2.

Specification Two

The model estimated with price ratio (.ç) gave poor
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results in terms of R2 and F statistics compared to equation
(5.20) so it will not be reported here.

B.

Double-Log Form

Equation (5.20) has been reestimated in double-log form; the
resulting equation is:

Log PES3 = 17.15140 + 1.27228 log FUP + .342139 lo
(1.24767)

IMPF

(2.05l35)*

- 1.37282 log FER - 1.17836 log W
(-1.31226)

(-1.23378)

(5.19)

R2 = .53

F = 2.28

N = 13
= 2.53

In equation (5.19) the signs for the estimated coefficients are
Comparing these two equations indicates

the same as equation (5.18).

that the linear form (5.18) is better than the double-log form;
and F statistics are higher and more variables are statistically
significant.

Equations (5.18) and (5.19) have also been re-estimated

without FER in the models; the resulting equations are:

PES

= 103559 + 1014.70 FUP + 2.40153 IMPF
(3.27643)***
(- .718020)

- 494.036 w
(- .336238)
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(5.20)

R2 = .62
**

F = 5.00

N = 13
D-W = 2.37

PES3 = 9.72716 + .350036 log FUP + .233903 log IMPF
(.455815)

(1.55243)

- .470276 log W
(.574173)

(5.21)

= .43

F = 2.28

N = 13
D-W = 2.29

Comparing these two equations also indicates that the linear form
(equation 5.20) is better with respect to R2, F statistics and tvalues for variables IMPF and FUP.

In equations (5.18) and (5.19) the

Durbin-Watson test for autocorrelation lies in the inconclusive range.
For equations (5.20) and (5.21) the Durbin-Watson test indicates the
absence of autocorrelation at the one percent significance level.

As in the case of herbicides, the variable API1 has been dropped
from the model.

In order to improve the model, the acreage of the

most important agricultural products (in terms of consuming fungicides)
was included in the model.

As previously mentioned tomatoes, wheat,

potatoes and strawberries are the most important crops in this regard.
Therefore, the acreage of these crops was introduced into the model as
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four explanatory variables.9 Four separate equations were estimated;
all of them compared to equation (5.18) and were pretty much the

9As a complementary work, acreage and production of wheat,
tomatoes and strawberries have been used as only explanatory variables in different estimations. Only those estimated equations
that contain explanatory variables that are statistically significant are reported below:
PES

3

= -1015.83 + 1.11765 STRP
(l.9492)**
(5.23)

R2 = .18

F = 3.79
D-W = 1.38

where: STRP

PES

total production of strawberry

= -753743 + 221.270 TOMP
(45457)***

3

(5.24)

R2 = .54
***

F = 20.66
D-W = 2.25

where: TOMP = total production of tomatoes

= -36456.2 + 61.9482 W1-IEP

PES

*

(1. 7135)

R

=

.14

(5.25)

F = 2.93

D-W = 1.69

where: WHEP = total production of wheat

In all estimated equations (5.23), (5.24), and (5.25) the
Durbin-Watson test indicates that there is no autocorrelation
at one percent level.
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same in terms of R2 and F statistics.

Among variables TOMA (acreage

of tomatoes), STRA (acreage of strawberries), PAPA (acreage of potatoes) and WHEA (acreage of wheat), only variable PAPA was statistically significant, therefore the estimated equation including this
variable are reported here:

PES

= 86033.5 + 1624.58 FUP + 3.41999 IMPF - 239.155 PER
(_2.28l47)**
(4.63270)***
(1.09705)
- 3817.52 W + 4194.37 PAPA
(_2.56672)** (l.44741)*

(5.22)

R2 = .84

F = 7.84***

N = 13
D-W = 3.07

Also an effort was made to include the production of the mentioned crops into the model; however, the estimated equations were
generally poor in terms of R2 and F statistics and none of the production variables were statistically significant.

For equation (5.22),

Durbin-Watson test for autocorrelation lies in the inconclusive
range.

In summary, in the fungicides case, none of the estimated models

provides satisfactory results in terms of the expected signs for
most of the variables.
given in this sector.

Therefore, no fungicides demand equation is
However, fungicides is the least important
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group of pesticides used in Mexico; it represents only 11 percent
of total pesticide consumption in Mexico.

