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CHAPTERI 

INTRODUCTION 

Statement of the Problem 

Texas is recognized as a state rich in natural resources. The state has several industries 

that are national leaders in their respective economic sectors. Agricultural receipts in Texas 

are among the most important of the state's income sources. Many of its resources are in 

agricultural and other land-oriented holdings such as petroleum. Total annual cash receipts 

from farm marketíngs in Texas over the past six years have exceeded ten billion dollars. 

FoUowing Califomia, Texas ranks second among agricultural producing states in total farm 

marketíngs. As a group, Texas farmers and ranchers rank first in the natíon in the 

production of cotton, grain sorghum, catde, calves, wool, lambs and sheep (Texas 

Department of Agriculture). Agricultural revenues in Texas are comprised primarily of 

crop and livestock receipts, with cotton, wheat and grain sorghum being the main crops. 

The output multiplier for agricultural production in Texas is estimated to be approximately 

3.38 (Texas Agricultural Extension Service, 1980), which indicates that for every $1.00 

change in production, the aggregate impact on the state's total income is $3.38 in the same 

direction. 

Texas' large agricultural industry is important to the state's economic welfare. 

Because the state govemment collects a substantíal portion of its revenue from land and 

property taxes, as well as from oil and gas, low retums from agricultural commodities 

coupled with decreased energy prices in recent years have resulted in lowered tax revenues 

for the state govemment. Low agricultural prices have also affected other parts of the 

economy, such as the retail, service, and industrial sectors. Anything that degrades Texas' 

natural resources has a negatíve effect on the state's well-being. 
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A potentially large threat to agriculture and other sectors of tíie economy emerging in 

Texas is the Red Imported Fire Ant (RIFA), Solenopsis invicta (Buren). This pest is 

established in many counties throughout the state. Many countíes in east and central Texas 

are regulated by state and federal agencies against the transportatíon of RIFA-infested 

materials. RIFA-quarantíned counties are illustrated in Figure 1.1. RIFA was introduced 

in Mobile, Alabama, between 1930 and 1940 from South America. Since that tíme RIFA 

has continued to spread across the southem region of the U.S., infesting Alabama, 

Georgia, Mississippi, Louisiana, Texas, Arkansas, and North and South Carolina. The ant 

contínues to move into surrounding states at a steady rate. Reports indicate that RIFA 

causes damage to rural and urban businesses, agricultural enterprises, homes, and public 

facilities (Lofgren). 

Due to the effects of the insect's presence, many interest groups have initíated 

procedures to suppress RIFA. It has acquired the títíe "pest" in urban and some farming 

groups, although, in other circles it is considered a beneficial insect. A few negatíve 

aspects of RIFA's presence are: 1) their sting can be painful to man and animals; 2) they 

can build their mounds as high as 18 inches, creating damaging obstacles to farm 

machinery; and 3) their bodies cause malfunction of electrical components. A positive 

aspect of RIFA's presence is its predatory nature toward other insect pests, such as 

bollworms and sugarcane borers. 

The specific problem is that while some people think RIFA's presence provides a 

positive impact, others think that it provides a negative impact. Thus, the overall economic 

impact of RIFA in Texas has not been determined. The state legislature has allocated, and 

contínues to provide, millions of dollars in funds to suppress RIFA witii a limited view of 

the overall economic impact of the ant. The problem becomes complex because of the 

many types of damages and benefits that occur due to RIFA's presence. Many effects of 



Figure 1.1- RIFA quarantíned region in Texas^ 

^Source: USDA Fire Ant Quarantined Counúes. 



the ant are felt in the farm sector through equipment damage and crop loss. However, 

equally important is the effect on human healtfi and well-being. 

ObjggtivgS 

The general objective of this study is to determine the net economic impact of RIFA on 

the Texas economy. Specific objectíves are to: 

1. Identify and estímate economic benefits attributed to RIFA's presence in Texas; 

2. identífy and estímate economic costs attributed to RIFA's presence in Texas; 

3. determine if RIFA is an economic pest; and 

4. if RIFA is a pest, perform a cost-benefit analysis for controUing RIFA in Texas. 



CHAPTERII . 

RE VIEW OF LITERATURE 

No previous research exists which estímates the benefit-cost ratío of RIFA on a state-

wide basis. However, studies identifying levels of some of the damage caused by RIFA 

have been completed. The literature reviewed is organized into tiie foUowing sectíons: 1) 

tfie use and applicatíon of cost-benefit analysis; 2) social pest management; and 3) benefits 

and damages caused by RIFA. 

Cost-benefit Analvsis 

In 1975, Grut reported tíie results of a cost-benefit analysis (CBA) conducted in the 

forestry sector. He discussed the need for accuracy in the measurements of tiie specific 

attributes under the respective categories of benefits and costs. In the forestry sector, there 

are many values which are not directly measurable in monetary terms. An example of this 

is the social value of recreation. However, the value of recreation "can be estímated from 

the amounts of money people are prepared to pay in terms of travel and other costs." Gmt 

also suggested that some social costs are not valued by the market place. One example is 

restricted stream flows tíirough forests. As a forest expands, streams become constricted 

as tree roots grow across a stream bed. This creates a loss of benefits to some downstream 

partíes because the volume of water they receive is diminished. This is considered to be a 

negative extemality by the downstream users. But, the downstream users also recognize a 

positíve extemality in the decreased risk of flooding. 

Grut also indicated that values of all benefits and costs are difficult to ascertain. He 

reported that the social cost of any negative attribute for public property is its marginal cost, 

i.e., the cost of additional trucks, personnel, etc, required to handle that negative attribute. 
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An example of a negative attribute is the restricted stream flow mentioned previously. If 

equipment and manpower must be utilized to correct the streambed, then those costs can be 

assigned to the attribute as its value. This concept is helpful in assessing the value of 

intangible costs and benefíts. 

An article written in 1975 by Graaff reported criticisms of cost-benefit analysis. He 

stated that cost-benefit analysis has problems relating to the values of specific benefits and 

costs. For example, changing prices can present a problem when valuing public projects. 

When there are two projects of a dissimilar nature they will probably affect the future price 

pattems of goods produced in the region in two different ways. This point can be 

iUustrated with an example of a new airport to be constmcted. One group of individuals 

could benefit from increased traffic to the area, such as store owners, while home-owners 

near the airport might lose property value because of noise. Additional problems 

recognized in cost-benefit analysis are that it does not consider the impact to the local 

community or the effect on the environment. Graaff suggested more consideration be 

given to intangibles and extemalities. 

Social Pest Management 

Torrell et al. assessed the cost-effectiveness of grasshopper, Melanoplus sp., control 

programs in New Mexico. The study focused on a cost-sharing program implemented in 

tíie state where farmers paid one-tíiird tíie cost of control and the state govemment paid the 

remaining cost. The program was established due to the economically significant 

population level of grasshoppers in the eastem part of New Mexico. Grasshoppers cause 

high levels of damage when their numbers exceed eight per square yard. Grasshoppers 

cause particular harm to forage plants because they often eat the plant down to tíie crown. 



It was found that farmers benefited by participating in the program because the value 

of the forage saved from grasshopper destruction outweighed their share of the control 

cost. However, farmers were advised to carefully estimate the value of their forage 

because the benefits are closely related to this. When the analysis considered society, the 

results were markedly different. The program's total costs were greater than the benefits 

realized by citizens of tíie state. It was noted, however, that although costs exceeded 

benefits the margin could possibly be absorbed by secondary benefits such as gardens and 

backyards protected from grasshoppers. The authors stressed that prior to the 

implementation of any program of tíiis scope, the benefit and cost values should be 

carefully estímated. Also, the value of secondary benefits should not be ignored even 

though they were not considered in this paper. 

Gardner et al. conducted an analysis of a program to control Califomia red scale 

(CRS), Aonidiella auratii (Maskell), in the citrus industry of Yuma County, Arizona. CRS 

is a major pest to citms growers in Califomia, Arizona, and Texas. It is dangerous to the 

life of the trees, and early detection is important to achieve timely and least cost control. 

Growers in the Yuma County region had previously relied on visual inspection methods to 

determine economic thresholds. The analysis was performed to determine whether it was 

cost-effective to provide CRS monitoring services to the citrus growers. 

The specific objective of tíie study was to determine if growers could save on control 

costs by increased monitoring of CRS through syntíietic sex pheromone traps. These traps 

would be distributed and monitored by tíie United States Department of Agriculture 

(USDA) at their expense. Costs associated with tíie program were for traps, monitoring, 

and administration. Benefits of tíie program were decreased frequency of pesticide 

applications and ability to more accurately apply pesticide treatments where needed. 



8 

Altíiough secondary social benefits of decreased exposure to control chemicals were 

recognized, they were not considered in the analysis. 

Cost-benefit analysis (CBA) was adapted to the monitoring program resulting in a 

benefit-cost (B-C) ratio greater tíian one (B-C>1). This indicated that tíie benefits of the 

monitoring program, primarily tíie decreased cost of control, were greater tíian the added 

man-hours and otíier costs associated with tíie program. A particularly important aspect of 

tfie study was tíie positive effect of reduced chemical applications on society as a whole. 

This is achieved principally by accurate pest population level reporting and accurate 

application rates. 

Ervin, Moffitt and Meyerdirk estimated the B-C ratio of a program to suppress the 

Comstock mealybug, Pseudocaucus comstocki (Kuwana), from Califomia orchards. 

Their estimate was based on data gathered after the program was complete and the success 

known. The Comstock mealybug was discovered in central Califomia attacking citrus, 

apples and peaches, as well, as other hosts, such as omamental plants. Hence, a program 

to suppress the mealybug population was quickly established tíiroughout the state. It was 

found that the mealybug could be controlled for an unlimited amount of time by the 

introduction of a complex of four separate natural enemies. Suppression of the pest 

population occurred within four years of tíie introduction of tíie biological enemies. Thus, 

the state never actually realized the expected fuU damaging effects the mealybug could have 

caused. The authors cited historical studies which indicated that the insect had been a 

primary pest of apple and peach orchards in the eastem U.S. Literature also presented 

yield loss in these crops attributed to the mealybug's presence. Estimates of the value of 

the potential loss to the apple and peach industries were computed and compared to the cost 

of the program. This allowed for the estimation of a B-C ratio and Intemal Rate of Retum 

(IRR). 



An important element of the study was the valuation of benefits and costs over tíme. 

The time horizon used in the study was a 10-year period covering 1972 to 1981. This 

relatively short time horizon allowed for a more stable projection or appraisal of the cost-

effectiveness of pest control programs than would an extended time frame. The short time 

horizon allowed the chosen discount rate to better represent the time value of money over 

the life of the project The project rendered B-C ratios greater than one for several discount 

rates, the lowest being 5 percent The IRR indicated that the project was economically 

successful. One of the most important factors of the analysis was the removal of some of 

the sensitivity by making conservative (low) estimates of the benefits and conservative 

(high) loss estimates. The research showed that Califomia benefited economically by using 

the developed biological control program to control the mealybug. 

Norgaard reported on a study evaluating the biological control of the Cassava 

mealybug, Phenacoccus manihoti (Matile-Ferrero), in Africa. Cassava is a major 

subsistence crop in African agriculture. In the early 1970s, the mealybug was mistakenly 

introduced into Africa from South America where the pest was not considered to be a 

problem because of the presence of parasites and predators. The Intematíonal Institute of 

Tropical Agriculture discovered and introduced successfully a parasitic wasp Epidinocarsis 

lopezi capable of controlling the mealybug. The benefit-cost ratio for the project was 

determined to be 149 to 1, indicatíng tíiat biological control of tíie mealybug was 

economically successful. Norgaard indicated that further research should be done 

regarding biological control for pests of major crops. 

Benefits and Damages Caused bv RIFA 

RIFA has been observed feeding on com, causing an estimated loss of approximately 

65 percent to some com plantings. Glancey, Coley and Killebrew reported on new RIFA 
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infestations on farms in Mississippi after flooding had occurred. Heavy yield losses on 

white com were determined to have resulted from RIFA feeding. The authors 

experimented witíi several plots to measure damage from the ants. Loss to RIFA feeding 

on ten plots totaled 63.4 percent. 

Smittie, Adams and Lofgren observed RIFA feeding on several components of 

soybean, com and okra plants. Altíiough okra and soybeans were damaged at the roots, 

the most serious of the identified damages occurred to com. No economic damages were 

estimated. However, their study did serve as a verification of feeding practices by RIFA 

on the studied plants. 

The cost of damage to soybean harvesting machines in RIFA infested fields was 

estimated by Adams et al. (1977). The average life of sickle-bar knives and concave rollers 

on a combine was estímated to be four years under optímum field conditíons. However, 

RIFA mounds were reported to cause replacement to occur at least once per season in 

North Carolina. The average cost of replacing the sickle bar rollers and knives per season 

was $184 in 1977 nominal terms. Due to the wear of combine equipment most farmers 

have been forced to raise their blades 12 to 15 inches from the ground to avoid striking the 

mounds. Thus, in infested fields, either a portíon of the soybean yield is lost due to raising 

the blades or equipment wears out faster. 

Lofgren and Adams reported the loss of approximately 14.5 percent of a soybean crop 

due to RIFA infestatíons. Experiments were conducted on test plots of soybeans to 

measure the cost of mound interference on harvestíng operatíons. Similar plots of 

soybeans were planted; half infested with RIFA and tíie otíier half controlled for RIFA. 

