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EXECUTIVE SUMMARY

Economi¢ Impact From Screwworm Eradication In Mexico

The Screwworm, Cochliomyia hominivorax, is a flesh-feeding

parasite that attacks warm blooded animals including humans. This pest
has caused livestock producers to sustain monetary losses as a result
of animal mortalities, decreased weight gains, and additional labor
costs, additional veterinarian services, additional expense for
medicine and insecticides. A strategy has been developed for
eradicating the screwworm by releasing sufficient sterile screwworm
flies to mate with the wild fly population. Screwworms have now been
eradicated from all of North America except the Yucatan Peninsula. The
purpose of this study was to quantify benefits of screwworm eradication
in Mexico.

Two questionnaires were developed to obtain information about the
impact of the Screwworm on livestock producers in Mexico. One was
administered in the part of the country where the pest had been
eradicated. The other was administered in the infested Yucatan
Peninsula. Both survey instruments were designed to obtain information
on the impact of the screwworm on producers’ variable costs and
production. Sections on cattle, swine, sheep, goats, horses, and work
animals were included in both questionnaires, There were 2004

questionnaires received from the area of Mexico from which screwworms



had been eradicated and 77 from the Yucatan Peninsula.

The impact of the screwworm was estimated on a per head basis.
These per head estimates were expanded to the total inventories of the
various livestock categories in Mexico to obtain estimates of total
benefits., The largest components of reduction in producers' variable
cost attributed to the screwworm eradication were reductions in labor
needed and in days necessary to produce an animal for sale. All
estimates of benefits were made with and without the reduction in labor
since Mexico has surplus labor, On a per head basis swine producers
experienced the greatést benefit from screwworm eradication. Larger
cattle numbers, however, made cow-calf owners the largest total
benefactors from Mexico's eradication program.

The government costs of the program were available from the
Mexican-American Screwworm Commission. Both costs and benefits were
discounted to their 1984 values at discount rates of 3%, 6%, and
8.625% Total benefits were calculated with and without the reduction
in labor needed by producers which was attributed to Screwworm
eradication.

Twelve benefit-cost ratios were estimated given alternative
scenarios. The ratios ranged from 2 to 4,5. This indicates that the

eradication program in Mexico provided cost effective savings to the

country,
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CHAPTER I
INTRODUCTION

The screwworm, Cochliomyia hominivorax, is a flesh-feeding

parasite that attacks warm blooded animals including humans, It was
once found throughout the Americas. In the 1950's a strategy was
developed for eradicating the screwworm by releasing sufficient sterile
adult screwworm flies to mate with the wild fly population,

Eradication of the pest began in the Southeastern United States in 1957
and in the Southwestern United States in 1962, Presently the parasite
has also been eliminated from Puerto Rico, the Virgin Islands, the
continental United States, and all of Mexico except the Yucatan
Peninsula. Central America remains an infested area (Rawlins et al,
1983}.

This pest has caused livestock producers to sustain monetary
losses as a result of animal mortalities, decreased weight gains,
additional labor costs, additional veterinarian services, medicine, and
insecticides, and damaged hides. Losses incurred by the livestock
industry have had a multiplier effect that has damaged the economies of
areas where C. hominivorax has been found (Davis and Prater, 1973).

The benefits from the eradication effort that have accrued to

The style and format of this manuscript are consistent with
that of the American Journal of Agricultural Economics.




livestock producers had not been carefully quantified before this
study. However, the proposal to extend the campaign into the Yucatan
Peninsula and Central America made it important to estimate the
economic effects of the program on Mexico (APHIS, 1985), Future
eradication campaigns would demand a substantial contribution of
resources from all of the countries involved. Economic justification
is needed before those resources are committed. Quantification of the
screwworm eradication campaign’s economic effects on Mexico would give
an idea of the economic effects other areas might experience if they

undertake screwworm eradication campaigns.
Objectives of the Study

Following are the specific objectives of this study. They
address the economic impacts of the eradication program in Mexico and
of extending the campaign to the Darian Gap in Panama.
1. To quantify mortalities, weight loss, and other related physical
effects of the screwworm on Tivestock,
2. To estimate the economic implications of screwworm eradication by
major livestock category in Mexico.
a. Develop estimates on an average annual basis for cattle, sheep,
goats, swine, horses, and work animals.
b. Calculate the present value of the stream of estimated annual

benefits and costs into perpetuity.



3. To estimate the expected benefits for each additional region where
the screwworm might be eradicated.
a. Estimate the benefits on an average annual basis.
b. Estimate the present value of the stream of annual benefits
into perpetuity.
4. To estimate benefit-cost ratios for the Mexican eradication effort
and the potential benefits of extending the eradication campaign

southward,
Review of Previous Studies

There have been four previous studies estimating to some extent the
impact of the screwworm eradication program. The first of these
studies was done in 1973 by the Texas Agricultural Extension Service
(Davis and Prater, 1973)., This study estimated that Iivestock. -
mortality caused by the screwworm cost producers $121.7 million in
1973 and had a muitiplier effect of 3.5. According to the study, the
reduction in the 'red meat' supply caused by screwworms cost consumers
$146.4 million in 1973 and also had a multiplier effect of 3.5.

A second study was conducted by the Oklahoma State Department of
Agriculture in 1974 (Goodwin, 1974)., This study, utilizing the consumer
surplus methodology, estimated that the screwworm eradication program
resulted in a total savings of $1 billion to consumers in 1972,
Consumers benefited from an additional 1.8 pounds of beef per capita

that year as a result of the program. A benefit-cost ratio of 113:1



was estimated by the Oklahoma study.

The Texas Agricultural Extension Service and the Southwest
Screwworm Eradication Laboratory conducted a livestock producer survey
in 1977 to estimate losses of livestock caused by the 1976 screwworm
outbreak in Texas (Cocke, 1981), This study estimated a loss of
Tivestock production valued from $113.7 to $150.5 million in 1976.
Considering the economic multiplier effect, the Texas economy suffered
Tosses of $283 to $375 million during that year as a result of the
screwworm, The study also estimated that from 1962 through 1976 the
benefit of the eradication program to 1ivestock producers was more than
$1 billion,

The Tast study concerning the economic impact of the screwworm
eradication program was completed by the Institutc Interamericano de
Ciencias Agricolas in 1982 (IICA, 1982). That study-evaluated the
economic implications of extending the screwworm eradication program
into Central America as far south as Panama. The study estimated it
would cost $300 mitliion to extend the fly barrier to the Darian Gap
over a 6 year period. This study used judgement estimates of the
effects of screwworm infestation such as increased mortality rates,
weight loss, and increased insecticide cost per head. Using these
judgement estimates an average loss per animal in Mexico was calculated
and extended to Central America and Panama. Equivalent present value
and benefit-cost ratios were projected for an extended program.

Results from all of the studies indicated the exceptional success



and benefits attributable to the Screwworm Eradication Program,
Unfortunately, all of the studies had limited resources and depended
primarily on secondary data which limited the studies' value to
decision makers.

The following chapter reviews the history of the screwworm
eradication program in North America. Economic theory which was used
in the analysis of the screwworm eradication effort in Mexico is
presented in Chapter III. The fourth chaptér details the procedures
used in this study. Chapter V presents the physical effects of
screwwaorm eradication as estimated in this study., The estimated
economic impacts of screwworm eradication are presented in Chapter VI,
A summary of the entire study is given in the seventh chapter along

with a discussion of the limitations of this study.



CHAPTER 11

A HISTORY OF THE ERADICATION PROGRAM

Several innovations and discoveries have made the eradication of

Cochliomyia hominivorax possible. ETimination of such a widespread pest

has involved not only the adoption of those innovations by individuals,
but also their adoption by governments. International cooperation has
been necessary and will be increasingly vital if eradication is to

spread throughout the Americas.
Research in Screwworm Control

Early research into innovations that might help control the
screwworm was hampered by lack of knowledge about the pest's taxonomy.
At the start of the twentieth century the livestock industry in the
southwestern United States was being heavily impacted by screwworms,
Producers asked the U,S. Department of Agricuiture for assistance. In
1913 the Department of Agriculture sent a team to the Southwest to
carry out a study of the screwworm problem and make recommendations.
ATthough state agricultural experiment stations had issued publications
concerning the prablem before, this was the beginning of the U.S.
Department of Agriculture's active participation in screwworm control.
The research team recommended several management practices which
{ncluded the following: burning all carcasses, using meatbaited fly

traps, not castrating or dehorning animals during times when there was



high screwworm activity, and using benzol to kill larvae in wounds. In
several ways these recommendations were not compatible with the
cattlemen's accustomed practices. Burning carcasses was labor
intensive and could cause range fires. The fly traps were hard to
maintain. Thase control practices were later proven unreliable.