Thus, the failure to esti-

mate a fungicides demand equation is not critical for this work.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary

This study is an economic analysis of the Mexican import demand for U.S. pesticides (insecticides-herbicides-fungicides).
The specific objectives of this study are:
to describe the more relevant market characteristics
for pesticides in the U.S. and Mexico;

to identify the major consumers of different groups of
pesticides in Mexico in terms of crops and regions;
to review Mexican agricultural policy in its historical

perspective and its effect on the pattern of consumption
of pesticides in the country;

to construct and estimate an econometric model for different groups of pesticides in which the major factors affecting the import demand can be determined and quantitatively
evaluated.

The worldts trade in pesticides occurs largely between countries of
the developed world.

Latin America is the most important market

among developing countries and Mexico after Brazil is the most important individual user country in the region.

Approximately 40 percent of the pesticides consumption in Mexico
came from imports (1976).

The major exporter of pesticides to Mexico

has been the United States (in 1970, 66 percent of total pesticides
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imports came from the U.S.); however, in the 1970's, Mexico expanded
its imports from other countries.
Both the pesticides industry of the U.S. and Mexico have oligopolistic natures.

The pesticide industry is a part of the chemical

industry and the chemical industry is among the heaviest investors
in capital equipment.

Also, it is heavily dependent on scientific

knowledge and experience.

terms of pesticides usage, the most im-

portant group of pesticides in Mexico is insecticides (in 1976, 67
percent of the value of pesticides used).

The second most important

is herbicides with 22 percent followed by fungicides with 11 percent.
The cotton-growing regions are the largest consumers of pesticides.
There is a major difference in total consumption of pesticides
between the more advanced and more backward parts of the country.
The Mexican agricultural policy after the revolution (1910), with
the exception of the years from 1934-1940 (under the leadership of

Cardenas), emph"ized the growth of large commercial farms, particularly in the northern regions of the country, which specialize in
the production of relatively high-value crops for domestic use and
world market.

The dominance of large commercial farms in Mexican

agriculture is attributable in part to state policies that were
initiated to stimulate import substitution industrialization.
In order to identify and examine the major factors affecting
the Mexican import demand for U.S. pesticides, an econometric
model has been developed.

A single equation model for import

demand for pesticides has been formulated.
nique is ordinary least square (OLS).

The estimation tech-

The equations are estimated
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in linear form and double-logarithm form.

The period of analysis

for insecticides is 1960-1978, for herbicides is 1965-1978 and for
fungicides is 1966-1978; the data used are annual data.
in the present study is constructed with reference to:

The model
(a) the

neoclassical theory of the firm, consumer demand theory and international trade models; (b) the contribution of previous empirical
studies of import demand in general and domestic demand for pesticides and the other inputs;
market.

(c) the specific nature of the pesticides

The construction of the import demand equation for insecti-

ciees from the U.S. hypothesizes that the quantity of insecticides
import vary with respect to:

(a) import price of insecticides; (b)

the export price of cotton; (c) the quantity of insecticides imported

from countries other than the U.S.; (d) domestic production for insecticides; (e) the fertilizer price paid by farmers; (f) foreign
exchange reserve; (g) dummy variable; (h) time.
In the case of insecticides, most of the estimated coefficients
in the double-logarithm forms were in accordance with a priori expectations.

Only variable IMPS (the quantity of insecticides im-

ported from countries other than the U.S.) has a positive sign
which is contrary to a priori expectation, suggesting that specification error may be present in the model.

Equation (5.11), the

best equation representing the import demand for insecticides, is
reported below:

log PES
1

8.62754 - .886186 lo
(2.77275)*
- .570302 lo
(2. 8800)

**

T

*

INPC + .565219 IMPS
(2.99577)***
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R

= .85
***

F = 30.19
N = 19

D-W = 1.75

In equation (5.11), the estimated import demand elasticity with

respect to the price ratio () is approximately -0.88, indicating that one percent increase in price ratio tends to decrease
imports of insecticides by 0.88 percent.

In the construction of the import demand for herbicides and
fungicides it is hypothesized that quantity of herbicidesfungicides imported from the U.S. vary with respect to:

(a) aver-

age import price of herbicides-fungicides; (b) quantity of herbicides-fungicides imported from countries other than the U.S.; (c)
domestic production of herbicides; (d) agricultural price index;
(e) foreign exchange reserve;

(f) wage rate; (g) fertilizer price

paid by farmers; (h) per capita income; (i) dummy variable; (j)
time.

In the herbicides case, most of the estimated coefficients

were in accordance with a priori expectations.

The coefficient of

the variable FEP (unit price of fertilizer paid by farmers) has a
positive sign that is not in accordance with a priori expectation.