Yields were compared to determine the effect of mound interference. The highest recorded 

loss was 14.5 percent and the lowest approximately 5 percent. 
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Adams reported tíiat RIFA caused tíie loss of approximately 50 percent of an eggplant 

crop. Two large fields of eggplants were observed during a growing season in Marion 

County, Florida. RIFA attacked and damaged growtíi tips and leaf axils of tíie eggplants. 

The value of tíie eggplants on the farm in tiie study was estímated to be $111,000 (in 1982 

dollars), hence tíie estímated loss on the farm was $55,500. 

Adams, Banks and Lofgren reported on a study in which RIFA damage to two 

marketable Irish potato varietíes (Sebago and Russett Centennial) was estímated at a 12 to 

26 percent reductíon in crop harvest. The results were determined from a study completed 

in northeastem Florida. Small-plot field tests from 1983-1985 resulted in losses being 

positively correlated witfi tíie number of RIFA in tfie field. RIFA were trapped and counted 

to establish the relationship between damage and ant populations. The United States 

Standards for Grades of Potatoes define severe damage as that which results in loss greater 

than 10 percent of yield. Thus, the estímated 12 to 26 percent reductíon in crop harvest 

would be considered severe damage brought about by RIFA's presence. 

Smittie et al. reported results of RIFA feeding on young citms trees in controlled 

experiments. Naval orange and mby red grapefruit trees were made radioactíve to observe 

feedings. After 2 days and as long as 10, 80 percent of RIFA were found carrying 

radioactivity. The ants consumed new leaves, blossoms, and small fhiit. The authors 

introduced an altematíve food source (house fly pupa) but feeding on citms was not 

reduced. The replacement cost for a hectare of young citms was estímated to be $750. It 

was found that the impact of RIFA could become more severe after a kiUing freeze because 

young trees are more vulnerable to feeding. 

Adams and Lofgren estimated the cost for medical treatment required as a result of 

having a severe reactíon to RIFA's stíng. The authors recorded medical treatments for 

arthropod stíngs and bites. A survey was conducted at a military base in Georgia with a 
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population of approximately 23,000 people. During a six-month period of RIFA activity, 

161 attacks were attributed to the ant. The number could be slightiy higher because some 

patients were unable to identífy the stínging pests. The most frequently listed symptoms 

were edema, a swelling conditíon (82 percent); urticaria, a difficulty in tfie urinary tract (43 

percent); and respiratory distress, difficulty in breathing (5 percent). An outpatient visit 

was reported to cost $23.10 and a one-day stay in tiie hospital was estimated at an average 

cost of $176.45, given in 1979 dollars. Approximately 87.3 percent of the attacks were 

handled as outpatient procedures. 

RIFA is reported to attack and consume the larval stages of tfie boU weevil, 

Anthonomus grandus (Boheman), in two areas of Texas (Steriing). The ant was observed 

feeding on boll weevils in the Trinity River and Brazos-Navasota River areas of Texas. In 

the Trinity River area the level of predation on larval boll weevils was an average of 66 

percent while in the Brazos-Navasota region it never surpassed 37 percent. RIFA exhibits 

characteristics causing it to be a valuable predator of cotton insect pests. Such 

characteristícs as uniform dispersion throughout cotton fields and populatíon growth 

pattems resultíng in the ant's constant predatíon through the cotton growing season have 

been cited. Sterling suggests that RIFA has been prematurely condemned as a pest, and 

that a benefit-cost study should be done to evaluate ensuing actíons against the ant. 

Adams et al. (1981) found that a reduction of RIFA resulted in increased damage from 

the sugarcane borer, Diatraea saccharalis (F.), in Florida sugarcane. This indicates that 

RIFA produces a control pressure on sugarcane borer populations. Therefore, sugarcane 

growers should exert fewer control efforts on sugarcane borers when RIFA is present. 

Harris and Bums reported a decrease in the lone star tick, Amblyomma americanwn 

(Lineaus), populations in areas where RIFA was established. RIFA wa reported to attack 

and kill engorged female ticks. The authors placed adult ticks and eggs in RIFA-infested 
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and uninfested pastures and woodlands. In the pasture environment RIFA significantíy 

reduced the number of eggs and engorged females. The authors noted that populations of 

the lone star tick have been almost totally suppressed in the test regions over the last 20 

years and attributed this to RIFA. 

Morrill reported that in greenhouse experiments, RIFA on alfalfa reduced the 

infestation of alfalfa weevil larvae, Hypera postica (Gyllenhal), by 99.6 percent. Morrill 

also observed that after exposure to RIFA for seven days pea aphids, Acyrthosiphon pisum 

(Harris), could not be found on the alfalfa plants. The alfalfa plants were not damaged by 

RIFA. 



CHAPTER III 

CONCEPTUAL FRAMEWORK 

The state of Texas is concemed about RIFA because of its perceived economic and 

social effects. The full effect of RIFA in tiie state is not known at this time. However, 

there are some useful concepts for analyzing the problem. Cost-benefit analysis is 

supported by the ideas of potential pareto superiority and consumer and producer surplus. 

The purpose of this chapter is to discuss these approaches and tfieir relevance to solving tfie 

problem. 

Cost-Benefit Analysis 

Economics is a social science dealing with the allocation of scarce resources to satisfy 

unlimited human wants. Based on this definition of economics, the foundation for a cost-

benefit analysis (CBA) can be established. Samuelson asserts that the role of economics is 

that "it analyzes the costs and benefits of improving pattems of resource allocation." A 

project that is appropriate for CB A deals with the question of whether or not society can 

benefit from the reallocation of resources, given the costs and benefits involved in its 

implementation. 

Economists have traditionally placed economic thought in two categories, normative 

and positive. Positive economics addresses the state of an economic system, aside from 

value judgments. It does not indicate anything good or bad about the economic conditions. 

Normative economics explicitiy introduces society's value judgments. It is prescriptive in 

nature and seeks to evaluate the optimal actions or conditions for an economy. Although 

the data portion of CBA falls into positíve economics, tíie concept is directiy in the realm of 

14 
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normative economics because it theoretically provides a decision criterion to make optimal 

useofpublicfunds. 

Some degree of normativism is inherent in welfare economics because welfare 

economics refers to tfie state of economic conditions in a society which considers value 

judgments. Welfare economics is most often used to analyze tfie effects on society by 

moving from one economic state to another. Stated another way, it provides tfie decision 

maker(s) with information about the most effícient use of public funds. 

Economic theory contains a body of thought to analyze welfare economics on a 

theoretical basis. Graphical concepts such as the Edgeworth Box (Sassone and Shafer) 

allow economists to picture the relatíonship that exists between individuals and tfie way 

they allocate commodities. However, any analysis is only as good as the concept used to 

analyze it. The difficulty in the analysis of welfare economics lies in the decision criteria. 

How wiU economists determine which economic state is better than anotfier? Four basic 

decision criteria have been developed to answer this question. 

Decision Criteria 

Sassone and Shaffer state that CBA "is simply applied welfare economics." Thus, 

CBA lends itself to the analysis of public projects, such as the control of RIFA. CBA is a 

tool for determining whether a specific reallocatíon of resources increases the value of 

goods and services produced and hence the general welfare of society. Sassone and 

Shaffer outíine four decision criteria that have become popular in CBA: 1) unanimity, 2) 

Pareto superiority, 3) majority mle, and 4) potential Pareto superiority. 

Unanimity 

The criterion of unanimity is the simplest measure used to compare altemative 

economic states. The mle simply states that "economic state one is to be judged superior to 
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economic state two if each member of society individually judges one to be superior to 

two" (Sassone and Shaffer). At fírst tfiis criterion seems to make welfare economic 

decisions easy. However, the flaw in this criterion becomes obvious as society attempts to 

agree on tfie optimal use of funds. Even in the smallest of societies, the policy or project 

will probably not be met with unanimous support. Therefore, the usefulness of tfiis 

criterion is limited. 

Pareto Superíoritv 

A somewhat weakened version of the unanimity criterion is the Pareto superiority 

criterion. It states that "economic state one is to be judged socially superior to economic 

state two if at least one person individually judges one to be superior to two, and no one 

judges two superior to one" (Sassone and Shaffer). This mle is a littíe less strict tfian tfie 

previous one, but it still lacks feasibility. If only one person objects, the project cannot be 

accepted. 

Majority Rule 

A criterion which appeals to many, especially in Westem societies, because of its 

democratic quality is the majority rule criterion. The rule says that "economic state one is to 

be judged socially superior to economic state two if the majority of the members of society 

prefer one over two" (Sassone and Shaffer). The problem with majority mle is that unless 

the project is approved as a referendum, a consensus of people is not possible even though 

we elect public offícials. Sufficient informatíon about each person's preferences is not 

available to offícials. Another possible problem is the lack of knowledge on the part of all 

individuals to make an informed decision. 
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Potentíal Pareto Siippríoríty 

This criterion states tfiat "economic state one is to be judged socially superior to 

economic state two if those who gain by the choice of one over two could compensate 

those who lose so tiiat, if compensatíon were paid, the fínal result would be tfiat no one 

would be worse off tfian he would be in state two" (Sassone and Shaffer). It should be 

noted that in CBA the preferences of all individuals must count, even tfiough this is 

sometimes difficult to accomplish. The welfare economic principle of Pareto optímality 

states that the optimal allocatíon of resources occurs at the point where no individuals can 

be made better off without making another individual worse off 

A simple example^ will aid in illustrating the applicatíon of this criterion to tfie problem 

at hand. In the theoretical control of RIFA, two types of individuals are affected as a result 

of control: gainers and losers. Gainers are the individuals who recover lost benefíts when 

there are no RIFA present. Losers are individuals who lose benefits when there are no 

RIFA present. Suppose that if RIFA is suppressed, gainers receive $20 and losers forfeit 

$10. If no control is exerted, losers receive $5 and gainers lose $0. These effects are 

summarized in Table 3.1. The losers have a gross gain of minus $15 because with RIFA 

control they lose $10 and they also forfeit the $5 they could potentially have with no 

control. The gainers have a gross gain of $20 because they gain $20 from controlling 

RIFA and nothing from no control. 

Given the stated criterion, it is indicated in Table 3.1 that control of RIFA is socially 

superior to no control because the gainers can afford to compensate the losers for their 

entire loss and still receive a profit from the control of REFA. Gainers and losers will come 

out better off because the gainers can afford to give the losers some amount of money 

between $15 and $20, say $16, and still come out better than they would witfi no control. 

^ This example serves only as a an illustratíon and is not rclated to the actual analysis. 
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TABLE 3.1: IUustration of Potentíal Pareto Superiority: RIFA Control versus No control 
Choice of control over no control 

Gains associated with: yields: 

Persons Control No Control 

Gross gain 
from both 

altematíves 
Potentíal 

compensatíon 

Net 
potential 

gain 

Gainers 

Losers 

+20 

-10 
0 

+5 

+20 

-15 

0 

16 
+4 

+1 

(Adapted from Sassone and Shaffer) 
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The gainers can give the money to the losers so tfiat botfi wiU be better off under RIFA 

control. AU individuals would be better off with control, therefore, meeting tfie potential 

Pareto superiority criterion. When the losers receive the $16 for compensatíon, tfie net gain 

for tfiem is $1 and the net gain for the gainers is $4. 

One fallacy with this criterion is that it only examines potentíal effects on all 

individuals. Actual compensatíon may not be paid to the losers by tfie gainers, nor is it 

demanded. The criterion only examines the potentíal to pay tfiose benefits to losers. In 

reality it would be very difficult to pay out compensatíon to every farmer who loses pest 

control benefíts from RIFA. Therefore, CBA under this criterion only examines the 

potentíal, and accrues the benefits and costs of a project to society as a whole. Another 

problem is that all preferences must be valued by markets, whereas extemalitíes are not 

intemalized. The relevance of potentíal Pareto superiority to the current problem is that 

CBA will determine whether or not society is presently in a state of Pareto optimality. 

Figure 3.1 illustrates the possible positíon of society witfi the use of the Edgeworth box. 

The Edgeworth box represents the utility levels of two individuals, in this case gainer 

and loser. The axes represent the two goods which satisfy the two individuals, RIFA 

control and other goods. The inside of the box is filled with indifference curves for gainers 

and losers, denoted by the superscripts G and L for gainers and losers, respectively. The 

point where two indifference curves are tangent represents a Pareto optímal positíon. The 

series of these points identifying Pareto optimal positíons create an expansion patfi called a 

consumption contract curve, which is the diagonal line from the lower left comer to the 

upper right comer. If the present combinatíon of approaches to control RIFA yield the 

satísfaction level A, Pareto optímality is not present. This indicates that both individuals 

could reallocate their consumption to point B, providing the gainer witfi an increase in his 

utility level without decreasing the loser's utility level. 
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Gainer 

Loser 

Other Goods 

Figure 3.1- Pareto optimality with RIFA control. 
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In the same line of tfiought, CBA indicates whether society is presentfy close to a 

Pareto optimal position or needs to re-allocate its resources and tfius become more efficient. 