County agents of the Texas Agricultural Extension Service became
involved in trying to disseminate the innovations proposed by the
Department of Agriculture team. The tounty agent from Menard County,
Mr. Walker Nesbet, was able to convince many ranchers in his area to
implement the team's suggestions. In 1929 the U.S. .Department of
Agriculture's former Bureau of Entomology and Plant Quarantine
established a research station at Menard in an attempt to facilitate
the program. The Department of Agriculture provided funds for
extending the fly trapping program to an area of over 70 square miles.
After the trapping program had been in progress for almost three years,
a survey determined that it was ineffective in reducing screwworm
populations in the surrounding areas. This failure of fly trapping to
produce results did not cause producers to lose confidence in
government efforts to control the screwworm.

Another innovation produced at the new station, Smear 62, was
widely accepted. This was a compound for killing larvae and repelling
flies. Several hundred gallons of this preparation were given to
ranchers in Arizona and Texas for their evaluation. It was soon being

produced commercially. The relative advantage of this compound over o0id



treatments caused it to be accepted without an extensive promotional
campaign, It seemed for a while that this new preparation might be the
key to screwworm control. One unforeseen problem with application of
this new technology was that there were not enough experienced cowboys
to apply it.

One employee of the Menard station, Emory C. Cushing, upon
realizing that fly traﬁs were not the answer to screwworm control,
decided that some important piece of information about the pest's
biology was missing. He decided to pursue graduate studies at the
University of Liverpool's School of Tropical Medicine in England.
Until that time it had been assumed that all the larvae Enfest1ng

cattle were Cochliomyia macellaria, or common blawflies. Mr, Cushing

established however, that there was a distinct species which he called

Cochliomyia americana. Specialists later changed the name to

Cochliomyia hominivorax. C. hominivorax, the true screwworm, infests

only live tissue. As wounds enlarged by screwworms become infected and
the surrounding tissues begin to decay, common blowflies are attracted
and lay their eggs. It was later determined that the true screwworm was
relatively few in number compared to the common blowfly. This discovery
by Emory Cushing gave later researchers the background needed to
develop methods which would make possible the eradication of the
screwworm,

In the early 1930's, the Southwest was in the midst of the
depression and the dustbowl. Cattle were shipped to the Southeast so



that they could utilize the forage in that area, These cattle carried
the screwworm with them. Producers in the Southeast were unaccustomed
to dealing with the screwworm and infestations in that area soon
increased to epidemic proportions.

The U.S. Department of Agriculture reacted by establishing
another experiment station for screwworm research in Valdosta, Georgia
and participating in an extension campaign in the Southeast. This
educational campaign promoted management practices that had been
developed in the Southwest. The extension effort worked. The incidence
of infestation was reduced dramatically in a few years. Although more
of the United States' livestock producers were now affected by C.
hominivorax, one benefit did come from the extension of this parasite's
range to the Southeast. The Department of Agriculture, in part due to
the attention received by the spread of infestation, increased the
amount of research being done on screwworm control (Scruggs, 1975).

E. F. Knipling, working at the Menard station in the years
immediately prior to World War II, developed the new ideas which would
make it possible to eradicate the screwworm. He had observed that the
female of that species mated only once. This observation made him
realize that the naturally small native screwworm population might be
overwhelmed by laboratory produced sterile males, Knipling's theory
was met with skepticism by other entomologists. World War II stopped
work on his ideas. Although war and unrest can halt development and

diffusion of science, the research into atomic power conducted during



World War II would Tater prove useful fo the entomologists researching
ways to eradicate the screwworm.

After the war, a new research facility was established at
Kerrville, Texas. R. C. Bushland started to work on the sterile fly
theory. His experiments with chemical sterilants failed. In 1950
Bushland became aware of the work of Dr. H. J. Muller on the use of x-
rays to produce sterility in fruit flies. Even though work was slowed
by a lack of funds, Bushland had established by 1953 that radfation

could be used to produce sterile screwworm flies (Scruggs, 1975).
The Diffusion of the Screwworm Eradication Program

Laboratory tests had suggested that screwworm eradication was
possible. Proof was now needed before these ideas could be
disseminated. The U.S. Department of Agriculture first attempted
screwworm eradication on Sanibel Island, which is west of Forf Myers,
Florida. Releasing sterile flies on that fsland reduced, but did not
eliminate, the native population of € hominivorax. The U.S. Department
of Agriculture scientists theorized that the failure to remove L.
hominivorax completely from Sanibel Is1anq was due to the migration of
flies from nearby Florida. The results of the Sanibel test were
inconclusive, Scientists felt that more proof of the feasibility of
eradication was needed before they could try to start an eradication
program., Another test was conducted on the Island of Curacac, 40 miles

north of Venezuela, in the summer of 1954, The screwworm was

10
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completely eliminated from that island.

The U.S. Department of Agriculture's Agricultural ﬁesearch Service
had decided that its Animal Disease Eradication Division (later called
the Animal Health Division} would be responsible for any large scale
eradication effort. Florida producer groups such as the Florida
Cattlemen's Association had heard of the research in screwworm
eradication. They now began to pressure the U.S. government to start
an eradication program in the Southeastern United Statés. Producers
and producer groups were to play a vital role in the U.S. eradication
effort from that time. Dissemination of the eradication program in the
U.S. was greatly facililtated by livestock producers' desire to rid
themselves of a costly pest.

Lack of funds slowed the implementation of the program in Florida.
The U.S. Department of Agriculture wanted the state to match the funds
that were to be provided by the Federal governmedt. Intense Tobbying
efforts by livestock producers convinced the Florida legislature to
appropriate the needed funds. The legislature also implemented a tax
on livestock sold at auction markets. The money collected was to be
used for the eradication effort. With this beginning, U.S. producers
would provide millions of dollars for the eradication effort over the
next several years.

By 1959 the eradication program had been imp]ementéd in all of the
Southeast., The first barrier, or demarcation 1ine between infested and

uninfested areas, was established along the Mississippi River.



Producers in the Southwestern United States began to wonder if
eradication might not be feasible in their area of the country. Lyndon
Baines Johnson, at that time majority leader of the U.S. Senate, also
became interested in the eradication effort. He pushed the WS.
Department of Agriculture to determine whether or not the sterile fly
method would work in Texas and the rest of the Southwest. The method
had proven successful in the Southeast but the Southwest presented new
problems. The land area was larger and cattle coming from Mexico might
cause reinfestation.

Senator Johnson conferred with U.5. President Eisenhower and
Mexican President Lopez Mateo about extending the eradication program.
There was now a possibility of implementing the U.S, Department of
Agriculture scientists' discoveries internationally, The Republican
administration of President Eisenhower, however, was emphasizing fiscal
restraint, Very intense political pressure from ranchers and livestock
organizations was to prove necessary before eradication was attempted
in the Southwest.

Congress indicated that producers would have to provide half of
the funds if a2 program were to be started. A non-profit organizatijon,
called the Southwest Animal Health Research Foundation (SWAHRF), was
formed to collect funds. In contrast to the Florida campaign, funds
were to be collected directly from producers. The first chairman of

the foundation was Charles 6. Scruggs editor of Progressive Farmer

magazine (Scruggs, 1975).

12
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SWAHRF, the newly formed foundation, decided that the fund raising
effort should mostly be conducted on a county basis. County agents and
vocational agricultural teachers sought out influential Tivestock
producers and formed county screwworm committees. The county
committees conducted county wide meetings of Tivestock producers. A
1ist of all producers in each county was compiled and people were
assigned to visit each producer. In this way almost averyone who would
benefit from the era&ication effort could be asked to contribute. The
effort to involve those who would bepefit from the program was
successful. SWAHRF was able to collect 3 million dollars from
livestock producers.

As eradication proceeded in the Southwest, a new barrier zone was
formed along the border between Mexico and the U.S. By 1966 the
Southwest was virtually free of screwworms. The new barrier, however,
was very expensive to maintain. There was a continual threat of
reinfestation from livestock brought in from Mexico. Those working in
the eradication program realized that eliminating screwworms from that
neighboring country would give the U.S. a larger margin of safety.

They also felt that the U.S. should pay for 72 percent of the program
since Mexico had 1imited funds and the U.S. would benefit greatly from
a Mexican eradication effort. This funding plan encountered opposition
in the U.S. Senate. That opposition was to halt continuation of the
program in Mexico until 1972, During that year money was appropriated

to initiate the Mexican program. A joint Mexican-United States



Screwworm Eradication Commission was formed., Screwworms have now been
eliminated in Mexico as far south as the Isthmus of Tehuantepec.
Figure 1 shows how the eradication effort has moved the critical line

south through North America.
The Permanence of Screwworm Control

As 1qng as the screwworm exists in the Western Hemisphere there
will be a danger of reinfestation in areas where the sterile male
technique has been used. Twenty-two years after they had been
eliminated from the island of Curacao, screwworms reappeared, It was
suspected that cattle imported from Colombia might have been infested.
The inhabitants of the island had largely forgotten how to deal with
the parasite. There was an atmoéphere of hysteria. It was necessary
to mount a program to reeducate the people of Curacao about managing
the pest (Tannahill and Snow)., What happened in Curacao could happen
in any region which has had an eradication campaign. Eradication can

never be called truly permanent until Cochliomyia hominivorax has

vanished completely from the Americas.
The Possibility of the Eradication Program Being Expanded

Twenty=-six years have passed since it was demonstrated that
screwworm eradication is feasible in a large land mass. Even though
Mexico and the United States have been largely cleared of the pest, it

is still encountered in many regions of the Americas. It is found in
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South America as far south as Southern Brazil and Northern Chile. C.
hominivorax is endemic in Central America and parts of the Caribbean.
The next area to which the institutions and people dedicated to
screwworm eradication might turn their attention is the total
elimination of the parasite from the Americas. A program has been
proposed for Central America. Resgarchers have also theorized that the
sterile fly method would work well on the islands of Trinidad and
Tobago and in at least parts of Surinam and Guyana (Rawlins and Others,
1983}, A high degree of international cooperation would be necessary if
those proposed programs were to be successful. If C. hominivorax were
to be eliminated from Jamaica, for example, that country might face a
continual threat of reinfestation from the eastern tip of Cuba (Rawlins
and Sang, 1984).