Multicollinearity is a problem in both functional form (linear and
double-logarithm) and possibly caused the wrong sign for PEP (unit
price of fertilizer paid by farmers).

For herbicides equation (5.12) is reported below; however, this
equation does not meet the homogeneity condition of demand functions:
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PES

2

=-302.6570 - 7279.49 HEP + 1690940 FEP (_3.71845)*** (4.12477)**
- 11555.1 W + 62710.9 PCI - 141877 T
(4.57717)***
(353454)
(1. 63996)*

In equation (5.12), the calculated demand elasticity (at the
mean value) with respect to import price is -1.68.

This suggests

that, ceteris paribus, a one percent increase in the Mexican import prices of herbicides will cause a decrease in the Mexican
import of herbicides by 1.68 percent.

In fungicides case, the result does not provide the expected
signs for estimated coefficients even though all the variables
(except FUP) are statistically significant.

In both functional

forms FUP (average import price of fungicides) has a positive sign.

Misclassification of data and/or specification error might have
caused this problem.

Also, the estimated coefficient for FER

(foreign exchange reserve) has a negative sign, which does not
agree with a priori expectation.
collinearity problem in the model.

This is a consequence of multiHowever, in fungicides case,

none of the estimated models are particularly good; nevertheless,

fungicides represent a small percent (11 percent) of the Mexican
total consumption of pesticides.

Thus, the failure to estimate

a fungicides demand equation is not critical.

Conclusions and Suggested Directions
for Future Research

Despite the many data constraints, the result suggests that
the primary objective of this research, which was to investigate
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the effect of the major factors on Mexican import demand for U.S.
pesticides was fulfilled.

In the insecticides and herbicides cases, the estimated co-

efficients for most of the variables are consistent with a priori
expectations.

Also, the construction of the demand equations for

the specific group of pesticides showed that the determinants of
imports vary with respect to the importance of the explanatory
variables in each case.

For fungicides, the estimated model

did not provide a satisfactory result in terms of the expected
sign for the estimated coefficients.

If the misclassification and probable inaccuracy of the data,

especially with respect to fungicides, could be eliminated, a better
analysis might appear and therefore they might improve the conclusions reached in this present study.

In spite of many deficiencies

this research is a pioneer in this area.

It can be used as the basis

for further investigation.

There are a number of lines along which the research done in
this study could be extended and improved.

First, Mexican import

demand for pesticides from the U.S. could be refined by introducing
import demand from the other countries, and thus avoiding specification errors that may have affected the sign of coefficient for quantity of pesticides imported from the countries other than the U.S.
estimated in this study.

In other words, the quantity of pesti-

cides imported from countries other than the U.S. could be treated
as an endogenous variable (instead of predetermined as was done here).
Second, a longer series of data, especially for herbicides and
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fungicides possibiy could improve the r5ult obtained by the regression.

Third, the estimates of the Mexican import demand for insecticides and herbicides could be refined by introducing another equation
regarding domestic production of insecttcides and herbicides into
the model.

In other words, the domestic production of insecticides

and herbicides in Mexico could be treate-d as endogenous variables
(instead of predetermined as was done iii this study).
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TABLE A-i.

Quantity of insecticides imported from the U.S. and
the other countries (rest of the world) in kilograms,
1960- 1978

Year

From U.S.

From the other countries
(rest of the world)

(1)

(2)

1960

6925069

1495131

1961

6824510

2119072

1962

8806138

2479355

1963

5942862

3141974

1964

9034153

3317207

1965

3941883

2630372

1966

3010110

893623

1967

2838464

1054080

1968

0889487

1942652

1969

2451002

3383293

1970

583379

295954

1971

328838

1179645

1972

554609

966014

1973

1027788

671722

1974

1255221

1444900

1975

806805

1323144

1976

766035

1144325

1977

598446

1531912

1978

720952

1495763

Source:

Columns 1 and 2, 1960-1978: Computed from Anuario Estadistica del Comercio Exterior de los Estados.
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TABLE A-2.

Quantity of herbicides imported from the U.S. and the
other countries (rest of the world) in kilograms,
1965-1978

From U.S.

Year

(1)

From the other countries
(rest of the world)
(2)

1965

59904

21840

1966

131959

97324

1967

167150

84105

1968

525248

163382

1969

660884

39300

1970

190623

49143

1971

248837

100127

1972

109384

152234

1973

99901

46330

1974

137030

141301

197 S

283514

257641

1976

77698

181209

1977

123933

164698

1978

128497

115931

Source:

Columns 1 and 2, 1965-1978: Computed from Anuario Estadistica del Comercio Exterior de los Estados.
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TABLE A-3.