If tfie benefits of controlling RIFA are less than the cost of controlling it, tfien society is 

probably near a Pareto optimal position. However, if the benefits of control outweigh the 

costs, then society could move toward a point on the consumption contract curve which 

indicates tiie Pareto optimal position. The development of a benefit-cost ratio of greater 

tfian one implies that a Pareto optimal has not been achieved and that it is possible for 

society to move closer to efficient use of resources. A benefit-cost ratio of one or close to 

one indicates that society could not signifícantiy benefít by reallocating resources. 

Identifving and Ouantífying Costs and Benefits 

The development of a CBA for RIFA's economic impact in Texas requires that all 

possible costs and benefits be included in the study. To include all of these costs and 

benefíts in the CBA, each should be identified and quantífied. This section presents tíie 

conceptual analysis of costs and benefits to a society which is associated with RIFA. 

A graph consisting of demand and supply curves serves to illustrate the effects of 

RIFA on society. In Figure 3.2, the supply and demand for goods and services, such as 

medical services, which are affected by RIFA are illustrated by S' and D', respectively. 

The vertical axis represents the price society pays for the goods and services that are 

affected by RIFA. The horizontal axis represents the quantity of goods and services 

affected by RIFA in tiie market. If no RIFA are present in the state, the respective 

equilibrium price and quantity are given by P and Q. However, the introduction of RIFA 

wiU cause the demand for medical treatment to increase to D". The shift in tíie demand 

curve from D' to D" causes the equilibrium price and quantíty to increase to PRIFA and 

QRIFA, respectively. The shaded area on the graph indicates the increased price of goods 

and services affected by RIFA and increased quantity of goods and services affected by 
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Priceof 
goods and 
services 
affected 
byRIFA 

Added quantity and price 
from RIFA iníestation 

fiUÁ. Quantíty of goods and 
services affected by RIFA 

Figure 3.2- Cost of RIFA infestatíon. 
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RIFA. The supply curve is highly elastic because it is doubtful that a RIFA infestatíon 

would cause a large increase in the supplied quantíty of RIFA remedies. The same 

principle also applies to the producers' side of the market. Producers of certain 

conunoditíes benefit from the infestation of RIFA. The benefíts accme to individuals who 

produce crops and livestock that are perennially attacked by insect pests. RIFA prey on 

some of these pests, thereby, reducing the amount of artificial control required by tfie 

producer. If the producer saves resources that would otherwise be used for artificial pest 

control, he/she may chose to re-allocate those resources to increase output. Figure 3.3 

iUustrates how the production side of the market is affected by RIFA infestations. 

As RIFA causes the producer of a commodity, such as cattie infested with ticks, to 

spend less on pest control, the producer begins to re-allocate the resources he was 

previously spending on tick control to some other input such as feed. When tfie extra 

resources are spent on feed instead of tíck control, the supply curve shifts from S' to S". 

The new supply curve lowers the price from P to PRJFA a^d the quantity increases from Q 

to QRIFA-

The concepts of consumers' and producers' surplus provide a basis for identifying and 

quantifying benefits and costs. As in Figure 3.2, any good that is placed in higher demand 

because of the infestation of RIFA is classifíed as a damage. The monetary value of that 

damage can be valued by the increased price level. The concept in Figure 3.3 explains that 

any good from which the producer saves resources because of a RIFA infestation is a 

benefít. Of course in the CBA benefíts and costs must be aggregated, thus providing the 

decision maker(s) with the total effect of RIFA in Texas. 
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Price of goods 
and services 
affected by 
RIFA 

Added quantity and reduced 
price from RIFA infestation 

S' 
S" 

/ \ Quantity of goods and 
Q Q services affected by RIFA 

Figure 3.3- Benefít of RIFA infestatíon. 



CHAPTER IV 

METHODS AND PROCEDURES 

This chapter describes the methods to be used in accomplishing tiie objectives 

described in Chapter I. The methods and procedures are standard budgetíng techniques 

employed in a typical cost-benefít analysis (Anderson and Settle). 

The fu-st objective was to identify and estimate the benefíts of RIFA's presence in 

Texas. To accomplish this objecrive, sources were obtained to identífy the benefíts caused 

by RIFA in Texas. Most of the information was obtained from literature on RDFA written 

by entomologists. When information on benefíts was not available from literature, it was 

obtained from producers in Texas. 

The fu-st step in identifying and estimatíng RIFA's benefíts in Texas was to determine 

which benefits can be recognized. Because Texas has a diverse agricultural climate, many 

crops which are benefítted by RIFA are grown in the state. The literature describing the 

known benefits of RIFA was reviewed, and benefit levels were applied to Texas 

agricultural productíon. 

The benefits of RIFA's presence in Texas are realized through the predatíon of insect 

pests that are harmful to agricultural production. No other substantíal economic benefíts 

have yet been identified. RIFA is known to prey on insect pests such as bollworms, 

Heliothis zea Boddie, sugarcane borers, and lone star tícks. To determine the economic 

gain from RIFA's presence, the level of predation on each of these pests was estímated. 

Within most of the literature the estimatíon of these predatíon levels resulted from 

controlled fíeld experiments. 

Crops having primary insect pests preyed upon by RIFA were determined from the 

literature and RIFA experts. The amount of each crop grown in RIFA-infested areas was 

obtained from the Texas Agricultural Statistics Service (1985). The amount of each 
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affected crop and respectíve countíes was entered into the microcomputer spreadsheet 

software Microsoft™ Excel. Data were placed in columns and summed to determine tfie 

amount of each RIFA-affected crop grown in RIFA-infested Texas counties. 

It was assumed for estimation purposes that tfie amount of benefíts received by 

producers from RIFA's presence was equal to the amount of money saved by reduced pest 

control which was originally used when RIFA were not present. Likewise, the amount of 

money saved on pest control was determined by that amount of the pest population reduced 

by RIFA predation. For example, if RIFA reduces the pest populatíon to below tfie 

economic threshold level, the farmer is assumed to save his pest control cost. 

Once each crop's acreage for each county infested by RIFA had been summed, the 

pest control resultíng from RIFA was applied to each crop. Three values for each pest 

control scenario were derived. First the expected (most likely) value for each benefít 

situatíon was estímated. AIso estimated was the worst possible outcome and tfie best 

possible outcome. These values were used to account for risk and uncertainty, and will be 

discussed in depth later in this chapter. Each benefit category was summed to determine 

tfie total benefíts to Texas. 

The second objective was to identífy and estimate economic costs or damages resulting 

from RIFA in Texas. Like the benefíts, most of the cost information was taken from 

literature. However, some information was procured from individuals in Texas affected by 

RIFA in ways that have not been documented. 

The fu"st step in identifying and estimating costs associated with RIFA's presence in 

Texas was to determine which damages documented in the literature were actually 

occurring in Texas. Because Texas has such a wide variety of agricultural enterprises, the 

damages in Texas are potentíally high. However, only the crops in the RIFA-infested areas 

of the state were considered. This limited the scope of damages considered in the study. 



27 

Damages or costs from RIFA's presence occur when the insect destroys property or 

lowers the standard of living. Although damage categories include both tangible and 

intangible types of damage, only the damages which can be valued monetarily were 

considered in this study. However, many intangible damages were also discussed. 

Damage types were assigned to columns in a spreadsheet. The quantity of goods 

affected by each type of damage for each county was entered into the columns and 

summed. The sum of each column provided the total value of goods affected by RIFA in 

Texas. In cases where RIFA is known to cause damage to property, tfie total damage was 

the product of the dollar value of destmctíon per unit and the number of damaged units in 

Texas. The number of damaged units in the state was estimated from the number of units 

known to be in the infested areas. 

Figure 4.1 lists the defínitions of benefíts and costs. In tfie first stage of the project 

(Stage I) the benefits and costs result from those activitíes in which RIFA prey on insect 

pests or physically damage property, respectively. After values for those categories were 

compiled, the benefits and costs were transfonned for use in the calculation of the benefit-

cost ratio. Assuming costs were greater than benefits, the net difference between the sum 

of costs and benefits in Stage I were defíned as the benefits in Stage II representing the 

prevented damage. The cost of suppressing RIFA is represented as the costs in Stage 11. 

Computatíon of the Benefit-Cost Ratío 

The benefit-cost ratio will be calculated from the benefits and costs in Stage 11 of 

Figure 4.1. The formula for the benefít-cost ratío is: 
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Stage I 

Stage II 

Benefits Costs 

Beneficial predation 
directiy attributed to 
RIFA. 

Prevented damage 
by controlling RIFA. 

Damages dh-ectly 
attributed to RIFA. 

Cost of suppressing 
RIFA. 

Figure 4.1- Two stages of benefits and costs for RIFA 
infestation and control. 
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Z^{\^d)^ 
B _t=o . ̂  

Z^(i+^)^ 
t=0 

where B represents tiie sum of benefits discounted over tíme, C represents the sum of costs 

discounted over tíme, t represents individual tíme periods, d represents the discount rate, 

and n represents the study's time horizon. The benefits and costs for the project are 

discounted for the year in which they accme. The sum of the discounted benefits is tfien 

divided by the sum of the discounted costs. If the benefit-cost ratio is greater than one, the 

cost of a suppression program for RIFA can be justified as economically feasible. 

Probabilistíc Computatíons 

One of the principal aspects of this study is to compute the probabiHty level of the 

potentíal outcomes from the benefit-cost ratío. The probability of each outcome (expected, 

high, and low) can be calculated with the use of a probability density functíon and integral 

calculus. This procedure requires that a probability distribution be computed for each 

benefit and each cost component of the economic analysis. The use of a probability 

distribution allows the analyst to define the range of values possible for a partícular 

component. The distributíon is characterized by a mean and a variance calculated from the 

benefit and cost estímates. After the probability distributions have been generated, they are 

transformed into a measure of economic performance, which is the benefit-cost ratio. 

The probability distributíon for this study was selected to best represent the actual 

distributíon of costs and benefits. The type of distribution selected will be discussed later 

in tfiis chapter. Altfiough objective distributíons (those based on historical data) are more 

reliable than subjective distributions, they are not always available. However, when an 
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objectíve distributíon is not available, the use of a subjectíve probability distribution is 

preferred to the absence of not accounting for risk and uncertainty. 

Computíng the outcome probability requires three possible values for each input 

component (e.g., benefits and costs): an expected value, an optímistic value, and a 

pessimistíc value. These values were elicited from literature and experts working witfi 

RIFA infestatíons. The expected value is the value tfiat is likely, on the average, to occur if 

tfie event is repeated a number of times, under similar conditíons. The optímistíc value is 

tfie maximum benefit (or minimum cost) tfiat could be reahzed if "everything went right." 

This assumes schedules are met, costs are minimized, and control measures work 

optímally. The pessimistíc value is the minimum benefit (or maximum cost) tíiat could be 

realized if everything did not go right. 

Once the three parameter estímates were prepared it was possible to determine the 

mean and variance. The unique feature of this method is that it gives the decision maker 

not only the mean and variance, but the entire probability function also. An important 

responsibility at this stage is to determine the shape of the distributíon. There are several 

subjectíve distributions that qualify for use in this analysis. The triangular, gamma, 

Weibull, and normal distributíons are examples. This study assumed a gamma distribution 

because its parameters must be greater than one. This is suitable for benefit-cost ratios 

because costs and benefits are generally non-negatíve (Goicoechea, Krouse and Antle). 

The functíonal form of the gamma distribution is: 

X ^ _ L r(ocB+ac)y(«B-i) , 
s(v) — — + — r(aB)r(ac)6aB6acLí^B 6cJ 

B C 

1 n-(aB+ac) 

0 < a , 6 

where a and 6 are the scale and shape parameters, respectívely. F is the constant and the 

scripts B and C are notatíons for benefits and costs, respectívely. To calculate tíie outcome 
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of this function, the mean (//) and the variance (a^) must be known. The formula for the 

computatíon of tíie mean is: 

mean (JJ.) = expected value . 

This foUows the assumptíon that the expected estímate for each outcome will be tíie average 

effect of RIFA. The variance for the function is computed as: 

variance (O^) = [(1/5 (maximum estimate-minimum estímate)]2 • 

This formula uses the maximum and minimum estímates for each event to calculate the 

variance. 

Employing the calculated means and variances, a and B can be computed for tfie 

gamma function in the following way: 

&i = CiV^i a i = / l i / 6 i i=BorC . 

Substítuting the values 63» Bc. otB. and a c into the functíon g(y) above yields the gamma 

probability density functíon for the benefit-cost ratio as described by Goicoechea, Krause 

and Antle. 

Integratíng the function g(y) over the limits of zero to infinity yields a value of one, 

indicatíng that it is a tme probability functíon. However, the advantage of the use of this 

functíon lies in its ability to determine the probability of the benefít-cost ratío falling below 

one. To determine this probability, the functíon is integrated over the limits zero to one. 

The probability obtained from the integratíon indicates that if the project were repeated 

numerous tímes, the decision maker could expect that costs would exceed the benefits an 

estímated percentage of the tíme, whereas a conventíonal benefít-cost ratío may indicate 

acceptability of a project when the benefít-cost ratío exceeds one taking risk and uncertainty 

into account may reflect an undesú^ble project overall. 
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Damages and Benefits from RIFA 

RIFA has been recognized as a damaging pest to many types of property and life 

(Lofgren). RIFA possibly creates more economic consequences than any other insect in 

tíie southem states because of its diversified foraging and dwelling habits. To accurately 

compute tfie benefit-cost ratío, the scope of the damages and benefits must be assessed as 

precisely as possible. 