Strong economic justification would be necessary before a group of
countries undertake a project as demanding as screwworm eradication.
Governments or individuals would have to commit substantial resources.
A study such as this can provide decision makers with results that will
help them decide whether or not to provide the resources needed for

screwworm eradication.



CHAPTER III
THEORETICAL CONCEPTS

The theoretical concepts of producers' and consumers' surplus
offer an approach to evaluating the economic impact of a change in
technology. The eradication of the screwworm in Mexico is an example
of a change in technology which is thought to cause increased livestock
production in that country and a reduction in producers’ unit costs.
Those changes have effects on the welfare of producers and consumers.
The economic concepts of producers' and consumers' surplus will be used

to estimate the economic impacts of the screwworm eradication program.
Supply and Demand

A supply curve is a schedule of the different quantities of a good
that producers are willing to place on the market as the good's price
varfes. This curve is usuaily positively sloped indicating that as the
market price rises, producers will supply more of the good. Assuming
that producers are profit maximizers they will continue to increase
production until their marginal cost, the cost to them of increasing
output one unit, is equal to their marginal revenue, the revenue which
they can obtain by selling one more unit. A producer's supply curve is
the same as hig marginal cost curve over the part of the range of the
marginal cost curve where marginal cost is above average variable cost.

A demand curve is a schedule of the quantity of a good that

17
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consumers are willing to take from the market at aiternative prices.
The slope of a demand curve is normally negative. This indicates that
as & good's price rises, consumers will take less of that good.

When the demand and supply curves of a good are expressed as
graphs and plotted together they have a single point of intersection.
That point is where the demand for the good and the suppliy of the good
are equal. In a competitive market the intersection of the two curves
identifies the market price of the commodity and how much of the
commodity will be produced and sold. The price and gquantity identified
by the two curves' intersection are known as the equilibrium price and
quantity, Figure 2 illustrates the supply and demand curves of a good.
The line Tabeled S is the supply curve and the one labeled D is the
demand curve. Equilibrium price and quantity are labeled respectively
as p* and g*. A thorough discussion of the concepts of supply and

demand is found in Browning.
Consumers' and Producers' Surplus

The demand curve illustrates that the consumer is willing to pay
progressively less for each additional unit of a good that he
purchases, A consumer's willingness to pay is the price that he will
pay for any given additional unit of a good. This is a measure of the
marginal value or marginal benefit of that unit to the consumer.

. Intersection of the supply and demand curves, however, determines

the price per unit of the good. For each unit purchased, the
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Figure 2. The supply and demand curves of a good

difference between the consumer's willingness to pay, which is
illustrated by the demand curve, and the actual price of the gocd is
the net benefit or surplus received by the consumer. The sum of the
net benefits for each of the units bough;c is defined as consumers'
surplus. Consumers' surplus is illustrated graphically as the area
between the demand curve and the market price line, In Figure 3 the
supply and demand curves from Figure 2 have been reproduced. In this
graph the dot shaded triamgular area, abp*, is consumers' surplus.
The supply curve shows that producers increase output of a good in
response to an increasing price for that good. This is due to the
positive relationship between costs of production and the level of

production. The price associated with each sequential unit of output
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Figure 3. Producers' and consumers® surplus

on the supply curve is the price at which the preducer would be willing
to produce that next single unit of output. The price which will be
obtained for all the units produced, however, is determined by the
intersection of the demand and supply curves. Producers' surplus is
the difference between the market price of a unit and the price at
which the producsr would have been willing to produce that unit (e.q.
the supply curve). This return above the variable cost of production
is also called econemic rent. The sum of the returns above variable
cost from all the units produced is the total producers' surplus.
Producers' surplus is represented graphically in Figure 3 as the area

between cbp* the supply curve and the price line. Just, Hueth, and
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Schmitz give a detailed discussion of producers' and consumers'

surplus.,
Measuring the Social Benefits of Public Programs

A public program such as screwworm eradication can be expected to
cause an increase in the supply of livestock. Graphically this increase
would be represented as a rightward movement of the supply curve. A
shift in supply causes a change in total-consumers' surplus, total
producers' surplus, and the distribution between the two. A
hypothetical increase in supply is illustrated in Figure 4, In this
figure S1 is the original supply curve for livestock and Sz s the new
supply curve after eradication of the screwworm, Although Sy has been
depicted as parallel to S1» the exact nature of the shift in supply
caused by the eradication program is not known,

An ideal economic evaluation of a program that causes a supply
shift would measure the changes in consumers' and producers' surplus
separately to identify benefits and costs by group. Producers' and
consumers’ surplus are the net benefits of each group and are thus
appropriate for use in constructing‘a benefit-cost ratio. In Figure 4
the increase in supply causes the price to drop from pl to p2. The
quantity supplied by producers has risen from gl to q2. Consumers’
surplus increases by the area placpZ in response to the increased
supply and Tower price. Due to the decrease in price, producers

experience a decrease in their surplus of area plabp2, The increase in
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Figure 4. An increase in supply and its effect on surpluses

quantity produced increases producer's surplus by the area bcod so the
net change in producers' surplus is bcod minus plabp2.

Up to this point the discussion of consumers' and producers'
surplus has been based on a freely operating market where prices are
allowed to fluctuate without constraints. In Mexico, prices for many
types of basic commodities are regulated by the government. When price
controls are in effect, market data from which demand curves can be
derived is not available. Without knowledge of the demand curve,
consumer surplus cannot be calculated. Thus conditions dictate that
the impact of the screwworm eradication program in Mexico be gauged in
terms of preducers' surpius. The effect on consumers' surplus can be

hypothesized but not evaluated quantitatively.
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Figure 5 shows a producer's marginal cost curve, MC, and average
variable cost curve, AVC. In this graph it has been assumed that the
producer faces a goverément established price, pg. The price line in
this case also represents the producer’s marginal revenue for each unit
sold. Assuming that the producer is a profit maximizer the amount he
will produce is determined by the intersection of the marginal cost
curve and the price line. Marginal cost will be equal to marginal
revenue at the point of intersection of the marginal cost and marginal
revenue curves, In Figure 5 the profit maximizing level of output is
quantity q.

Producers' surplus can be thought of as the difference in total
revenue and total variable costs. The total variable costs of
production can be arrived at by multiplying the producer’'s average
variable cost per unit by the quantity of units produced. Using this
method in Figure 5 total variable costs are ¢bgo and total revenue is
pgago. The area pgabc, the difference between total variable costs and
total revenue, is producers’ surplus. This area will be the same as
pgac. In the following discussion producers' surplus is illustrated as

the difference in total revenue and total variable costs or pgabc.
Economic Evaluation of the Eradication of the Screwworm in Mexico

It is hypothesized that the major effects of screwworm eradication
in Mexico include a lowering of producers' production costs and an

increase in livestock output. Decreased expenses for medicine, labor,
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Figure 5. Producers' surplus and the variable cost curve

veterinarian services, and other variable costs are expected to cause a
decline in production costs. Reduced weight loss and death loss would
cause an increase in production.

In Figure 6 producers' average cost and marginal cost curves
before eradication are labeled MCl and AVCl, respectively. The
hypothesized shift in producers' costs due to screwworm eradication is
illustrated in the graph by the post screwworm cost curves MC2 and
AVC2, Producers' surplus, originally pgadc using the before
eradication average variable cost curve, becomes pgbhf using the average
variable cost curve after eradication. Thus in this hypothetical
situation screwworm eradication increased producers' surplus by the

area abhfcd,
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Figure 6. The econamic impact of screwwomn eradication in Mexico

In Figure 6 the decline in the average variable cost of production
incurred by the producer is the change from ¢ to £, given no demand
shifts during the eradication peried. From a survey of Mexican
livestock producers, the reduction in average variable costs of
production is quantifiable, Therefore, this area of reduced average
costs, cehf, will be estimated in this study.

The estimated increase in total revenues in this diagram is the
rectangle abq2gl. That rectangle is the product of the extra gquantity
produced (that can be attributed to the eradication of the screwworm)
and the price, pg, received by the producer. Aan estimate can also be
made of this area by using secondary data and data chtained from

livestock producers. However, the area ghq2ql is not a valid part of
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producers’ surplus and thus overestimates net benefits. This area is
actually the increase in the producer's variable costs that results
from the additional production made possible by eradicating screwworms
from Mexico.