Quantity of fungicides imported from the U.S. and the
other countries (rest of the world) in kilograns,
1966-1978

From U.S.

From the other countries
(rest of the world)

Year

(1)

(2)

1966

126587

1997

1967

62125

500

1968

54303

2028

1969

83606

4020

1970

92446

29311

1971

39243

13600

1972

280582

59750

1973

239792

58977

1974

124788

67758

1975

228639

68410

1976

97900

64810

1977

244911

130864

1978

103958

36303

Source:

Columns 1 and 2, 1966-1968: Computed from Anuario Estadistica del Comercio Exterior de los Estados.
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TABLE A-4.

Value (CIF) of insecticides, herbicides and fungicides
imported from the U.S. in pesos, 1960-1978.
Ins ecticides

Herbicides

Fungicides

Year

(1)

(2)

(3)

1960

59622936

-

-

1961

61557091

1962

103208237

-

-

1963

66560054

-

-

1964

108230754

-

-

1965

44503859

1708126

-

1966

39011026

1908127

1998808

1967

26653176

3168588

1243742

1968

16606248

8829419

1109410

1969

28554173

735465

1753218

1970

9598861

5183039

1862787

1971

9812526

11585851

1091348

1972

20705222

5589621

10440457

1973

43097212

2685595

11910849

1974

47105319

6897028

6423487

1975

50778046

10817076

16438434

1976

53087091

5028356

10451209

1977

118253564

17862495

23021246

1978

75330400

18164807

7478584

Source:

2 and 3, 1960-1978: Computed from Anuario Estadistica del Comercio Exterior de los Estados.
Colunrns 1,
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TABLE A-S.

Total domestic production of insecticides and herbicides
in Mexico in kilograms, 1960-1978.

Year

Insecticides

Herbicides

(1)

(2)

1960

8100000

1961

8867000

1962

8318000

1963

9999000

1964

9690000

250000

1965

11722000

300000

1966

10300000

400000

1967

9343000

500000

1968

8960000

542000

1969

8929000

804000

1970

10147000

874000

1971

13721000

889000

1972

15026000

948000

1973

19555000

1335000

1974

10974000

1190000

1975

10770000

1443000

1976

11634000

1126000

1977

13439000

760000

1978

12890000

1234000

Source:

Column 1, 1969-1978: Anuario de la Industria Quimia
Mexicana Asociacion, Nacional de la Industria Quimia,
A.C.

Column 2, 1964-1970: Personal interview with Ing.
Salamon Bendesky Polaquimia, S.A.

Industria Quimica Mexicana.
Column 2, 1970-1978:
Asociacion Nacional de la Industria Quilnica, A.C.
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TABLE A-6.

Daily average minimum wages in rural
area, in pesos.
Wage rate

Year

(pesos)

1963

10.92

1964

14.78

1965

14.78

1966

17.42

1967

17.42

1968

20.12

1969

20.12

1970

23.48

1971

23.48

1972

27.73

1973

32.73

1974

37.79

1975

46.10

1976

63.05

1977

76.48

1978

88.50

Source:

La Economia Mexicana en Cifras.
Nacional Financiera, S.A. Mexico
d.f., 1981.
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TABLE A-7.

Year

Population in Mexico.

Population
(thousands)

1963

38,709

1964

40,034

1965

41,405

1966

42,822

1967

44,289

1968

45,805

1969

47,374

1970

48,996

1971

50,596

1972

52,249

1973

53,955

1974

55,717

1975

57,537

1976

59,416

1977

61,357

1978

63,361

Source:

La Economia Mexicana en Cifras.
Nacional Financiera, S.A. Mexico,
d.f., 1981.
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TABLE A-8.

Agricultural products price index.

Agricultural price
index

Year
1963

100

1964

108

1965

109

1966

112

1967

118

1968

121

1969

124

1970

134

1971

136

1972

138

1973

177

1974

215

1975

257

1976

352

1977

418

Source:

FAO Production Year Book, various
years.
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TABLE A-9.

Volume and value of cotton exports.