To organize tfie discussion of R FA losses, data was divided into four basic 

categories: 1) public health; 2) agriculture; 3) wildlife and environment; and 4) 

miscellaneous damages. Following the arrangement in the Lofgren report on RIFA 

damages. These four categories are used to represent all aspects of RIFA damage and 

allow division of tfiem into manageable groups for discussion and analysis. Public health 

concems vary from stíngs to allergic reactíons from the stíngs. Some cases of ant attacks 

involving allergic reactíon have been deadly to humans (Lockey). It has been documented 

tfiat RIFA is an agricultural pest to many types of products. The agricultural damages span 

mortality of livestock to crop losses and equipment damages (Lofgren). Wildlife and 

environmental losses occur when game animals are attacked and killed. Miscellaneous 

damages include infestatíons in urban and public areas such as parks and golf courses. 

Some of these damages are associated with residentíal dwellings and commercial buildings. 

An example of this type of damage is the destmctíon of electrical components in houses 

(Summerlin). 

Benefits from RIFA in Texas accrue to cotton growers and cattle raisers. Benefits of 

the absence of control of agricultural pests such as the cotton bollworm or the lone star tick 

were analyzed. Some intangible benefits to urban and mral areas such as control of disease 

carrying insects recognized but not analyzed. 



CHAPTERV 

DAMAGES FROM RIFA INFESTATION 

RIFA damages many types of propertíes and commodities present in Texas. As 

discussed in Chapter IV, the damages are categorized into four general categories: 1) 

public healtfi; 2) agriculture; 3) wildlife and environment; and 4) miscellaneous. Each type 

of damage will be identified, discussed, and quantífied where possible. 

Public Health 

Perhaps the point of greatest irritatíon to the general public from RIFA's presence is its 

medical impact. One ant can sting a person or animal many tímes. RIFA stíngs by 

attaching its mandibles to the prey and inserting its stínger as it rotates its abdomen, leaving 

many injuries (Rhoades). A buming sensatíon develops from the stíng resulting in its 

common name, Red Imported Fire Ant. The sting of RIFA results in blister-Iike pustulates 

that typically last from a few days to a week. Other injuries are anaphylaxis (shock from an 

allergic reactíon) and infection of pustulates. RIFA has been linked to a few human deaths 

in which people are extremely sensitive to RIFA's venom (Lockey). When multiple stíngs 

occur, the sensitíve individual suffers an allergic reactíon which can be serious in some 

cases. 

Four studies have been published reporting the reactions and the percentage of people 

being stung. Adams and Lofgren reported on surveys taken in 1981 and 1982 of residents 

of Sumter County, Georgia, and a military base in Ft. Stewart, Georgia, respectívely. 

Approximately seven tenths of one percent (0.007) of the residents of both locatíons 

required medical treatment from RIFA stíngs. However, because not all of the potentíal 

respondents were aware of the insect that injured them some of the RIFA stíngs may have 

not been recorded. 
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RIFA has plagued public and private locatíons in Texas for many years. School 

grounds and parks are among the locations where the pest is considered to be of greatest 

nuisance. Many home-owners have attempted to suppress RIFA as evidenced by the 

increased purchase of chemical controls and baits (Mulder, 1987). Also, many state park 

administrators are using chemical control for picnic and camping areas infested with RIFA. 

The 1985, Texas populatíon in RIFA-infested countíes is estímated to have been 

13,190,200 people (U.S. Census Bureau). According to Adams and Lofgren, the number 

of people that can be expected to be stung each year is approximately 32 percent of those 

living in RIFA-infested areas, or about 4,220,864 individuals in Texas. From Adams and 

Lofgren, the estímated number of people requhing medical treatment is approximately one 

percent of the populatíon living in RIFA-infested areas or 131,902 individuals. The 

Surgeon General of the U.S. Army valued an outpatient visit at $60.00 in 1986. 

Therefore, the expected cost for persons living in the RIFA-infested areas of Texas in 1986 

doUars is $7,914,120. Adams and Lofgren estímated the highest and lowest treatment rates 

of persons living in infested areas and requiring medical treatment were 1.3 and 0.7 

percent, respectively. This would represent the treatment of 171,472 and 92,331 people 

for the highest and lowest expected treatment levels, respectively. Therefore, the least 

expected cost (optímisric value) for medical treatment of persons living in RIFA-infested 

areas of Texas is estimated to be $5,539,884, whereas, the highest expected cost 

(pessimistic value) for medical treatment of persons injured by RIFA in Texas is estimated 

to be $10,288,356. 

It is important to note that these esrimates are based on outparient visits only because 

the incidence of other reacrions was too sporadic to account for their costs. Non-monetary 

healtfi costs that RIFA imposes on people should also be discussed. Whether RIFA's stíng 

is considered to be life threatening, painful, or merely an irritarioh, this insect's sting has 

impacted society in ways which cannot be valued in dollars. People's outdoor freedom 
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may have been limited by RIFA. For example, state parks and school playgrounds are 

places where RIFA are likely to interfere with recrearional acrives. Although it would be 

extremely difficult to accurately assign a monetary value to the public's loss in urility, tfiere 

is a certain decrease in the quality of people's lifestyles who are Hving in RIFA-infested 

regions. 

Agrículnire 

RIFA probably has its largest value impact on agriculture in Texas. RIFA's 

detrimental characteristics in agriculture range from foraging on crops to destmcrion of 

machinery. This section describes those damages and their dollar loss to Texas. Each 

damage will be applied to Texas agricultural production. 

Impact on Soybean Yields 

More than 190,000 acres of soybeans are grown in RIFA-infested regions of Texas. 

Documentation of RIFA damage to soybean f:u-ming operations is substanrial. Damage in 

soybean productíon is twofold in nature. First, RIFA workers attack germinatíng soybean 

seedlings and roots of maturing plants causing stunted growth and termination of the plants 

in some cases. Secondly, yield losses occur because of mound interference preventíng 

proper harvest of soybeans. 

Damage to germinaring seedlings and to maturing plants was reported by Adams et al. 

(1983). The authors experimented with two test plots of soybeans to determine RIFA 

effects on plant growth and development. They established RIFA feeding habits through 

radioactíve labeling techniques and observatíon of damaged plants and seeds. The authors 

stated that yield losses caused by RIFA feeding were as high as 33 percent in one location 

and 20 percent in another. RIFA fed on roots of young plants as well as reducing plant 

density by approximately 20 percent. Because of their crop phenology, soybeans are more 
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vulnerable to RIFA feeding than other crops. During the soybean planting season and early 

growth stages of productíon, R FA undergoes food stress because of producing sexual 

brood and worker production. Therefore, because RIFA are opportunistíc feeders, the 

soybeans are a likely target. 

Lofgren and Adams tested plots of soybeans at four different locations in Georgia and 

North Carolina. The lowest losses caused by RIFA feeding were recorded at 4.4 percent 

and the highest at 20.8 percent with an average of 17.17 percent. Incomplete harvest of 

soybeans was reported to occur if the harvestíng combine operator raises the header bar 

over the mounds to protect his equipment. Additíonal losses occurred if tfie combine 

operator allowed the header bar to hit the mound directly, pushing dirt over tfie soybean 

plant in the row beyond the mound. 

In another experiment conducted by Adams et al. (1977), yield losses from mound 

interference were recorded to be 3.24 percent. However, only one locatíon was tested and 

adverse growing conditíons existed for the different fíelds. Adams et al. (1976) reported a 

4.2 percent yield loss from a similar experiment under uniform growing conditions. 

However, upon contactíng the Texas Agricultural Extension Service, it was discovered that 

RIFA does not present this type of problem in Texas. The type of soybeans grown in 

Texas produce their fmit high enough on the plant stalk that combine blades stay clear of 

the mounds. 

Soybeans are grown on 191,300 acres in the RIFA-infested region of Texas. In 1985, 

soybeans were valued at $4.75 per bushel (USDA) and the average productíon of soybeans 

in the RIFA-infested region of Texas was 25 bushels per acre (Texas Agricultural Statistics 

Service, 1985). Adoptíng the results reported by Adams et al. (1983), the damage levels 

are: an optímistícally low value of 4.4 percent (Lofgren and Adams), a pessimistically high 

value of 33 percent and an expected value of 20 percent (Adams et al., 1983). Thus, given 

an average acreage yield of 25 bushels per acre, value of $4.75 per bushel of soybeans. 
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and estimated damage levels of 33,4.4 and 20 percent, the highest estimated value of RIFA 

damage is $7,496,569, the lowest estimated value of RIFA damage is $999,543, and the 

expected estimated damage is $4,543,375. 

Impact on Corn Productíon 

The impact of RIFA on corn production in Texas is limited because most of tfie com in 

Texas is grown on the High Plains where there are no damaging infestatíons of RIFA. 

However, there is some production of corn in the eastern portion of the state where RIFA 

populations are high. The RIFA-infested region of Texas produced 58,371,808 bushels of 

com in 1985. Glancey, Coley, and Killebrew reported that RIFA caused damage to com in 

Mississippi. In their experience with RIFA-infested corn, substantíal losses in plant count 

had occurred. They discovered that RIFA entered the field of corn via floodwaters from a 

nearby river. The ants infested the field and destroyed or mutílated a considerable number 

of com plants. Upon noticing that some of the plants in his field were dying, the producer 

discovered that the inside of the plants were pervaded with RIFA. A comparison of plants 

foraged to plants not foraged by RIFA led to the conclusion that RIFA were indeed the 

cause of the destruction. The authors marked off plots and estimated the damage. Plant 

counts indicated an average loss of 63.4 percent. The owner of the field estímated a 25 

percent loss and the plant pathologist estimated a 35 percent loss. 

Losses caused by RIFA to corn in Texas are complicated in nature as in many states. 

Glancey was contacted to determine the frequency of attacks. He indicated tfiat no studies 

had been done to show how frequently this type of damage occurs. Because this study 

deals with potentíal damages the literature will be used as it is. However, according to Bob 

Cooper of the Texas Agricultural Extension Service in Harris County, no notíceable 

damage occurs in Texas corn-producing regions from RIFA. Therefore, no damage values 

were developed for RIFA infestations in Texas com productíon. 
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Damage to Wheat Harvesting Combines 

RIFA has been reported to cause damage to wheat in the two ways similar to tfie 

damage recognized in soybean production. First, RIFA mounds are sufficient obstacles 

that combine blades must be elevated in some fields to go over the tops of tfie mounds. 

This causes yield loss in the area between the bottom of the combine blades and the 

ground. Secondly, when the blades strike the mounds they are damaged by the dirt and tfie 

impactof the mounds. Adams et al. (1976) and Adams et al. (1983) documented these 

effects from RIFA-infested wheat fíelds in North Carolina. 

A Texas wheat producer and farm implement dealer was contacted to determine how 

RIFA affects wheat in Texas (Coufal). Although RIFA does not cause a yield loss from 

mound interference, it does cause damage to combine machinery during harvest. The most 

common variety (Bob Cooper) of wheat grown for harvest in Texas is hard red winter 

wheat number 8. This type of wheat produces most of its fruit at the top of the plant, and 

tfierefore combine blades can be kept suffíciently high to avoid a majority of the mounds. 

However, some mounds are struck during harvest, and cause damage to header bars as 

reported in the Adams et al. (1976) study. 

Wheat grown in Texas was estimated to be 5,850,000 harvested acres in 1985 (Texas 

Agricultural Statistícs Service, 1985). Of those acres, 1,537,800 are grown in RIFA 

quarantíned countíes (Texas Agricultural Statistics Service, 1985). Adams (1977) reported 

that the added cost of repairing RIFA damage to combines used in infested fields is 

expected to be $184.00 per season. It is assumed that Texas wheat producers use similar 

harvestíng machinery and techniques as those used by North Carolina wheat producers. 

According to producers, the least likely amount of damage is $50.00 for the removal of 

tumulus from the combines and down-time. Tumulus is the combination of soil and other 

inert materials from the RIFA mounds. The worst damage which will occur is the 
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destruction of the header bar which costs $265.00. The estímated number of combines 

operatíng in the RIFA-infested area, assuming one combine per 1,000 acres, is 1,538 

(Coufal). Therefore it is assumed that the highest, lowest and expected values of damage 

to wheat harvestíng machinery in Texas per season are $265.00, $50.00 and $184.00, 

respectívely. The product of the number of combines in the infested area and tfie individual 

high, low, and expected damage estimates provides the respectíve total damage estimates 

for wheat productíon in Texas. The least amount of damage expected to occur from mound 

interference is $76,900 and the highest is $407,570. The expected loss from mound 

interference is $282,992. Although an insignifícant amount of wheat is lost from 

inadequate harvestíng, damage to the equipment caused by RIFA mounds is substantial. 

Damage to Hay Harvestíng Equipment 

RIFA has been reported to cause damage to hay harvestíng equipment in much the 

same manner as damage to wheat and soybean harvestíng combines. In the eastem region 

of Texas, RIFA has infested some hay fíelds with as many as 400-500 mounds per acre 

(Mulder, 1988). According to Coleman Locke, a south Texas rancher, RIFA causes 

considerable damage and creates obstacles to hay harvesting machinery. RIFA also 

disturbs and stings field laborers when repairing machinery and storing hay. 