The two main effects of eradication measured via results of the
Tivestock survey overlap by the area dehg. This overlap ajong with the
invalid part of the increase in total revenue, ghq2ql, seriously
complicate an effort to completely measure producers' surplus,

However, methodology was developed for measuring producers' surplus
using the survey data and additional secondary data. This measurement
was made only for the cow-calf section of the study. The methodology
developed for measuring total producers' surplus is detailed in the
Procedures Section. For all other livestock categories, the increase
in producers' surplus measured in this study is the region cehf only.

In this study the effect of screwworm eradication on the variable
costs of Mexican 1ivestock producers was considered to be the major
economic impact of the eradication program. The reduction in price and
increase in supply of livestock products would be expected to
significantly increase consumers' surplus. This study did not
evaluate benefits to the consumer which resulted in a conservative
estimate of the economic impact of the screwworm eradication program in

Mexico.
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CHAPTER 1V
PROCEDURES

Estimating the economic impact of the eradication of the
screwworm in Mexico involved several steps. These included separating
the country into zones, designing survey instruments, drawing a
sample of livestock producers, training enumerators, surveying

selected producers and analyzing the data from the questionnaires.
Study Area Delineation

Mexico was divided into nine zones to facilitate this analysis.
This was accomplished with the close cooperation of Dr, James E. Novy,
head of the Mexican-American Screwworm Commission. Mexico's Federal
District and state of Tlaxcala were not included in any zone since they
have not been infested with screwworms in recent history. '

The division of Mexico into zones was accompliished by grouping
states from which the screwworm had been eradicated in the same year.
Screwworm eradication in Mexico started in the North and progressed
towards the South. The screwworm was eliminated from parts of Mexico
bordering the United States up to seven years before it was eliminated
in the Isthmus of Tehuantepec. Eight zones were formed from the area
of Mexico from which screwworms had been eradicated prior to the time
of this study. The three states in Mexico where screwworms were still

present when the study was conducted; Campeche, Yucatan, and Quintana
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Roo, were placed into a single separate zone.
Preparation of the Questionnaires

Two questionnaires were developed to provide base data for
estimating the economic impact of the screwworm on Mexican Livestock
producers, or alternatively, the henefits of eradication. In each of
the two survey instruments questions were included about ten Tivestock
categories; cow-calf, feeder cattle, feedlots, dairy cattle, swine,
sheep, goats, horses, poultry, and work animals. One of the
questionnaires was designed to he administered in the area of Mexico
from which screwworms had been eradicated (eradicated area), the other
was fo be administered in the zone where screwworms were still present
at the time of the study (infested area).

Both guestionnaires asked for information in two general
categories; the impacts of the screwworm on livestock production costs
and producers’ revenues. The expenses of producers in zones 1-8 for
labor, insecticides, medicines, feed, veterinarian services, and
equipment were expected to have been decreased by the elimination of
the s¢crewworm. Producers' revenues in those zones were expected to
have been augmented since the eradication campaign should have
decreased their death losses, increased their animals' birth rates, and

diminished loss of sale weight stemming from screwworm attack.l

1The theory chapter discusses conditions in Mexico that
influence the relationship between price received by livestock
producers and changing output levels



29

Producers in zone 9 were expected to still be experiencing extra costs
and revenue losses due to the presence of screwworms. In addition to
gathering data about effects of the screwworm both questionnaires
included questions about each livestock operation such as the number of
animals owned.

Although the same questionnaire was used in zones 1-8, producers
were asked to respond about production and cost effects of the
screwworm for a different year in each zone. The year to be responded
about in each zone was the last year when the screwworm had presented &
serious problem. Data about 1984 were collected with the zone 9, or
infested area, questionnaire. The states in each zone and the year
about which producers were asked to respond in that zone are shown in
Table 1.

Both ¢f the survey instruments were designed to be administered by
field employees of .the Mexican-American Screwworm Commission. Those
commission employees were experienced in working with livestock
producers in rural Mexico. Many of them had been stationed in the
areas where they conducted interviews., This facilitated
their effectiveness in locating the producers and completing the
survey.

The questionnaires were pretested several times in the United
States and in Mexico. Based on the pretests, modifications were
incorporated and the questionnaires finalized and printed. A copy of

the eradicated area questionnaire is included in Appendix A.
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Table 1. Division of Mexico Into Zones for Screwworm Eradication
Impact Study

Zone State Year?

1 Baja California Norte 1978
Sonora
Chihuahua

2 Baja California Sur 1977

3 Coahuila 1976
Nuevo Lean
Tamaulipas

4 Sinaloa 1979
Durango
Zacatecas
San Luis Potosi

5 Nayarit 1980
Jalisco
Aguas Calientes
Guanajuato
Hidalgo
Queretaro

6 Michoacan ’ 1981
Colima
Mexico
Morelos
Yeracruz
Puebla

7 Guerrero 1982

3 Tabasco 1983
Chiapas
Jaxaca

9 Campeche 1984
Yucatan
Quintana Roo

aThis 1s the last year screwworms were a probiem in a zone,
producers were asked about the impacts of the screwworm on their
1ivestock in this year.



31

Sample

Membership lists of the Mexican National Livestock Producers'
Confederation (CNG), which is headquartered in Mexico City, were usad
as the base for drawing the sample of producers to be surveyed. The
CNG's 1ists were the only extensive, centralized lists of Mexican
livestock producers available. The CNG is an umbrella organization for
regional unions which are located throughout the country. Each unijon
is made up of Tocal associations. The membership rolls of locai
associations are sent to the central CNG office in Mexico City where
they are grouped by state.

Before drawing the sample the percentage of the CNG's members that
were Tocated in each of the study zones was calculated. This required
that all of the association membership lists first be sorted by zone,
For purposes of drawing the samplie all the association lists from a
zone were considered to constitute one continuous list. Any 1ist that
did not include its members' addresses was not considered for use in
drawing the sample. The number of producers belonging to the
Confederation in each study zone was then tabulated. A total of
294,638 livestock producers were countad in the nine study zones. The
percentage of the CNG's membership found in each zone was calculated
by:

(1} %PROD;

PROD4 / 294,638 (1=1,..59)}
where:

%PROD;

percentage of CNG's producers in zone i



PROD; = number of CNG's producers in zone i
Dr. Rudolf Freund, a statistician at Texas A&M University,

indicated that approximately 500 Mexican 1ivestock owners would
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constitute an adequate sample size for the country of Mexico. However,

a target sample size of 2,500 was selected due to the anticipated
problem of inadequate addresses and difficult transportation in many
areas of rural Mexico making it difficult to contact many of the
producers on the Confederation's 1ists. To assure having sufficient
names to provide a sample of 2,500 producers, a total of 5,000 names
was drawn from the lists of members,

The number of names to be drawn from each study area zone was
calculated by:
(2) NAME; = %PROD; * 5,000  (i=1,..,9)
where:

NAME; = number of names to be drawn from zone i

To remove any drawing bias, a set number of producers' names was
skipped between names selected from each zone's 1ist. The interval

of producer names to be skipped was determined by:

(3) INTR = 294,638 / 5,000
-
where:
INTR = interval of names to be skipped when drawing names

The first name on each zone's list was drawn and then 294,638 / 5,000,
or 59, names were skipped before the next name was drawn,

The names and addresses picked in this manner were copied and
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later typed for distribution to the enumerators, Each enumerator was
given only the names of the producers selected from the area which he
was assigned to survey, Table 2 presents the number of producers from

each study area zone that were scheduled to be interviewed.

Table 2, Sample Size per Study Area Zone

Zone Number of Interviews
1 230
2 23
3 86
4 625
5 626
6 714
7 18
8 157
] 23
Total 2,500

The 1ist given to each enumerator contained twice as many names as
that individual was assigned to interview. To maintain unbiased
selection criteria, each of the enumerators was instructed to use the
odd numbered names on their Tist. If the person they were to interview
could not be located the interviewer was instructed to choose the even

numbered name immediately below the one originally chosen. In cases



where the second person chosen also could not be located, the
enumerator was told to use the even numbered name immediately above the
original name chosen. At any time when ten consecutive names could not
be located, the enumerators were instructed to contact the research

team at Texas A&M University for alternative instructions.
Enumerator Training

To minimize confusion and assure consistent data, a two day
training workshop was conducted in June 1985 at Veracruz, Mexico for
the Mexican-American Screwworm Commission employees who would be
conducting the personal enumeration of livestock producers in Mexico.
Agricultural Economists with extensive experience in survey based
research conducted the training. A major objective of that training
session was to educate the enumerators about the need to use a
scientific methodology and to be compietely impartial when conducting
the personal interviews with producers.