Year

Volume
metric tons

Value
$1,000

1959

405490

152790

1960

316300

119460

1961

305170

115620

1962

425170

160850

1963

370080

139590

1964

322030

121250

1965

409020

153650

1966

429460

160550

1967

270530

101772

1968

315880

119854

1969

370221

140018

1970

213776

81849

1971

166136

117610

1972

203989

147921

1973

178635

165954

1974

166465

181852

1975

156851

173182

1976

142629

140000

1977

131148

140000

1978

200448

308549

source:

FAO Trade Year Book, various years.
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APPENDIX B

Results with Using Data from U.S. Sources
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In accordance with the discussion in the section on data,
equations were also estimated using data reported in U.S. sources.
The results of the relevant equations for different groups of pesticides are reported here.

Insecticides

Equations (5.10) and (5.11) have been re-estimated using U.S.
data.

The resulting equations are:

log PES = 6.77045 - .555559 log INP + .522890 log IMPS +
1
(4.40230)***
(.945430)*
.303396 log COP
(.945430)

R

-1

- .232728 log EXC + .382618 T
(2.79325)***
.531888)
_

= .62

(6.1)

F = 4.32***

N = 19
D-W = 2.49

log PES = 6.22103 - .537108 log INPC + .509268 log INPS 1
(4.50388)***
(_1.8l843)**
.542569 log EXC + .318483 log T
(_l.51725)*
(2.97773)***

R2 = .62

F = 5.67***
N = 19

D-W = 2.48

(6.2)
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PES2 = U.S. total export of herbicides to Mexico (tons)

where:

HEP = average import price of herbicides (dollars per tons)

FEP = unit price of fertilizT (dollars per tons)
W = daily average minimum waage rate in rural area in
Mexico (dollars)

PCI = real per capita income
EXC = exchange rate (pesos perr dollars)
T = time

In equation (6.3) all estimated coeffic:ients have expected sign.
Comparing equation (6.3) with equation 15.12) shows that we get

better fit using Mexican data.

In equat:ion (6.2)

R2

and f statistics

are much higher and also t-values are hugher for all variables. For
equation (6.1) the Durbin-Watson test fcjr autocorrelation indicates

the absence of autocorrelation at the ome percent significance level.
Fungicides

Equation (5.20) has been re-estiirited using U.S. data.

Equa-

tion (6.4) shows the result:
PES

= 1051.46 - .0540975 FliP + 4.29l65 IMPF + .128866 FER +
(0.482470)

(. 86769)

(.433160)

37.3697 W - 11003.8 EXP
(_2.58366)**
(.254792)

= .83
F = 13.64***

N = 19
D-W = 2.46

(6.4)
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where:

PES3 = U.S. total export of fungicides to Mexico (tons)
FUP = average import price of fungicides (dollars per tons)
IMPF = Mexico's total import of fungicides from countries
other than U.S.
FER = reserved in gold, silver and foreign exchange in
Bank of Mexico (million dollars)
W = daily average minimum wage rate in rural area in
Mexico (dollars)
EXC = exchange rate (pesos per dollars)

In equation (6.4) all the estimated coefficients have appropriate
sign except estimated coefficient for IMPF and W.

The estimated

positive sign for variable W might be the consequence of highly
intercorrelation between variable PUP and W as can be seen by correlation coefficient,

TWFUP = .90
The reason for having positive sigi for IMPF is the same as previously explained.

Comparing equation (6.5) with equation (5.20) shows

that equation (6.5) is slightly better in terms of R2.
tics is higher in equation (6.5).

Also F statis-

However, t-values for all variables

are higher in equation (5.20).

Equation (6.5) shows the new estimated equation after dropping
the variable FUP from the model (PUP as a highly intercorrelated
variable with W has been dropped from the model).
PES3 = 995.146 + 4.54615 IMVF + .169242 FER - 20.616 W (2.09083)**
(.609756)
(- .252255)
10715.8 EXC
(_2.61375)**
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(6.5)

R2 = .83

F = 17.98

N = 19
D-W = 2.35

After dropping FliP variable W got expected sign.

Also, equation

(6.4) re-estimated afterdropping variable W from the model, the
new estimated equations are reported below:

PES3 = 1049.41 - .0306869 FUP + 4.40189 IMPF + .174281 FER (2.01915)**
(.757409)
(-.494290)
11161.9 EXC
(-2. 74216)***

R2 = .83

(6.6)

F = 18.26
N = 19
D-W = 2.40

Durbin-Watson test for equation (6.4) lies in the inconclusive
range;

equations (6.5) and (6.6) indicate the absence of autocorre-

lation at the one percent significance level.