Although no documentatíon is available on the economic or biological effects of RIFA 

on hay production, for the purposes of this study producers were contacted to assess 

damage levels from RIFA. The state's most intensive hay production occurs in tfie Upper 

Coast and Coastal Bend regions of Texas where RIFA are abundant. Roy Lee Walker, a 

custom hay harvester, indicated that RÎFA damage to hay harvesting machinery was 

directly related to the number of mounds present in the fíeld. He estímated that on the 

average hay harvesters spend 10 percent more on hay harvestíng costs when RIFA are 

present than when they are not present. He estimated the least amount of added cost is 5 
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percent and tfie most added cost is 20 percent. These increased costs represent total costs 

of harvestíng hay. These estímated damage values were confirmed by Locke. 

According to Walker, damage occurs when the hay cutting device strikes a RDFA 

mound causing the blades to become bent or broken. Other costs caused by RIFA damage 

are down-tíme of machinery, mechanical damages, bent prongs on the hay rakes, as well as 

additional labor costs. According to Walker, the cost for blades per acre is approximately 

15 cents. This value is derived from the cost of cuttíng blades on the disc-mower 

conditíonerl Without RIFA the blades' average cutting life should be about 50 acres. 

However, RIFA causes a substantíal reduction in the longevity of the blades. 

According to the Texas Agricultural Extension Service (1985), the cost of harvesting 

dryland hay in RIFA-infested areas is $80.00 per acre. This harvestíng cost does not 

reflect the presence of RIFA. The total number of harvested hay acres in the RIFA-infested 

region of Texas is 2,346,000. The expected loss in the hay industry is derived as the 

product of the expected increased cost for harvesting in RIFA-infested acreage, the total 

hay acreage (i.e., 2,346,000 acres), and the cost of harvesting dryland hay ($80.00 per 

acre). Therefore, based on Walker's and Locke's estimates of increased hay harvesting 

costs when RIFA is present, the expected value of the damage caused by RIFA to the hay 

industry in Texas is $18,768,000. The highest and lowest estimated cost in the state from 

RIFA damage to the hay industry are $37,536,000 and $9,384,000, respectívely. It 

should be noted that the dollar value of RIFA irritation, which can cause lack of 

productivity by workers, is not quantified in this study. 

Damage to Potato and Sweetpotato Production 

Adams, Banks, and Lofgren reported that RIFA damaged the quality and yield of 

potato tubers in Florida in 1987. The study showed that losses ranged between 12 and 26 

1 A disc-mower conditíoncr is a harvcsting implcmcnt dcsigncd lo cut hay and prcpare it for baling. 
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percent witfi a mean rate of 17 percent. RIFA enters the potato tubers and forages on it 

leaving the tuber exposed to rotting. Rottíng tubers result in losses in yield grade tfius 

lowering the value of the crop. 

According to the Texas Agricultural Statístícs Service (1985), there were 1400 acres of 

harvested potatoes in the RIFA-infested region of Texas in 1985. Each acre of potatoes is 

estimated to be valued at $1254.00. The average yield per acre was 220 cwt. and tfie 

average price per cwt. was $5.70. Therefore, the total value of potatoes in the RIFA-

infested region of Texas was $ 1,755,600. Because the expected loss per acre is 17 percent 

of the yield, the expected value of the damage to Texas potato productíon is $298,452. The 

lowest expected damage value is a 12 percent loss of yield resulting in a total loss of 

$210,672. The highest expected loss is 26 percent of the crop resultíng in a $456,456 loss 

in value. The estímates are derived as the product of the estimated loss the total acres of 

potato production, the average potato yield per acre, and the average price per cwt. 

Sweetpotatoes are also damaged by RIFA (Wilson and Eads). Although they are not 

mentioned in the Adams, Banks, and Lofgren study, they are damaged in a similar manner 

(Wilson and Eads). Therefore, the same damage estimates will be used. Texas producers 

harvested approximately 7700 acres of sweetpotatoes in 1985 in the RIFA-infested region. 

Each acre of sweet potatoes was valued at $2418.00. The yield per acre was 130 cwt. and 

the price per cwt. was $18.60. Therefore, the total value of sweetpotatoes in the RIFA-

infested region of Texas in 1985 was $18,618,600. Inflictíng yield losses identícal to 

those used for potatoes on the total value of sweetpotato production in Texas resuhs in 

expected, highest, and lowest values for damage of $3,165,162, $4,840,836, and 

$2,234,232, respectívely. 
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Damage to Honey-Producing Bee Colonies 

Texas honey producers and other beekeepers could potentially experience great losses 

from RIFA if tfie ant is not controUed near bee colonies. Several beekeepers in the RIFA-

infested area of Texas were contacted and reported RIFA infestations in tfieir bee yards. 

Producers who had experienced infestatíons typically reported losses in their honey 

productíon. Williams et al. observed that RIFA attacked females and brood of leaf-cuttíng 

bees, Megachile integra and M. mendica mendica (Hymenoptera: Megachilidae). Females 

of the species were harassed and driven away by RIFA and 15 of tfie 18 observed pupae 

cells were not completed by the females or were uncapped and emptíed by RIFA. 

Although no documentation exists on RIFA damage to the honey bee, Apis mellifera 

(Hymenoptera: Apidae), producers in the central Texas area reported similar damage to 

their bee colonies. 

Robert Sullivan of Austin, Texas, displayed examples of damage resultíng from bee 

colonies infested with RIFA (see photographs 5.1 and 5.2). Photograph 5.1 shows a 

brood screen after RIFA has decimated the hive. Photograph 5.2 shows a comparison of a 

normal brood screen and one foraged by RIFA. The normal screen is shown on bottom. 

The ants build their mounds such that contact witfi tiie hive boxes is made. From tfie top of 

tfîis mound RIFA crawl into tfie box openings and are able to reach tfie bees and tfieir wax 

brood screens. The fire ants are attracted to the box for several reasons (Ann Sorenson). 

In prolonged periods of dryness, RIFA will move to the nesting boxes of honey bees to 

forage on the brood and workers of the colony because of decreased altematives for 

foraging in other areas. During unusually wet periods, RIFA will seek dry places such as 

bee nestíng boxes. 
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Photograph 5.1- Honey Bee Brood Screen after RIFA Foraging. 
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Photograph 5.2- Comparison of Nonnal and RIFA Foraged Honey Bee Brood Screens. 
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Robert Sullivan and other honey producers near Austín observed tfiese types of 

pattems in RIFA actívitíes. Most producers which were contacted reported that RIFA wiU 

typically build tfieir mounds within three days of first appearing in tfie bee yard. Once tfie 

fu-e ants have established a mound in contact with the bee hive, tfiey decimate tfie hive 

within 24 hours, leaving it useless for honey production. Because of RIFA's presence, the 

beekeeper is required to make more frequent colony inspections in an effort to protect the 

hives. Additíonal costs required to protect colonies include modifícation of hive boxes to 

make them inaccessible to RIFA. In most instances the hive boxes are elevated by various 

means to make them too high for RIFA to reach with their mounds (Mulder, 1988). 

Although protection can be accomplished by setting the hives on blocks or legs, RIFA can 

still reach the hives by crawling up the blocks or legs on which the hive might be placed. 

Some producers also use trapping paper to entangle the legs of ants thus preventing them 

fromentering the hive (Mulder, 1988). 

Costs to producers in lost receipts for honey productíon due to RIFA are estimated 

using producer data. The types of costs are threefold: 1) forfeited honey production, 2) 

loss of bees and colonies, and 3) protectíon measures for colonies. The value for each of 

these costs was estímated using data provided by producers in the REFA-infested region of 

Texas. 

Lost honey productíon from fire ant foraging presents a major loss for beekeepers. 

The average number of hives lost to RIFA is approximately 5 percent (SuIUvan). The least 

amount of damage is one percent and the most is 7 percent (SuIIivan). In 1986, Texas had 

approximately 117,000 honey bee colonies producing an average of 62 pounds of honey 

per colony. The average price of honey in 1986 was 52 cents per pound (Texas 

Agricultural Statístics Service, 1988).Assuming that 50^ percent of the state's honey 

production occurs in the quarantined region of Texas (i.e., 58,500 colonies), the expected 

2 Becausc no statislics are rccordcd for couniy honcy produciion, ihc produclion is assumed to be 
evenly distributed on a geographical basis. 
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value of lost production is $94,302 or 5 percent of the value of production. The least 

amount of damage is $18,860, and the most damage is $132,023 representing 1 percent 

and 7 percent, respectively, the value of honey productíon in the RIFA-infested area of 

Texas. 

The value of damage to the bee colonies is estimated from producer data. Estimated 

damage to a hive from RIFA decimation is approximately $50 if all brood screens are 

affected (Sullivan). This damage is difficult to quantífy, however, because tfie damage 

does not always destroy the screens. Another form of equipment damage is to tfie bees 

tfiemselves. After being harassed by RIFA for a time, the queen bee will frequently leave 

the colony (Sullivan). AIso, RIFA will typically kill workers and fíeld bees. The 

replacement cost for the queen and other bees of one colony is approximately $27 

(SuUivan). Therefore, the cost for replacing the lost queen and bees, and destroyed screens 

($50) is estimated to be $77.00. If these losses occur to 5 percent of the colonies in Texas, 

the expected damage to bee colonies is $225,225. The highest and lowest value of 7 and 1 

percent damage cause $315,315 and $45,045, respectívely. 

Costs for protection measures for bee colonies can be estimated from the most popular 

control measures used by beekeepers. The most popular method seems to be using cinder 

block bricks to elevate the colonies at least 12 inches from the ground (Mulder, 1988). 

This method makes it difficult for the ants to build their mound high enough to reach the 

colony. Cinder block bricks cost approximately $1.29 each. Two bricks are needed for 

each colony resultíng in a cost of $2.58 for each colony. Assuming that 50 percent of 

beekeepers in the RIFA-infested areas use the cinder block or some other equivalent 

method, the total cost of RIFA protection measures is $75,465. This value is assumed to 

represent the high, low and expected costs for prevention of RIFA damage. Altfiough this 

estimate is cmde it may be conservative consideríng observatíons made on field trips during 

the study. 
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Considering tíie loss of honey production and bees, damage to colonies, and the cost 

of protectíng tfie colonies from RIFA, the expected total cost to Texas honey producers is 

$394,992 (i.e., $94,302, + $225,225 + $75,465). This value is computed by adding tfie 

lost honey productíon, lost queen bees and wax screens, and colony protectíon costs. The 

highest and lowest antícipated costs are $522,803 and $139,370, respectively. 

Wildlife 

Damage to wildlife consists primarily of RIFA predatíon on newbom fowl and 

mammals. Several Texas ranchers have registered complaints to the Texas Department of 

Agriculture about the reductíon in wildlife populations since the introductíon of RIFA 

(Mulder, 1987). The leasing of rural land for the purpose of huntíng makes a significant 

economic contribution to many Texas counties. According to the 1988-1989 Texas 

Ahnanac, tfie huntíng industry generated $146 million to the state economy in 1986. 

Masser and Grant reported that an average of 11.9 percent of small mammals caught in 

live traps were killed, apparently by RIFA, over a 5-week sampling period. They reported 

a low mortality rate of 5.6 percent and a high of 21.4 percent. These experiments were 

designed only to determine whether mammal mortality in live traps was decreased by 

making more frequent checks of the traps. However, the results of the study confirm 

reports to the Texas Department of Agriculture that RIFA is responsible for some wildlife 

mortality. 

Another study on RIFA predation of quail chicks was reported by Travis (1938). He 

found that RIFA entered fractured eggs upon their hatching and killed the chicks before 

they could escape. Records from this study also indicate that RIFA in many cases harass 

the quail mothers until they abandoned their nests. Travis reported on observations of quail 

nests over a 14-year period, summarizing that a percentage of nests were either destroyed 

entírely or in part by RIFA. The mean destrtictíon rate of nests in the study was 6.5 
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percent witíi the high rate being 9.2 percent and the low being 1.2 percent. In a paper 

presented to the Third North American Wildlife Conference Travis stated "It is a well 

established fact that certain ground-nesting birds have diminished in numbers from tíie 

regions heavily populated with fire ants." In a letter to Dr. David Koeppe at Texas Tech 

University, Mr. T.W. Powell, a State Fire Ant Advisory Board member, states "...we 

found a deer staggering around blinded by fíre ants." Given the fíndings of Masser and 

Grant and Powell's statement, it is assumed that the impact to quail nests extends through 

all wildlife components. Although a crude estimate, many ranchers and other 

agriculturalists contacted for this study estimated a loss from RIFA to wildlife 

approximately equal to Travis' fíndings. 

The economic consequences of wildlife mortality due to RIFA is diffícult to measure. 