The purpose of each question and all the procedures to be used,
such as how to replace a person that could not be located, were
explained to the enumerators in detail during this seminar. They were
also given background information about the purpose of the study and
how the people they were to interview had been selected. On several
occasions during the seminar the enumerators participated in practice
sessions relating to completing questionnaires,

Each enumerator was given a copy of a manual that contained

34
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instructions and examples relative to completing the survey instrument.
It was designed to serve as a reference for the enumerators when they
were working in.the field. A copy of the enumerator’'s manual is

in¢luded in Appendix B.
Survey Process

In June 1985 interviews with the selected Mexican livestock
producers began. The personal interview phase was planned to be
completed by November, 1985. However an outhreak of screwworms in
northeast Mexico and an earthquake in Mexico City slowed the survay's
progress and lead to a shutoff date for enumeration of May 15, 1986.

Each week the enumerators reviewed each of the questionnaires they
had completed to assure that they were correctly completed, The
questionnaires were then sealed in a large envelope. The envelope was
signed, dated and given to the enumerator's supervisor. Thé superyisor
sent the questionnaires, still in their sealed envelopes, to a second
supervisor who Tived close to the Mexican-United States border. He
crossed the horder each week and sent all the questionnaires by bus to
Texas A&M University.

Upon arriving at A&M University each of the questionnaires was
checked for completeness and catalogued., Any questionnaires from which
data had been omitted were returned to the enumerators for complefion.
Each enumerator's performance was monitored continuously in order to

insure that each individual was correctly completing the survey
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instruments. When it was noted that an enumerator was having
difficulty, he or his supervisar was contacted by phone and given

instructions.
Site Visits

Two site visits were made to Mexico by the research team from
Texas A&M University. The first of those trips was to the state of
Sonora in the eradicated zone. The second was to the state of Campeche
in the infested region.

The purpose of those two visits was to meet with individual
Mexican cattlemen and local associations of the National Cattleman's
Confederation, That was accomplished by visits to representative
ranches and meetings with producer panels. Meeting with producer
panels enabled the researchers to contact a Targe number of livestock
producers representing all scales of livestock production.

A11 the Mexican livestock producers contacted were asked about
past and present impac¢ts of the s¢rewworm on their operations.
Researchers could then compare those responses to the data collected
from the questionnaires. This allowed the researchers to check for any

enumerator bias.
Analysis of the Data

Data recorded on the questionnaires were transferred to computer

tapes by employees of the Texas Agricultural Extension Service.
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Separate data sets were prepared for the eradicated and infested areas.

A1l data entered on the tapes were checked to insure that they had been
accurately copied from the questionnaires. These data provided the
basis for computer analysis of the expected economic impact of the
screwworm on Mexican Tivestock producers. Almost no data were
collected on the effects of the screwworm on poultry production.
Therefore only the other nine livestock categories were analyzed.

The impacts of the screwworm such as animal deaths and increased
costs were estimated separately for the eradicated and infested areas.
Estimation procedures for the impact of the screwworm in the two areas
differed only in the data sets used. The additional costs and reduced
production attributed to screwworm infestation in the eradicated area
of Mexico can be expected to have continued if the pest had not been
eliminated. Benefits from fhe eradication program gained by producers
in that area caﬁ thus be considered as the impacts they reported for
the last year that screwworms had effected their operations. Data from
the infested area detailed the 1984 increase in costs and decrease in
livestock production due to the screwworm. That data indicated what
the henefits to producers would be if the screwworm we?e eradicated
from the Yucatan Peninsula,

The procedures used to analyze the cow-calf data are presented
here. They were used as a modal for the other livestock categories and
are therefore representative of the methods used for analysis of all

Tivestock categories,
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Adjustment of Reported Screwworm Related Costs

Over the years about which producers in the eradicated area were
asked there was severe ‘inflation in Mexico. Monetary data reported on
the questionnaires had to be adjusted to a common base before being
analyzed. A1) peso values reported on the eradicated area
questionnaires were converted to their 1984 equivalents using price
indices available from the Department of Economic Research, Bank of
Mexico. These indices are presented in Table 3. Costs for medicines
and insecticides were adjusted using the chemical index. A1l othér
costs of production reported on the questionnaires were adjusted using
the agricultural index. This procedure accounted for the effect of
inflation and put all values for all years on a 1984 basis. However,
it did not account for the time value of money. No adjustment was
necessary for pego figures reported from the infested area since
producers in that area were responding to questions about 1984,

A1l peso figures from the eradicated area were converted to 1984
pesos using the following equation:

(3) VAL8A = VALYR; * (p1a4 / PIYRj) (j=1976,..,1983)
where:

VAL84 = value of reported figure in 1984 pesos

VALYRj = value reported in the guestionnaire for year j

P184

1984 price index value

PIYR; price index value for year j



Table 3. Price Indices Used to Adjust
Reported Peso Values to a 1984 Base

Year Zone Agricultural Index Chemical Index

1976 3 70.8 68.7
1977 2 85.7 88.6
1978 1 100.0. 100.0
1979 4 118.0 111.9
1980 5 151.7 139.1
1981 6 196.4 173.5
1982 7 164.8 270.4
1983 8 494.6 643.1
1984 812.1 1,109.4

Source: Department of Economic Research,
Bank of Mexico.

Estimating the Impact of the Screwworm

Estimation of the screwworm's impacts on a 1ivestock category was
done on the basis of one designated type of animal from that category.
Determination of the screwworm's impacts on a per animal basis was
necessitated by the number of years spanned by the survey and the
limited data for Mexican livestock inventories. The animal used as the
basis for calculation in a category will hereafter be called that
category's expansion animal, In each livestock category, except for the
work animals, stockers, and feeders, the axpansion animals were female

breading animals. The expansion animals selected for the work animals,
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stockers, and feeders were respectively, adult work animals, stocker
cattle and feeder cattle. The procedures used to estimate screwworm
impacts are presented for the cow-calf category only since the same

procedures were followed for all categories. All the impacts of the

screwworm were calculated on an annual basis.

Death Losses

The first step in estimating screwworm induced death losses in the

cow=-calf category was to quantify the total number of breeding cows
(TBC) owned by the producers that had been sampled. The numbers of
cows, calves, and buils killed by screwworms in Mexico on a per
expansion animal basis was then calculated by:

{5) BCK = TBCK / T8C

(6} CK =TCK / TBC

(7) BK =TBK / TBC

where:
BCK = breeding cows killed per breeding cow from survey
TBCK = total breeding cows killed by screwworms from survey
TBC = total number of breeding cows from survey
CK = calves killed by screwworms per breeding cow from survey
TCK = total calves killed by screwworms from survey
BK =Dbulls killed by screwworms per breeding cow from survey
TBK = total bulls killed by screwworms from survey
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Number of Calves Whose Development Was Affected by Screwworms

For estimating several of the effects of the screwworm it was
first necessary to determine the number of calves whose development was
affected by screwworms annually. To accomplish this sach surveyed
producer's annual calf crop was established by:

(8) CC =BC* CR

where:
CC = total annual calf crop per questionnaire
BC = number of breeding cows reported on the questionnaire
LR = ca1v1n§ rate reported on questionnaire

The number of calves by questionnaire that were infected by
SCrewworms was: '
{9}y IC =CC * IFR
where:

IC = total! number of calves infected by screwworms per
producer

IFR = infaestation rate reported by the producer

For those producers where some calves were reported killed by
screwworms, the total number of surviving calves whose development was
affected by the infestation was calculated by:
(10) CA =1IC - CKBS
where:

CA = number of calves per questionnaire whose development
was affected by screwwaorms

CKBS = number of calves per producer killed by screwworms
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In those observations where some calves were attacked by the screwworm
but none died as a result of those attacks, CA was considered to be
equal to IC. Any questionnaire that reported a number of calves killed
by screwworm greater than the total number of calves in the herd (CC)

was discarded.
Extra Production Days

The growth of calves infested with screwworms was often slowed.
Producers incurred extra cost due to the additional production days
that were necessary before their animals could be s¢ld. The number of
extra days of production time per producer caused by screwworm
infestation was determined by: |

(11) EXDAYS = CA * INC

where:
EXDAYS = extra days of production time per producer made necessary
by screwworm
INC = increase in production time per affected animal

The additional cost to each producer of the extra production time
was calculated by:
(12) COST = EXDAYS * PESOS
where:
| COST = cost for additional days of production time

PESQS = cost of maintaining a calf per day as
reported by the producer

This cost was extrapolated from the producer level to the



eradicated area of Mexico on a per expansion animal (breeding cow)
basis as follows:

(13) COSTHD = TCOST / TBC

where:

COSTHD = extra cost per breeding animal across Mexico
{eradicated area) in 1984 pesos of increased
production time made necessary by screwworm attack

TCOST = sum of costs to all éurveyed producers in Mexico

{eradicated area) in 1984 pesos of additional production
days made necessay by screwworm infestation in calves

Sale Weight Loss

Some calves lost weight as a result of screwworm attack. The
amount of sale weight loss caﬁsed by screwworm per surveyed producer
was calculated by:

(14) KCHANGE = CA * KILOS
where:

KCHANGE = total sale weight loss of calves in kilograms
per quastionnaire

KILOS = number of kilograms of sale weight lost by a calf
affected by screwworms as reported by the producer