For the purposes of this study, it is assumed that the distribution of hunting leases is 

concentrated in the RIFA-infested region. Assuming that 60 percent of the hunting leases 

are located in the RIFA-infested countíes, the income from hunting to the state in 1986 was 

$87,600,000.^ The data from the Travis study estimated average, high and low destmction 

of quail nests to be 6.5, 9.2, and 1.2 percent, respectively. Assuming that these 

destmctíon rates hold for wildlife, and that the amount of wildlife is directiy related to the 

demand for hunting, then one means by which the the economic loss may be estimated is to 

reduce the RIFA-infested area hunting industry income by the percentage that the wildlife is 

reduced. The expected value of this reduced demand is $5,694,000 or 6.5 percent of 

$87,600,000. The high value for losses to the hunting industry was estímated to be 9.2 

percent of $87,600,000 or $8,059,200. The lowest expected loss amounted to 1.2 percent 

of $87,600,000 or $1,051,200. These values are sensitíve to the actual amount of hunting 

3 This assumption is bascd on ihe gcographical layout of ihc siaic. The most heavily wooded areas of 
the state are locaied in thc RIFA infcsicd rcgion. Thcsc arcas arc morc conducive to wildlife and frequent 
hunting. 
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leases m tfie RIFA-infested area of Texas. However, due to tfie geographical feature of tfie 

state most of tfie land suitable for hunting is located in the eastem corridor of the state. 

Miscellaneous 

Electrical Damages 

RIFA have a natural attractíon for components and devices which process or regulate 

the flow of electricity (Vinson, personal communicatíon). Photographs 5.3 and 5.4 show 

how RIFA's attractíon for electrical current may cause problems. Photograph 5.3 shows 

RIFA clustering on the insulator of a post supportíng an electric fence. Photograph 5.4 

depicts RIFA infestíng an electrical circuit breaker. Altfiough it is unknown exactíy why 

the ants are attracted to electricity, RIFA inhabits many devices such as tfiermostats and 

traffic signal flashers. Their presence within these devices has resulted in eitfier 

malfunction or destmction of the electrical wiring scheme. 

Fire ants have been found to infest virtually all types traffíc signal boxes in the 

eastem regions of Texas. The ants enter the boxes and chew tfie insulation from the wiring 

with their mandibles, leading to short circuits and possible malfunctíons of the signal. 

Damage to signal boxes in Texas is significant. The State Department of Highways and 

Public Transportatíon does not currentiy have an effective method of controlling RIFA and 

its damage. Messer, Vinson, and Brouwer estimate that there are approximately 15,000 

traffic signal boxes in Texas requiring repairs due to RIFA damage. They estimate that the 

1986 cost of repairing RIFA damage was approximately $600,000. This cost does not 

address the potential tort liability claims tiiat could result if a traffic accident is caused by a 

malfunctioning light damaged by RIFA. 

Anotíier area in which RIFA damages electrical devices is in residential dwellings. 

Any outdoor and some indoor components are subject to attack by RIFA. One such device 
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Photograph 5.3- RIFA clustering on an electric fence insulator. 
Photograph courtesy USDA-Veterinary Toxicology and 

Entomology Research Laboratory 
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Photograph 5.4- RFFA infesting an electrical circuit breaker. 
Photograph courtesy USDA-Veterinary Toxicology and 

Entomology Research Laboratory 
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is tfie tfiermostat that controls central air conditioning systems found in a majority of Texas 

homes. The RIFA travels through the walls invading the wall box that houses the 

tfiermostat. The ants tend to crawl through the mercury switch and get caught when it is 

activated. This causes tfie thermostat to bum-out because the mercury switch cannot 

disengage when signaled. The estimated cost of replacing a thermostat is approximately 

$29 for tfie device and an additional $36 for the service call to replace it (Gibson). Data 

from the U.S. Census Bureau indicates that there are approximately 3,016,026 residential 

dwellings with central air conditioning in Texas. A conservatíve expected estímate is tfiat 5 

percent of the residences in Texas will require repair to electrical systems during the year 

due to RIFA (Summeriin). The expected damage for the state in 1986 was $9,802,085. 

Assuming an infestatíon level of 3 percent for the lowest estimated damage, the cost of 

replacing tfiis portion of the state's themiostats would total approximately $5,881,251. 

Assuming an infestation level of 8 percent for the highest estimated damage the 

representative cost for the state's residents is $15,683,335. These values result as the 

product of the $65 service fee and the percent of residents needing repair. 

Rural water wells are also found to be subject to attack by REFA. In much the same 

way as air conditioning switches are affected, the ants have infiltrated the pump switches 

causing them to malfunctíon. The number of rural water wells in Texas is 329,218 (U.S. 

Census Bureau). The breakdown on the cost for repairing RIFA damage to water wells is 

$16 for the pressure switch and a minimum $35 for a service call (Barton). Because RIFA 

damages both urban air conditioners and rural water well units in the same manner, it is 

assumed that the expected, high and low damage levels are 5, 8, and 3 percent, 

respectively. Therefore, expected damage is $839,506. This value is derived as the 

product of the $51 repair fee and 5 percent of the wells. The lowest esrimated damage is 

$503,704, and the highest esrimated damage is $1,343,209. 
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The extent of the RIFA's damage on electrical systems is not fully known, but from 

estimates conducted in previous research and from available data, the total expected value 

(1986 dollars) of the damage amounts to $11,241,591 on an annual basis. The lowest 

expected value of damage is $6,984,955 and the highest expected damage to electrical 

components is $17,626,544. These values are derived as the sum of RIFA damage to 

residential thermostats, water well pressure switches, and traffic signal boxes. Altfiough 

tfie damage caused might be prevented by controlling the ant, it is difficult to estimate tfie 

effectiveness of control in sparially distant locarions. 

Damage to Golf Courses 

Golf courses in Texas provide a major recreation source for many individuals. The 

geographical characteristics of the land in the eastern and central parts of the state are 

conducive to golf courses. Greens-keepers at many Texas golf courses have been 

attempting to suppress RIFA since its introdiiction into the state. The warm cHmate and 

abundant moisture in the RIFA-infested counties cause golf courses to be a popular 

colonizatíon site for RIFA (Mulder, 1987). R FA mounds are not only dangerous and 

destmctíve to golf course turf but are unsightly as well. RÍFA also cause irritation to 

golfers because of their ability to sting. 

Although the irritation to golfers was not estimated in monetary terms, tfie expected 

cost to control RIFA on golf courses is approximately $1800 per season (Kubesch). Most 

golf courses treat RIFA mounds regularly to prevent any build-up of colonies that would be 

destmctive to tíie turf The lowest reported control cost was esrimated to be approximately 

$600 (Haile). The highest expected cost was approximately $2700 (Kubesch). Golf 

courses rarely allow RIFA colonies to reach the size that would cause course destmcrion. 

There are currently no statistics for the number of golf courses in each county in 

Texas. Therefore, an estímate of 2.5 golf courses in each county was made based on tíie 
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survey of golf course greens-keepers for this study. There are 121 RIFA-infested counties 

in Texas. Assuming tíiat there are 2.5 golf courses in each county, there are approximately 

303 golf courses in the RIFA-infested countíes of Texas. Assuming that the expected cost 

to control RIFA on a golf course is $1800 per season, tfie total expected cost for controlling 

RIFA on Texas golf courses is $545,400. This value is computed as the product of the 

number of courses and the expected cost for each course. Assuming that the highest and 

lowest estimated costs to control RIFA on a golf course are $600 and $2700, respectively, 

the lowest estímated cost is $181,800, and the highest estímated cost is $818,100. It is 

important to note that the damage to most golf courses is recognized tfirough increased cost 

rather than physical property damage. 

Total Damage toTexas 

The total estimated RIFA damage to the state of Texas is summarized in Table 5.1 to 

simplify tfie analysis. The type of damage is listed with its corresponding expected (most 

likely) damage, highest (pessimistic) proposed damage, and lowest (optimistic) proposed 

damage. The total expected damage in Texas resulting from RIFA's presence is 

$51,948,084. The highest proposed damage is $88,052,434 and the lowest proposed 

damage is $26,802,556. 
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Type of Damage 
Medical 

Agriculture 

Soybean production 

Wheat production 

Hay production 

Potato production 

Sweetpotato production 

Honey production 

1 
Expected 

7,914,120 

4,543,375 

282,992 

18,768,000 

298,452 

3,165,162 

394,992 

Damage in DoIIars 
Highest 

10,288,356 

7,496,569 

407,570 

37,536,000 

456,456 

4,840,836 

522,803 

Lowest 
5,539,884 

999,543 

76,900 

9,384,000 

210,672 

2,234,232 

139,370 

WildUfe (Hunting leases) 5,694,000 8,059,200 1,051,200 

Miscellaneous 

Electrical 11,241,591 17,626,544 6,984,955 

Golf courses 545,400 818,100 181,800 

TOTAL 52,848,084 88,052,434 26,802,556 
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BENEFITS FROM RIFA 

Altiiough Red Imported Fire Ants cause damage to people and property, some 

beneficial aspects from RIFA are realized from their predation on insect pests. Some of 

RIFA's benefits to producers of agriculmral commodities will be discussed and quantified 

within this chapter. 

RIFA's economic benefits have been documented for several crops, including com, 

cotton, alfalfa, sugarcane, and cowpeas (Reagan, Cobum, and Hensley; Reilly and 

Sterling, Russell). RIFA also provide benefits to producers of livestock by controUing 

lone star ticks. The only benefits which are economically significant to Texas producers 

are those of cotton and cattie (Sterling, 1988). The other crops mentioned are eitfier not 

produced in large enough quantities or the pest on which RIFA preys is not economically 

important in Texas. Research reports have documented that in cotton, RIFA reduces the 

populations of cotton fleahoppers, Pseudatomoscelis seriatus Reuter; boIIworms//e/ií?r/i/5 

zea Boddie; tobacco budworms, Heliothis virescens Fabricus; and boU weevils, 

Anthonomus grandis Boheman (Sterling, 1978). Photograph 6.1 shows RIFA mounds 

built under cotton plants. It has also been documented that lone star tick {Amblyomma 

americanum Linnaeus) populations have been diminished by RIFA (Fleetwood, Teel and 

Thompson). 

RIFA Benefits from Predation of Cotton Pests 

The benefits to cotton producers from RIFA are fourfold. The bollworm, tobacco 

budworm, boll weevil, and cotton fleahopper represent the major cost in pest control and 

yield loss to cotton producers in Texas (Steriing, 1988). SterUng et al. reported that RIFA 
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Photograph 6.1- RIFA mounds built under cotton plants. 
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is an effective predator of boll weevils in eastem Texas cotton fields. They indicate tfiat 

boll weevils caused no economic loss in 11 (from 1975 to 1986) years due to mortahty 

attributed primarily to RIFA. This loss level is significant because no chemical control 

measures were used. It is estimated that boll weevil infestations cost U.S. cotton 

producers approximately $54 miUion in 1980 (USDA). The boll weevil is perhaps tfie 

most serious pest threat to cotton in Texas. Sterling et al. performed an 11-year experiment 

in eastem Texas by monitoring boll weevil field populations which were not treated with 

insecticides. They reported tfiat boU weevils must damage 15 to 25 percent of the cotton 

buds to inflict economic loss. If damage reaches tfie 15 percent level, tiiey recommend that 

control measures be taken. During their tests, damage from boll weevils reached the 

economic injury level in only one year. Similar boU weevil populations were monitored in 

a related study by Jones and Sterling in 1979. However, Mirex® was used to remove 

RIFA from tiie plots. Given tfiat the fields were free of RIFA, approximately 39 percent of 

the cotton bolls were damaged in the trial. Other evidence has been compiled to corroborate 

these fmdings by Fillman and Sterling, and Sturm and Steriing, and Sterling, 1978. 

RIFA are also known to prey on Heliothis spp., the bollworm and the tobacco 

budworm. Like the boll weevil, the Heliothis spp. cause significant damage to cotton in 

Texas. McDaniel and Sterling studied the predation by RIFA on eggs of the Heliothis spp. 

in an eastem Texas cotton field. The eggs were radiolabeled before placing them into the 

field so that predators could be identified. The mean predation on eggs ranged from 48 to 

90 percent within 24 hours after placing them in the field. One trial resulted in a 100 

percent predation rate. RIFA were identified to be the primary predators in these tests. 

According to Sterling et al., RIFA should be considered a major predator on cotton pests 

where the ant is abundant. 

The forth major pest that is preyed upon by RIFA is tfie PseudatomosceUs seriatus 

Reuter, tfie cotton fleahopper. Breene, Steriing and Dean studied tfie predators of 
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fleahoppers. Of the non-spider predators of fleahoppers, RIFA was found to be the most 

effective. Radiolabeling was not used to monitor predatíon rates because it was judged not 

to be reliable in this study. However, ant predation was monitored using liquid 

scintíUatíon. RIFA workers captured fleahoppers and retumed tfiem to tfieir colony for 

digestion by larvae. 

Estímatíon of Benefits of RIFA on Cotton 

The benefits of RIFA for cotton producers was estimated using the Texas Cotton 

Insect Model (TEXCIM) developed by Hartstack and SterUng. TEXCIM is a 

microcomputer program designed to simulate insect populatíon effects on the growtfi and 

yield of cotton in Texas. The program computes cotton yield based on weather, insect 

pest, predators, insecticide use, and irrigatíon. The program is designed to assist farmers 

in making decisions conceming pest management and other cotton productíon decisions. 

The computer program allows the decision maker to simulate cotton productíon and predict 

final yield. The decision maker can run several simulations with different levels of inputs 

to determine how yields wiU vary under altematíve situatíons. 