As for increased production days due to screwworm, the amount of sale

weight lost per breeding cow over all of the eradicated area of Mexico

was estimated by:
(15) KLH = TKCHANGE / T3C
where:

KLH = kilograms of sale weight lost per breeding animal across
Mexico (eradicated area)
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TKCHANGE = sum of all kilograms of sale weight lost by the
producers surveyed in Mexico (eradicated area)

Additional VYariable Costs

Costs stemming from screwworm infestation for medicine,
insecticides, veterinarian services, confinement of animals, and
equipment were reported on the questionnaires as totals for the farm or
ranch. These were evaluated by dividing the total cost in 1984 Pesos
incurred over all the surveyed producers in the eradicated area of
Mexico by the total number of female breeding animals as shown below:
(16) MED = TOTMED / TBC
(17) INS = TOTINS / TBC
(18) VET =TOTVET / TBC
(19) CON = TQTCON / TBC
(20) EQU = TOTEQU / TBC

where:
MED = cost per breeding animal in Mexico for medicine
used to treat screwworm
TOTMED = sum of all costs incurred by surveyed producers

for medicine to treat screwworm

INS = cost per breeding animal in Mexico for insecticide
used to prevent screwworm

TOTINS

sum of all costs incurred by surveyed producers
for insecticides used to prevent screwworm

VET = cost per breeding animal in Mexico for payments to
veterinarians for treating animals infested by
screwworms
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TOTVET = sum of all cost incurred by surveyed producers for
payments to veterinarians for treating animals infested
by screwworms

CON = cost per breeding animal in Mexico of confining
cattle in order to prevent screwworm attack or
treat infested animals

TOTCON = sum of all costs incurred by surveyed producers for

confinement of cattle that had been attacked by
screwworms or were threatened by screwworm

EQU = cost per breeding animal in Mexico of additional
: equipment made necessary by the presence of
screwworms

TOTEQU

sum of all costs incurred by surveyed producers for
additional equipment made necessary by the presence

of screwworms
A1l of the above per expansion animal estimates of the impact of
the screwworm were later used for making more aggregated estimates of

the screwworm's impact.
Expansion Animal Inventories

To estimate the economic implications of the Mexican
eradication program and the expected benefits of a Central American
screwworm eradication campaign, expansion animal inventories were
required for both regions. For Mexico it was necessary to determine
the number of expansion animals per study zone in each of the livestock
categories incTuded in the study for the years 1976 through 1984.
Since yearly data published by the U.S. Foreign Agricultural Service
indicated that 1ivestock inventories had nﬁt fluctuated greatly in
Mexico from 1981 through 1984, the 1984 inventories were adopted for



46

those four years., Stable inventories from 1976 through 1980 suggested
that 1980 inventories were applicable for 1976 through 1980. Central

American expansion animal inventories were needed only for 1984,

Mexico

Secondary data collected in Mexico was not sufficiently detailed
to give all the needed data on expansion animal inveniories for the
years 1976 and 1984, A procedure using the available secondary data
and estimates by livestock specialists was developed to estimate the
annual inventories of expansion-animals by zone,

Statistics that were available about Mexican livestock numbers in
1984 are given in Taﬁ]e 4. Additional unpublished data from the United
States Foreign Agricultural Service that gave further information on
the composition of the 1984 cattle herd is given in Table &.

Inventory data reported in Table 5 included the numbers of 1984
expansion animals in the cow-calf and dairy categories and made
possible the estimation of the number of expansion animals in 1984 in
the stocker and feeder categories. After the beef cows, dairy cows,
and the calf crop reported in Table 5 were subtracted from the total
cattle reported for 1984 by the U.S. Foreign Agricultural Service,
12,991,000 head remained. Livestock specialists at Texas A&M
University estimated that a number of cows which was equal to 15
percent of the total beef and'dairy cows, or 1,935,400 cows, would be

used as heifer replacements in the dairy and beef herds. Those
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Table 4, Mexican Livestock Inventory Data

~ for 1984
Category 1000's of head of cattle
(1) cattle (33,917
(2) hogs 13,137
(3) sheep 6,400
(4) goats 10,380
(5) horses 5,640
(6) mules 3,619
{7) donkeys 2,818

source: Categories 1-2, Foreign Agricultural
Service, Foreign Agricultural Circulars,
1984, Categories 3-4, Food and Agricultu;?l
Organization of the United Nations, Monthly
Bulletin of Statistics, Feb. 1985,
Categories 5-7, FAU, FAQ Production
Yearbook, 1984.

Table 5. Partial Breakdown of 1984 Mexican Cattle
Herd as Given by FAS

Category 1000's of head of cattle
Dairy cows 1,783
Beef cows . 11,120
Calf crop 8,023

Source: Unpublished estimates, roreign

Agricultural Service, Mexico City
replacement heifers were also subtracted from the 12,991,000 head.
With approximately one bull for each 20 cows in the cow=-calf and dairy
herds, 645,150 bulls were also subtracted., The 10,410,400 head left
were divided evenly among stocker and feeder cattle giving 5,205,000
head in each of those categories.

The next step was to allocate the total expansion animals in the

four cattle categories into the study's survey zones, That allocation
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was done by using the survey data to estimate each Mexican state's
percentage of the total expansion animals in each cattle category, The

equation is as follows:

(21} %STpy = # STATEmK / TOTEXPp (k=1,.,30) (m=1,.,4)

where:
#3Thnk = percent of expansion animals of category m owned by
surveyed producers in state k
#STATEmk = number of expansion animals in cate%or{ m owned by
surveyed livestock producers in state
TOTEXP = total number of expansion animals in category m

owned by surveyed producers in all states
The k's in (21) refer to the states in Table 1 and the m's refer to the
four cattle categories included in this study. Table & presents the
total number of expansion animals from each cattle category that were
owned by livestock producers surveyed in the eradicated area of Mexico.

Table 6. Total Numbers of Expansion Animals Owned
by Surveyed Producers in Screwworm Free Zones

Catagory Total Number of Expansion Animals in Survey
Stocker 14,513
Feeder 16,311
Beef Cow 81,066
Dairy Cow 9,583

Using the percentage of expansion animals in each of the four
cattle categories in each state, the total number of expansion animals

of each category in each state was calculated by:

(22) STTOTpy = %STmk * NATOTp (k=1,00,30) {m=1,..,4)
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where:
STTO0Tqk = estimated number of expansion animals of category m in
state k
NATOT, = total number of expansion animals in category m

in the eradicated area of Mexico as determined
from secondary data

The k's and m's in (22) have the same significance they have in (21).
To detarmine how many expansion animals of each cattle category were
found in the study's zones, the number-of expansion animals in the
states corresponding to each zone were summed.

For the swine category, an unpublished U.S. Foreign Agricultural
Service report indicated that there were 905,000 sows in Mexico in
1984, Published data from Mexice's Sector Agricola Recursos
Hidraulicos (SARH), Direccion General De Economia Agricola, allowed the
calculation of the percentage of the swine herd found in each Mexican
state. The number of sows per state was then calculated by:

(23) SOWSST = %SWNST * 905,000 (k=1,..,30)

where:

SOWSSTy = number of sows in state k

2SUNSTk = % of swine herd in state k as determined by data
from SARH

The k's in (23) are the states in Table 1. The sows per study zone
were determined by summing the numher of sows from the states
corresponding to each zone.

In the other categories; sheep, goats, horses, and work animals;
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estimates of the number of expansion animals were not available. The
United Nations Food and Agriculture Organization, U.S. Foreign
Agricultural Service, and Mexico's Sector Agricola Recursos Hidraulicos
data reported only total herd size., It was necessary to utilize survey
data to estimate the number of expansion animals in each of those
categories. This was accomplished for each each of those categories
by: _

(24) EXPANpL = TOTHERDR * PEREXPSURVEYq (m=6,..,9)

where:
EXPANy, = number of animals in category m of the type
to be used as expansion animals.
TOTHERD, = Total herdsize in Mexico of category m

PEREXPSURVEYm = percentage of animals in category m of the
type to be used as expansion animals that
were owned by surveyed producers
In (24} the m's refer to all the livestock categories other than cow-
calf and swine,

For the sheep, goat, horse, and work animal categories, Sector
Agricola Recursos Hidraulicos data from 1979 or 1980 were available
which allowed the calculation of the percentage of the total herd in
each state., These percentages were used to calculate the number of
expansion animals per study zone in each of the four categories by the
same procedure utilized for the swine., Before separating the horses
into classifications by zone; the total reported horse herd had to be

divided among horses for sale and work horses., Horses of each type

were quantified for surveyed producers, The percentages determined in
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the survey were assumed to be representative of Mexico and were used to
divide the total horse herd reported by the United Nations Food and
Agricultural Organization into work animals and animals for sale, The
total number of work animals in Mexico could then be determined by
summing the numbers of work horses,‘mules, and burros.

Expansion animal numbers for 1976-1980 were estimated the same way
as those for 1981 through 1984 for ail 1ivestock categories except the
swine category. Inventory numbers that were available for the year

1980 are given in Table 7.

Table 7. Mexican Herd Sizes in 1980

Category Herd Size
(1) Cattle 29,500
(2) Hogs 12,800
{3) Sheep 6,482
{4) Goats 9,638
{5) Horses 6,300
{6} Mules 3,109
(7) Donkeys 3,233

sdaurces: Categories -4, U.S.
Foreign Agricultural Service,
Foreign Agricultural Circulars
1980. Categories 5-7, United
Nations Food and Agriculture
Organization, FAQ Production
Yearbook, 1982,

As in the case of 1984, unpublished W.S5. Foreign Agricultural
Service data from 1980 were available that facilitated distributing the
total cattle number into the four cattle categories included in the

study. These data are given in Table 8.
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Table 8 Partial Breakdown of 1980
Mexican Cattle Herd as Given by the

FAS

Category 1000's of head
Dairy Cows 2,627

Beef Cows 10,615

Calf Crop 8,315

Source: Unpubiished estimates,
U.S. Foreign Agricultural
Service, Mexico City

No FAS figure for sows was available in 1980 as was the case for
1984, Therefore, the percentage of sows owned by surveyed producers was
used as the basis for estimating the total number of sows to be
allocated among zones. The number of expansion animals per year from
1976~84 that lived in zones from which the screwworm had been

eradicated is given in Appendix C.

Lentral America

Expansion animal inventories from Central America were needed only
for 1984, The available data on Tivestock inventories in Central
America for 1984 is presented in Table 9,

Thé only U,S. Foreign Agricultural Service data available about
the breakdown of the cattle category in Central America was from
Costa Rica and pertained to the year 1984, Those data indicated that 5
percent of the herd were dairy cows, 36 percent of the herd were cows
in the cow-calf category, and 15 percent of the total herd was made up

of the calf crop. The same procedure that was employed with the cattle



Table 9. 1984 Livestock Inventories in Central America

e s
Swine 2,572,000
Sheep 678,000
Goats 130,000
Horses 914,000
Mules 187,000
Donkeys 42,000

Source: United Nations Food and Agriculture
Organization, Production Yearbook, 1984.

inventory in Mexico was used to find what proportion should be
allocated to the feeder and stocker sections., The percentages found in
Costa Rica were considered representative of the rest of Central
America due to a lack of reljable secondary data for other countries in
that region,

The number of expansfon animals in Central America for the
livestack categories other than the cattle categories were estimated
by:

(25) CAEXPAN8Ay, = CAHERDm * PEREXPSURVEYm (m=5,..,9)

where:

CAEXPANB4y, = number of expansion animals of category m
in Gentral America in 1984
CAHERD,, = total herd size of category m in Central

America in 1984

There were no estimates of the percentage of each livestock
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category that was comprised of expansion animals for Central America.
Therefore the estimates of those percentages derived from the Mexican
study, (PEREXPSURVEYp), were used. Horses in Central America were
divided into work horses and horses for sale by using the percentages
in each category from the Mexican survey. The total number of work
animals in Central America was calculated by summing the number of work

horse, mules, and burros, in that region.
Program Costs

The costs of the Mexican-American Screwworm Commission for the
years 1977 to 1983 were adjusted for inflation and converted to 1984
dollars. In a separate step, the time value of money was incorporated
by compounding pre 1984 values and discounting post 1984 values to
derive a 1984 present value, Similar steps were conducted for benefits
of screwworm eradication so that the estimated present value of costs

and benefits could be compared.

Infiation Adjustment

Annual budgets for the Mexican American Screwworm Commission were
available for the years 1977 to 1985, The amount spent by the
Commission in the 1986 U.S, Fiscal year was supplied by Bill Sudlow of
the U,S, Animal and Plant Health Inspection Service in a July 21, 1986
telephone interview, VYearly dollar expenditures from 1977 to 1984 as

given in the budgets were adjusted for inflation and converted to a
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1984 dollar basis using the United States Consumer Price Index reported
in the 1986 edition of the Economic Report of the President. The
methodology used for inflating the expenditures prior to 1984 was the
same as that presented in equation (4) except for the price index used.
The 1985 and 1986 expenditures were not seriously affected by inflation
and were thus not adjusted. Table 10 gives the annual expenditures of
the Mexican-American Commisson for 1977 to 1986 in 1984 dollars.

Table 10. Mexican=-American Screwworm Eradication Commission Annual
Expenditures by U.S. Fiscal Year in 1984 Dollars

Year Annual Expenditure ($1000 U.S.)
1977 21,768.4
1978 23,881.8
1979 22,793.0
1980 22,697,2
1981 35,883.9
1982 43,992.0
1983 44,308.8
1984 38,861.0
1985 31,854.0
1986 31,589.0

Present Value Calculation

The effect of inflation was removed by using the price index to
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adjust values. However, the time value of money or the real interest
rate remained. Thus, all values were estimated on a 1984 present value
basis via compounding and discounting procedures,

The 1984 present value of each of the Commission's yearly
expenditures from 1977 to 1983 was calcuiated by:
(26) FUTVALjr = EXPj * (1 + )" (3=1977,..,1983) (r=3%, 6%, 8.625%)

where:

FUTVALj. = the value of the expenditure in year j in 1984 present
value terms calculated at discount rate r

EXP; = the Commission's expenditure in year j as given in
J %abTe 10. P . y ! g
r = the discount rate used (a proxy for the real rate of
interest) ,
n = the number of years between year j and 1984

Three different interest rates; 3%, 6%, and 8.625%, were used in
each conversion of annual benefits and costs to 1984 present value
terms, At the time of this study, 8,625% was the interest rate used
for evaluation of resource projects by the United States Federal
Government (telephone interview, Economics Branch, SCS, Fort Worth,
7/16/86), However, this discount rate includes an inflation component
and represents a very high long term real rate of interast. The
expenditure for 1984 was used without adjustment.

The 1985 expenditure was discounted to 1984 by:

(27) PV85. = £xpgs
1t5ig)
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where:

PV85. = value of 1985 expenditure discounted to 1984
using interest rate r

EXP85 = the Commission's expenditure in 1985

r = rate of interest (3%, 6%, 8.625%)

The amount budgeted for 1986 was assumed to continue to
perpetuity. The present value of this stream of expenditures was

calculated in 1984 terms by:

(28) PERPEXPSGr = EXFSC

where:
PERPEXP86,. = present value in 1984 basis of the budgeted amount
for 1986, using discount rate r
EXP86 = Commissions's 1986 budget figure
r = the discount rate used (3%, 6%, 8.625%)

However, since the analysis established 1984 as the base year for
presentation economics, 1985 was counted twice. Once as reported on
the Commission's budget and once when using the 1986 budget figure
which was assumed to continue to perpetuity. If was necessary to
eliminate this double counting by taking the 1986 expenditure value and
discounting one year by using the procedure given in equation (27).
That amount was then subtracted from the total calculated in equation
(28).

The total cost of the eradication effort in 1984 present value

terms at aach of the three discount rates was then determined by:
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{29) PROGCOST84y = FUTVALjr + PY85, + ADJPERPy
(j=1973,..,1983) (r,=3%, 6%, 8.625%)
where:

PROGCOST84, = the cost of the program in 1984 present
value terms using discount rate r

ADJPERP,. = PERPEXP86, adgusted for the doubie-
counting of the 1985 expenditure

Program Benefits - Eradicated Region

Benefits of screwworm eradication were estimated separately for
the eradicated region of Mexico, the infested region of Mexico, and
Central America. This section focuses on the estimation of the
benefits of the eradication program in the eradicated region of Mexico.
The change in producers' surplus due to screwworm eradication was
more completly estimated for cow-calf producers than for other
livestock producers. A serious lack of reliable producer budget data
preempted any complete estimate of the change in producers' surplus in
the other livestock categories. In all categories other than cow-calf,
the reduction in producer’s variable costs due to eradication was used
as the estimate of change (increase} in producers' surplus due to

screwworm eradication,

Non Cow-Calf Categories

This study was designed to quantify the effects of the screwworm

eradication effort on seven of the costs associated with producing
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Tivestock; medicine, insecticides, veterinarian services, labor,
equipment, confinement of animals, and extra days of production made
necessary by screwworm infestation. In Mexico unemployment is
relatively high., Due to this unemployment factor, two estimates of the
effects of screwwarm eradication on per expansion animal costs were
made, one that included the decrease in labor needed due to screwworm
eradication and one that did not. Decision makers could thus use the
total that they felt was a truer representation of the benfits of the
program to Mexico.