TEXCIM is programmed in FORTRAN 77 language and is designed to run on an 

IBM® or compatíble microcomputer. After the program has been loaded, a menu will 

appear which takes the user to the input file. Several types of informatíon are requested 

before the model will properly mn. TEXCIM requests the date of the mn, location, type(s) 

of pest, variety of cotton, target yield, estímated value of cotton (price per pound), plantíng 

date and expected harvest date. In addition to tfiis information, tfie model requires a 

weather fíle for tfie specific weather statíon nearest tfie farm, pest count files, predator 

count files and optíonal fhiit load and insectícide files. Most of these additional files have 

been provided with the program. The decision maker can build custom files for his field by 

using an input file editor built into tfie program. For the purposes of this study tfie working 
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files resident in TEXCIM were used in the simulations with the exceptíon of the predator 

file. Several new predator files were developed to vary tfie level of RIFA present in the 

cotton field. 

Using tfie weather file, TEXCIM estimates the degree days for the purpose of 

determining tfie heat units avaUable to cotton. Heat or solar units, as well as moisture, are 

required for cotton growth. After the heat units have been determined, the model can begin 

predictíng the growth pattem of the cotton. As tfie model predicts the growth of tfie cotton, 

the extemal variables such as irrigation, pestícide use and pest/predator populations are 

iterated on a day-by-day basis. 

TEXCIM uses dynamic simulatíon algorithms to determine pest control economic 

thresholds and economic injury levels. The economic injury level is "the lowest pest 

population density that will cause economic damage" (Stem et al.). The economic 

threshold is "the density at which control measures should be applied to prevent an 

increasing pest population from reaching an economic injury level" (Stem et al.). 

The output from the TEXCIM program is given in yield loss, both in lint and in doUars 

based on the cotton price supplied. Otfier information such as crop phenology and 

maturation date are also given. However, only the economic data are important to this 

study. The per acre economic data provided in the results are target yield and actual 

predicted yield. The target yield is supplied by tfie decision maker in the input editor and 

the actual predicted yield is computed by tfie model. 

Various densitíes of RIFA were put into tfie model for TEXCIM to simulate an eastem 

Texas crop. The location of the simulatíons for this study was College Statíon, Texas. 

The simulation was computed based on 1986 weatfier data and tfie seed variety for tfie 

cotton was TAMCOT®. The first simulation computed was without RIFA in the field or 

zero ants per plant. The target yield for the field was assumed to be 750 pounds per acre. 

TEXCIM computed the actual predicted value for harvest at 611.85 pounds. The 138.15 
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pounds of lint lost from tfie target were attributed to tfie cotton insect pests: fleahoppers, 

boU weevils, boUwonns, and budworms. The value of the lost Unt is $69.08 or 138.15 

pounds at 0.50 cents per pound. Lint value was determined based on the USDA loan value 

of Strict Low MiddUng 1 1/16 inch upland cotton. 

The expected density of RIFA is 0.2 ants per plant (SterUng, 1988). Given tfiis RIFA 

populatíon, TEXCIM estímated tfiat the actual yield would be 712.97 pounds of Unt per 

acre or 37.03 pounds less tfian the target. The value of the lost Unt was $18.52 per acre. 

Therefore, tfie expected benefit from RIFA's presence can be computed as tfie difference 

between the lost yield witfiout RIFA and tfie lost yield with 0.2 RIFA per plant. The value 

of the expected benefit is $50.56 per acre. Approximately 403,500 acres of cotton were 

grown in the RIFA-infested area of Texas in 1986. Therefore, the total expected benefit to 

cotton producers given that 0.2 RIFA occur per plant in tfie RIFA-infested are of Texas is 

$20,400,960. 

The highest estímated benefits of REFA's predation on cotton pests were estímated 

using 0.3 ants per plant (Sterling, 1988). Using TEXCIM it was estímated that the actual 

yield would be 722.50 pounds of lint per acre, and that the value of the lint gained witfi tfiis 

density of RIFA compared to not having RIFA was $55.35. This estímatíon was derived 

as the product of the volume of lost Unt and the price per pound. This highest expected 

density of RIFA yields a total benefit to Texas cotton producers of $22,333,725. The 

lowest expected density of RIFA is estímated to be 0.1 RIFA per plant (SterUng, personal 

communicatíon). Using TEXCIM it was estimated that the actual yield would be 687.85 

pounds of lint per acre, and the value of the added lint from RIFA predation would be 

$38.00 per acre. This value yields a total benefit to cotton producers of $15,333,000. 

These values are estímated to be the benefits gained by cotton producers based on tfie 

numbers of RIFA in their cotton fields. It is important to note tfiat higher densitíes of RIFA 

could increase predation even more. 
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RIFA Benefits to Cattle Producers 

The second major benefit of RIFA's presence in Texas is its predatíon on the lone star 

tíck, Amblyomma americanum Linnaeus. The lone star tíck is one of tfie most 

economically significant tíck species in Texas (Ervin, Moffitt, and Myerdirk). Although 

tfie tíck is annoying to man and most types of animals, tfie most quantifiable damage in 

dollars is to catde. Prior to tfie introductíon of RIFA, lone star tícks were prevalent among 

cattle herds in Texas, Louisiana, and Missouri (Reagan). After RIFA-infested Texas and 

Louisiana, tfie populatíons of lone star ticks began to decrease (Reagan). Oklahoma and 

Missouri currentíy contínue to have control difficultíes with the tick. RIFA are not present 

in either of these states at significant levels. 

The benefits to Texas cattle producers were estímated using data provided in a study 

by Fleetwood, Teel and Thompson. They found that areas of Texas with substantial RIFA 

densities had noticeably fewer lone star ticks. 

Estimates of the benefits to Texas cattie producers was derived from data from that 

study. Average annual control cost per cow-calf pair was estimated by Bamard, Ervin and 

Epplin to be $5.24 and the estimated number of cow-calf pairs in the RIFA-infested area of 

the state was 3,346,000 in 1985 (Texas Agricultural Statístics Service). Thus using tfie 

control cost developed and the estimated threshold level of lone star tíck on beef, the total 

expected benefits to Texas cattíe producers is $18,266,640. The highest estimated value is 

the same as the expected because of the economic threshold used in tíck control. A 

computer simulatíon model does not exist for lone star tícks so the tested thresholds 

documented by Bamard, Ervin, and Epplin are used. It is also important to note that 

pastures are not organized as row crops Uke cotton, therefore, insect scoutíng is more 

difficult. 
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The threshold level determined by Bamard, Ervin and Epplin indicates that an average 

of 26 to 38 engorged female ticks on a cow will cause damage equal to the cost of control 

over a 100-day period. When tíck counts are greater than the threshold, economic injury 

wUl occur. The expected populatíon of RIFA is sufficient to control lone star tíck 

populatíons below the economic threshold (Fleetwood, Teel and Thompson). Therefore, 

higher populations of RIFA would not add to the level of benefits because the tícks would 

aUeady be controlled below the tfu-eshold level. 

The lowest level of benefits from RIFA for cattle producers is estimated to be $0.00. 

This value is estímated fix)m a RIFA populatíon not great enough to provide significant 

control of lone star tícks. Some minimal amount of control may occur with any RJFA 

population, however, the cattle producer should treat the ticks with an acaricide if the level 

of control is not enough to keep the population of ticks below 26 to 38 engorged female 

tícks per animal. 

The estímatíon of lone star tíck populatíons in RIFA-infested areas was determined 

from experts and cattíe producers. Two entomologists, W.L. Sterling and T.E. Reagan, 

along witfi 12 cattíe producers attributed lone star tick control primarily to RIFA in Texas. 

Only 2 of the 12 producers responded that tfiey ever use any type of tíck control; botfi 

indicated that tfiey used it on a preventive basis. 

Total Benefits from RIFA 

The total amount of doUar benefits from RIFA in Texas can be summarized in Table 

6.1 by adding tfie benefits reaUzed by cattfe producers to tfie benefits gained by cotton 

producers. 
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TABLE 6.1: RIFA benefits to Texas agricultural producers. 
Range of benefits in 1986 doUars 

Type of benefit Expected Highest Lowest 

Cotton productíon 20,400,960 22,333,725 15,333,000 

Cattleproductíon 18,266,640 18,266,640 Ô  

TOTAL 38,667,600 40,600,365 15,333,000 



CHAPTERVn 

ANALYSIS 

The analysis of the results of tfie survey of RIFA damages and costs was conducted 

witfi two techniques. First, the benefits of RIFA's presence in the state were evaluated 

with a conventional benefit-cost ratío analysis. Secondly, the probability of completing an 

economicaUy successful RIFA suppression program in the state of Texas was estímated. 

Benefit-Cost Ratíos 

The value of expected benefits from RIFA's presence, presented in Table 6.1, is 

$38,667,600. The expected costs from RIFA's presence (Table 5.1), is $52,848,084. 

Because the costs associated with RIFA's presence were greater than its benefits, RIFA 

may be considered an economic pest to the state of Texas. 

The simple formula for a benefit-cost ratio for one year is: 

B . Benefits from RIFA presence 
C ~ Costs from RIFA presence 

Employing tfiis formula for the presence of RIFA in Texas, the benefit-cost ratio is equal 

to: 

38667600 
U./31/-^2848084 • 

This benefit-cost ratío indicates that in a single year, RIFA creates 73.17 cents in benefits 

for every doUar of damages produced. It is important to note that this value only indicates 

the ratio for a single year. Because no control project is associated with this ratio, the 

benefit and cost values are not discounted. 
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The benefit-cost ratíos of major interest in this study result from incorporating a 

control project to suppress RIFA's presence in Texas. As stated earUer, the formula for a 

benefit-cost ratío over the life of a project is: 
n 

B t=o 
C = ^^ • 7.1 

't 

t=0 

This benefit-cost ratío formula was employed to calculate the benefit-cost ratío for each of 

the tfiree (i.e., expected, highest, and lowesO benefit and cost estímates for controUing 

RIFA in Texas. 

Control cost estímates used in the benefit-cost analysis were obtained from the Texas 

Department of Agriculture (Mulder, 1989). The use of cost estímates presented a dilemma 

in the study because of the nature of a control project on RIFA. Theoretically, to control 

RIFA, an appUcation of some control measure would be necessary throughout the RIFA 

infested area of the state. The govemment would be the manager and possibly the funder 

of such a project as was the case in other studies (e.g. Gardner et al.; Ervin, Moffitt and 

Meyerdirk). Texas Department of Agriculture (TDA) has made use of the chemical Logic™ 

(fenoxycarb) distributed by Maag Chemical, Vero Beach, Florida. The chemical has been 

judged to be effective for long-term control of RIFA by TDA. However, yearly 

applications may be needed to maintain control. 

The cost of Logic to govemment entítíes is $4.75 per pound. With a recommended 

application rate of 1 pound per acre over the 64,919,680 (Dallas Moming News) RIFA-

infested acres in Texas, the cost for chemicals alone is valued at more than $308 million. 

Although tfie additional cost for labor and machinery to apply the control has not been 

defined, it would easily cost $3.00 per acre (Mulder,1989) resulring in an additional cost of 



67 

$192 milUon to control RIFA throughout tfie infested countíes in tfie state. Even witfiout 

tfie consideratíon of economic feasibility for the state, tfie questíon of financial feasibUity 

arises. Economic feasibUity is the principle of optimizing the state's investment or use of 

resources. Financial feasibUity is tfie factor which determines whether tfie state can afford a 

proposed project. Given Texas' total 2-year budget of approximately $6 bilUon, a $500 

miUion project for one year would not be feasible for the state. 

Because a RIFA control project of that nature was determined to be fînanciaUy 

infeasible, a proxy measure of control efforts for Texas was obtained. According to 

Mulder, of TDA the most accurate estimate of Texas' outlays for RIFA control was 

obtained in 1985 by TDA from proprietary informatíon and trade associatíon data. It was 

reported that Texas residents and businesses spent $26,200,000 on RIFA control in 1985. 

The cost break down is approximately $12,000,000 spent by individuals on residentíal pest 

control, approximately $12,000,000 in expenditures on commercial RIFA control, and 

$2,200,000 in control by plant nurseries. Thus, that amount of money actually used to 

control RIFA wUl act as a proxy to measure the cost efficiency of controUing RIFA in this 

state. 

Using the present values of the stream of net costs of RIFA (this becomes the net 

benefits of controlUng RIFA) divided by tfie present values of the stream of actual (proxy) 

RIFA control costs yields the benefit-cost ratío (Equation 7.1). The stream of net benefits 

of control was summed over 8 years. The 8-year tíme span for the project was chosen as a 

reasonable long term pest control project for an insect like RIFA considering other control 

studies (i.e., Ervin, Moffitt and Myerdirk). The benefits estímated and control cost 

obtained from TDA were inflated by 5 percent annually over tfie life of the project to 

account for inflatíon based on recent inflation rates. 

Because proposed high and low control costs were not available, two levels of 

variation (10 and 30 percent) in costs were estimated for use in tfie probabUity function. 
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Thus, Table 7.1 reports the present values of benefits and costs for controlUng RIFA when 

high and low proposed costs are 10 percent ftx)m the expected costs estimated by TDA. 

Appendix Tables A.l tfirough A.3 present tfie data used to create tfiis table. Table 7.2 

reports the present values of benefits and costs for controlUng RIFA when high and low 

proposed costs are 30 percent from the expected contiol costs estimated by TDA. 

Appendix Tables A.4 tfirough A.6 present the data used to create tfiis table. These values 

are substítuted into the probability density functíon developed for this study. 