The total annual benefit accruing to all categories other than the
cow-calf category was calculated as follows:
(30) TOTBENy: = EXPANBEMmj * SWCOSTEXPp {%Z%?f?:éj’1983)

wherea:

TOTBEN,: = tota) benefit accruing to livestock category m in
] year j

EXPANBEN 5

total amount of expansion animals in category m
found in study zones from which the screwwornm

had been eradicated by year j

SWCOSTEXPym = extra cost per expansion animal that would have
been experienced had screwworms still been present

SWCOSTEXPw is a summation of medicine, insecticide, veterinarian
services, equipment, confinement, extra days of production, and extra
labor caused by screwworms, It was calculated once with the labor
component and once without the labor component. Two estimates of the
total annual monetary benefit per category from screwworm eradication

were thus produced.
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Cow-Calf

For.the cow=-calf category a more encompassing estimate of the
change in producers;surp1us due to screwworm eradication was made. As
in the other livestock categories, the impact of the screwworm per
expansfon animal on the variable cost of producers was first
calcylated. That estimate of the benefits to producers from
eradication, however, does not totally include their benefit from the
greater Tavel of output made possible by the elimination of the
screwworm. That net increase in producers' revenue from eradication
not captured in other estimates is the area abed in Figure 6 as
discussed in Chapter 3. Estimation of this area involved determining
the total cost of producing the increased output and then deleting
preeradication costs of production as well as the lower costs of
production due to eradication to avoid double counting. Enterprise
budgets for cow-calf operations in Mexico were employed to make
possible an gstimation of this added benefit.

The impact of the screwworm on the variable cost of producing a
kilo of calf was arrived at by:

(31) IMPKILO = IMPHEAD / KILCAFCOW

where:
IMPKILO = extra variable cost.of producing a kilo of calf due
to screwworm infestation
IMPHEAD = extra variable cost per breeding cow due to screwworm

as determined from the survey
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KILOCAFCOW = average kilograms of calf produced per cow
pre-eradication as determined from the survey

The annual number of kilos of calves that would have been produced
if the screwworm had still been present was arrived at by:

(32) TOTKILOSPREj = BENCOWSj * KILCAFCOW (j=1977,..,1984)

where:

TOTKILOSPRE; = total kilos of calves that would have been produced
in year j by cows in zones where the screwworm had
been eradicated if the screwworm had still been
present

BENCOWS; = total number of breeding cows benefitting from

screwworm eradication 1h year ]
TOTKILOSPRE§ §s equivalent to Q1 in Figure 6.

The average number of kilos of calf produced per cow after the
eradication campaign was:

{33) KILOSPOST = KILOCAFCOW + KILDEATH + KILLOST

where:
KILOSPOST = average number of kilos of calf produced per cow, post
eradicat fon
KILDEATH = national average of kilos of calf per breeding

cow that were lost due to screwworm induced calf
deaths, determined from survey

KILLOST = national average of kilos per breeding cow of sale
weight of calves that was lost due to screwworm
infestation

The annual number of kilos of calf produced by cows Tocated in

zones from which the screwworm had been eradicated was:

(34) TOTKILOSPOST; = KILOSPOST * BENCOWSj (j=1977,..,1983)
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where:

TOTKILOSPOST; = total kilos of calf produce in year j by cows in
zones where the screwworm had been eradicated

TUTKILOSPOSTj is the point (2 in Figure 6.
The change in the quantity of kiles of calves produced from 1977
to 1983 by cows in areas where the screwworm had been eradicated was:

(35) KILOSCHAj = TOTKILOSPOSTj - TOTKILOSPRE;j (J=1977,..,1983)

where:

KILOSCHAj = change in kilos of calves produced in year j due fo
screwworm eradication

KILOSCHAj is equivalent to Q2 -~ Q1 in Figure 5.
The annual variable cost savings to cow-calf producers from
screwworm eradication were:

(36) CHAVC; = TOTKILOSPOST; * IMPKILO (j=1977,..,1983)

whare:

CHAVC; = total reduction in variable cost in year j due to
s¢rewworm eradication

The annual change in producers' total revenue due to screwworm

eradication was:

(37) TRCHA; = KILOSCHAj * PRICEKILO  (j=1977,..,1983)

where:
TRCHA 4 = change in total revenue of producer in year j due to
screwworm eradication
PRICEKILO = average price per kilo of calf received by cow-calf

operators in 1984 pesos, taken from survey data
The increase in producers' total revenue due to eradication cannot

be counted as a valid increase in producers’ surplus. A methodology
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was developed to estimate what part of the increase in total revenue
was a net benefit to producers. To implement that methodology it was
necessary to obtain budgetary data for Mexican cow-calf operations.

The Mexican equivalent of the U.S. Department of Agriculture, Sector
Agricola Recursos Hidraulicos (SARH), supplied cow-calf budget data for
tropical areas of Mexico such as the states of Tampico, Veracruz, and
Jalisco. Sector Agricola Recursos Hidraulicos indicated that the
budget they furnished was as typical of Mexican cow-calif operations as
any budget available, The budget they supplied however was based on
high level management,

Several ijtems included in the budget from Sector Agricola Recursos
Hidraulico were adjusted to better reflect a typical cow-calf
operation. Sector Agricola Recursos Hidraulicos had included variable
costs for some types of cattle which are not normally included in a
cow-calf operation. The variable costs for cattle other than
cows, calves, bulls, and replacement heifers; the normal components of
a cow-calf herd; amounted to 23.5 percent of the total variable cost.
This 23.5 percent of the variable cost was removed from the tofal
variable cost included in the budget.

Sector Agricola Recursos Hidraulicos had also included interest
costs calculated at a 58 percent annual rate. This high interest rate
reflected the high rate of inflation in Mexico. Since inflation had
been removed from all economic estimates in this study only 10 percent

of the total cost of interest reported by SARH was retained, This
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brought the interest cost more in 1ine with the real rate of inferest,

Once the budget had been adjusted to refiect a typical cow-calf
operation, the annual variable cost per cow and the variable cost per
kilogram of calf produced were calculated. The budget Sector Agricola
Recursos Hidraulicos supplied was for November, 1985 so the variable
costs determined from that budget had to be adjusted to 1984 pesos.
The per kilo variable cost figure was analogous to the post eradicat%on
variable cost figure defined by the point f in Figure 6. To arrive at
the pre-erédication average variable cost, analogous to point c in
Figure 6, it was necessary to add the additional per kilo variable cost
caused by the s¢rewworm that had been determined in equation (34) to
the per kilo variabie cost determined from the Sector Agricola Recursos
Hidraulicos budget. A summary of the cow-calf budget provided by
Sector Agricola Recursos Hidraulicos, after adjustment, is given in
Table 11.

Once point ¢ was known, that part of the annual increase in total
revenue stemming from screwworm eradication that was extraneous to the
increase in producers' surplus, deq2ql in Figure 6, was determined as

follows:

(38) EXTR; = KILOSCHAj * ¢ (j=1977,..,1983)

where:
EXTR; = Eortion of the increase in total revenue in year j

hat was extraneous to the increase in producers'
surplus



Table 11. Sample Budget for Mexican Cow-Calf Operations?®

Maintenance of infrastructure 1,761
Maintenance of pastures 2,742
Medicine and minerals 1,175
Miscellaneous 284
Replacement of bulls 1,095
Labor _ 2,695
Interest 502

®ATT monetary figures reported in 1984 dollars per 100
breeding cows.

c = pre-eradication variable cost per kilo of calf
produced

The net annual increase in total revenue was:

(39) NETCHATRj = TRCHAj - EXTRj (J=1977,..,1983)

where:

NETCHATRj = net change in cow-calf producers' total revenue
due to sCrewworm eradication

The total annual increase in the producers’ surplus of owners of
cattle in the cow=~calf category that was attributed to screwworm

eradication was then determined by:

(40) CHAPSj = NETCHATRj + CHAvCj (J=1977,..,1983)

where:

CHAPS; = {ngr ase in producers. surplus of owners of
cattle in the cow-calf category in year j

CHAVC,, the benefit due to the reduction in costs of production due
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to eradication, was estimated earlier. The value of CHAVCj

corresponds to the area cefh in Figure 6.

Conversion of Benefits to 1984 Present Value Terms

To reflect the time value of money the annual benefits experienced
by each livestock category from 1977 through 1983 expressed in 1984
present value terms were calculatad by:

(41) VALBEN84pjyr = BENmj * (1 + r)0 (j=1977,..,1983)

(m=1,..,9)
where:

VALBEN84y ;. = the value of the estimated bemefit by category
m in year ] compounded to 1984 terms at interest
rate r

r = the interest rate used (r=3%, 6%, 8.625%)

Benm j = benefits estimated by livestock category m in year
J in 1984 pesos

n = the number of years between year j and 1984

The value of the bhenefit as estimated for the year 1984 was
considered to be the level of benefit that would continue to
perpetuity. Thus, the present value on a 1984 basis of the benefits

from 1985 to perpetuity was calculated as:

(42) BENPERPmy = BEN84m (m=1,..,9)
BER

where:

BENPERPy,. = estimated present value of benefits from 1985
to perpetuity for each category calculated at

interest rate r

BEN84,, = estimated benefits for category m in 1984
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r = discount rate used (3%, 6%, 8.625%)
The estimated total benefit of each category in 1984 present value
terms by discount rate was:
(43) TOTBENCATqy = VALBENS4yj, + BENS4y + BENPERPp,
(m=1,..,9) (r,=3%, 6%, 8.625%) (j=1977,..,1983)

where:

TOTBENCATy, = total benefit estimated for category m from
eradication in 1984 present vaiué terms calculated

at discount rate r
In this way, the present value of benefits were estimated for each
livestock category. Total benefits of s