The values supplied by TDA for state-wide control costs do not represent an effective 

program in reality. The approximately $26,200,000 that Texas residents and businesses 

spend on control represent only a minimal control program to suppress RIFA from causing 

damage to most of tfie items discussed in Chapter V. This unorganized effort to rid homes, 

businesses, farms, ranches, and pubUc properties of RIFA has not retarded tfie spread of 

the insect. However, the value represents what Texans are willing to spend on control, 

making it a reasonable proxy for the cost of a control program. At tfiis level of 

expenditures the program costs exceed tfie lost benefits (net benefits of control), causing 

the benefit-cost analysis to not be a tme measure of effectiveness of a control program. 

Table 7.3 presents the benefit-cost ratios rate developed for the highest, lowest, and 

expected estimates. The benefit-cost ratios wiU not change with different discount rates 

because the change in discount rate is proportional in the numerator and denominator of the 

benefit-cost ratio formula. As shown by the benefit-cost ratios developed for tiie highest, 

lowest, and expected estimates, the program would be a failure economically at the lowest 

and expected level of outlays regardless of the effectiveness of the program. Therefore, 

using control costs of $26,200,000 to analyze the present economic effectiveness of 

private control programs (individual control) is valid. Using TDA's control cost estimate, 

the expected benefit-cost ratio was estimated to be 0.54. This value indicates that for every 

doUar invested in the control program, 54 cents was retumed in benefits. Assuming 10 
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Table 7.1: Present values of benefits and costs considering 10 percent cost variance from 
TDA's estimate. 

Discount Rate 
Control Results 
Expected 

Benefits 
Costs 

Highest Expected 
Benefits 
Costs 

Lowest Expected 
Benefits 
Costs 

5% 

91,651,480 
169,336,175 

306,692,816 
186,269,796 

74,130,181 
152,402,559 

10% 

63,170,221 
116,713,920 

211,386,143 
128,385,315 

51,093,773 
105,042,530 

15% 

44,266,089 
81,786,461 

148,127,356 
89,965,109 

35,803,603 
73,607,816 
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Table 7.2: Present values of benefits and costs considering 30 percent cost variance from 
TDA's estimate. _ ^ 

Control Results 
Expected 

Benefits 
Costs 

Highest Expected 
Benefits 
Costs 

Lowest Expected 
Benefits 
Costs 

5 % 

91,651,480 
169,336,175 

306,692,816 
220,137,028 

74,130,181 
118,535,323 

Discount Rate 
10% 

63,170,221 
116,713,920 

211,386,143 
151,728,097 

51,093,773 
81,699,744 

15% 

44,266,089 
81,786,461 

148,127,356 
106,322,399 

35,803,603 
57,250,523 
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Expected Cost 
Expected 

10% Cost Variance 
Highest Expected 

Lowest Expected 

Table 7.3 - Benefit-Cost Ratios 

30% Cost Variance 
Highest Expected 

Lowest Expected 

Benefit-Cost 
Ratio 

0.54 

1.65 

0.49 

1.39 

0.63 

Interpretation 

54 cents in benefits received for 
every 1 doUar invested in control 
RIFA. 

1.65 doUars received in benefits for 
every 1 doUar invested in control 
RIFA. 

49 cents in benefits received for 
every 1 doUar invested in control of 
RIFA. 

1.39 doUars received in benefits for 
every 1 doUar invested in control 
RIFA. 

63 cents in benefits received for 
every 1 doUar invested in control of 
RIFA. 
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percent variance fîiom TDA's estimate, the highest estimated benefit-cost ratio was 1.65 and 

tfie lowest estimated was 0.49. These benefit-cost ratios indicate that tfie retum on each 

doUar invested was $1.65 and $0.49, respectively. Assuming a 30 percent variance from 

TDA's cost estimate, tíie highest benefit-cost ratio is 1.39 and the lowest 0.63, indicating 

$1.39 and $0.63 should be retumed for each doUar invested, respectívely. 

ProbabiUties of RIFA Control 

As stated earlier, tiie imperfect nature of data gathered for a cost-benefit analysis on a 

control project for a pest such as RIFA makes the consideration of risk and uncertainty 

(R/U) important. To make sound decisions in the presence of risk and uncertainty, pubUc 

planners need a procedure for analyzing tiie level of risk and uncertainty in a public project 

so tiiey can insert R/\J consideratíons into tfieir decision criteria. 

The fu t̂ sectíon of tfiis chapter dealt with traditíonal benefit-cost ratíos and their 

impUcations. This sectíon employs probability density functions to distribute possible 

outcomes of events associated witfi RIFA's presence in Texas (e.g., damages, benefits, 

and control). Under the traditional metfiod the benefit-cost ratio was computed to be 0.54, 

which fails conventíonal B-C ratío criterion for a profitable public investment. The 

traditional method of cost-benefit analysis only considers the expected B-C ratío. 

However, this study recognizes that the outcome for a project such as this, is not likely to 

be deterministíc. The probabalistic approach aUows the consideratíon of more than one 

outcome, in this case the worst possible outcome and the best possible outcome, hence 

referred to as the highest proposed outcome and lowest proposed outcome. 

FoUowing tfie framework estabUshed earUer, expected, high, and low outcome 

estimates for RIFA events were eUcited from knowledgeable sources (e.g., primary and 

secondary data). From these estímates a mean and a variance were calculated for benefits 

and costs according to the foUowing rules: 
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mean value = expected value 

variance (a2) = [ ( i (high - low)]2 • 

Reported in Table 7.4 are estímates of discounted total benefits and costs along witfi 

calculated means and variances. The values in the table were computed using a 10 percent 

discount rate and a cost variance of 10 percent. The values represent the benefits and costs 

(in miUions) taken from tfie data in Chapters V and VI. Employing tfie calculated means 

and variances, alpha and beta values for the gamma distributíons of costs and benefits were 

determined witfi tfie foUowing formulas: 

B B = — 7.2 

6c = — 7.3 

aB = -ê^ 7.4 

OCc = f 7.5 

where subscripts B and C represent benefits and costs, respectívely. Substítutíng the 

values for OLB, OCC, 6B» and 6c, into the foUowing general equation and simplifying yields 

the gamma probability density functíon for the benefit-cost ratío as shown by Goicoechea et 

al. is: 
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Table 7.4: Subiective estimates, means and variances (in miUions/$) 

lowest expected highest mean variance 

Benefits 51 63 211 59 711 

Costs 105 117 128 117 15 
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^f^. ^ • r(aB-Hac)y(aB-l) r y i -i-̂ aB+ac) 
g ( y ) = — R -^R- • 7-6 

r(aB)r(ac)6aBBac L̂ B ^CJ 
B C 

0<a , B 

Substítutíng the values from Table 7.4 into Equations 7.2, 7.3, 7.4, and 7.5, the foUowing 

alpha and beta values were derived: 

6B = 11.285714286 6c = 0.1282051282 

aB = 5.582278481 a c = 912.6 

Substítutíng these alpha and betâ  values into the gamma function (Equatíon 7.6), tfie 

specific probabiUty density functíon for the benefit-cost ratío is: 

g(y) = 918.182 Y(5.5822.1) p ^ _ ^ - | -(917.49) ^ ^ 
^ •̂̂ ^ (5,094.315)(11.054-89)(0.128912.6) Ll2.050 0.128J 

Theoretically, the expected value of this functíon would equal the conventíonal benefit-cost 

ratio of 0.51, however, due to the nature of the data, the last term in the denominator of 

formula 7.6 is a very smaU number approaching zero. Therefore, the actual value of tfiis 

function approaches positive infmity. 

To determine the probability of the benefit-cost ratío falling below one, the equatíon 

(7.7) was integrated over the limits of zero to one on a personal computer. The integer one 

was substítuted for the last term in the denominator because it could not be solved on a 

computer in its present form. Substítutíng one into the last term allowed the computer to 

approach the real solution as closely as possible. Results of the integratíon for this project 

indicated that the probabiUty of tfie benefit-cost ratio being less than one was very close to 

100 percent. In other words, if tfiis project were repeated many tímes, it is expected that 

costs would exceed benefits nearly 100 percent of the tíme. It seems Ukely tfiat given tfie 

1 rounded off for display 
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mevitability of economic faUure, public planners in Texas may wish to avoid any type of 

concerted control, based on the the failure of private control thus far. The outcome would 

be the same for the other levels of costs and discount rates because the data do not change 

enough to affect tfie results of the integration. 



CHAPTERVin 

SUMMARY AND CONCLUSIONS 

The Red Imported Fire Ant presents complex questíons for public decision makers in 

Texas. The question of what to do about RIFA has many facets, requiring consideration in 

tiie economic and environmental reahns. The objectives of this bench-mark study were to 

identify the benefits and damages of RIFA (detemiine whetfier RIFA is a pest or is 

beneficial) and determine the cost of RIFA control. The major objective was to determine if 

controlUng RIFA was feasible and profitable for the state. 

It was estimated that RIFA causes $52.8 milUon in damages to people, agriculture, 

wildlife, and miscellaneous items annually. However, RIFA was also discovered to 

provide $38.6 mUlion in benefits to cotton and cattle producers. The magnitude of tfie 

benefits is also correlated to the relative size of the industries. Because tfie damages of 

RIFA are greater than the benefits, this insect was concluded to be an economic pest. The 

costs for controUing RIFA was found to be too expensive for the state budget and more 

than outweighed the damage of the pesL Therefore, a more reasonable cost estimate (what 

Texans spend on RIFA control) was used. Information obtained from Texas Department 

of Agriculture indicated that $26.2 miUion was spent on RIFA control in 1985 by residents 

and businesses. This was the most reliable estimate available to indicate what Texans were 

wUUng to spend to control RIFA. Although this amount of money did not represent an 

effective control program, it did serve as an economic gauge for a control project. The 

traditional benefit-cost ratio yielded a value of 0.54 indicating that $0.54 in benefits was 

retumed for every doUar invested in a control program. Therefore, even if the control 

program was effective at controlUng RIFA, it would not be economically feasible. 
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An important facet of tfiis study was tfie incorporation of risk and uncertainty (R/U) 

mto the cost-benefit analysis; not much work has been done to incorporate R/U into cost-

benefît work involving agriculture. Through tfie framework provided by Goicoechea et al., 

R/U was factored into tfie benefit-cost ratio using a probabiUty density function (PDF). 

The PDF calculated in tfiis study indicated tfiat controIUng RIFA in Texas, under present 

cû'cumstances, would nearly always be an economic failure. 

Conclusions 

Given that RIFA control is not economicaUy or financiaUy feasible at current levels of 

infestations and control costs, public decision makers in Texas should carefuUy consider 

any action to control RJFA on a state-wide basis. A reallocation of resources to control 

RIFA would benefit Texas if all individuals affected by RIFA would come out better off as 

a result of a state-wide RIFA control project. However, public planners in Texas may wish 

to explore altemative strategies for control. For example, estabUshing biocontrol agents 

which maintain RIFA beneath a certain population density level would be initially costly, 

but may be efficient in the long mn. Altematívely, state planners may want to examine 

more closely the concept of locaUzed rather than state-wide control. In certain 

microeconomic niches suppression of RIFA could be profitable. However, use of public 

resources should be carefuUy weighed to take into account risk and uncertainty when 

deaUng with RIFA. State planners may also want to evaluate any long term control 

program with the possibiUty new control technology or expanded RIFA territories. These 

factors would affect the net benefits of controlUng RIFA. 

An important factor to consider is tfie utíUty of aU individuals affected by RIFA. 

Because it would be difficult to measure and aggregate tfie utílity curves for aU individuals 

in society, it wiU make the decisions for state planners more difficult considering the 

scarcity of state resources. With only cmde estímates of utUity, decision makers have to 
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make their decisions subjectívely if they think tfiey must control this pest because tfiere is 

no net benefit for tfie state by controlUng RIFA. 

Recommendatíons for Further Research 

There are two areas where further research is needed. The first is tfie area of 

profitabUity of RIFA control in an economic microstmcture. These microstmctures could 

include a farm, a business, a state park or a public housing project. The consequences of 

RIFA's presence tend to depend on the settlement locatíon, and therefore, the economic 

occurrences associated with tfie microstmcture should be determined and possibly 

transformed into an economic tool such as a productíon functíon. 

The second area of research is entomological. Many difficultíes were encountered in 

gathering data about RIFA's damages and benefits. Along with behavioral studies by 

entomologists, more work should also be done to determine the physical effects of RIFA. 

This kind of data could be more easily translated into economic terms. More data is also 

needed on the benefits and costs of various levels of RIFA infestations. 
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Table A.l: Yearly costs and present values for 10 percent variance in costs and 5 percent 
discount rate. 

Exnected Highest Lowest 
Control Contt-ol Conti-ol Control Control Contt-ol 

^g^ Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 28,820,000 11,469,556 23,580,000 

1987 14,889,508 27,510,000 49,824,672 30,261,000 12,043,034 24,759,000 

1988 15,633,983 28,885,500 52,315,906 31,774,050 12,645,186 25,996,950 

1989 16,415,682 30,329,775 54,931,701 33,362,753 13,277,445 27,296,798 

1990 17,236,466 31,846,264 57,678,286 35,030,891 13,941,317 28,661,638 

1991 18,098,289 33,438,577 60,562,200 36,782,436 14,638,383 30,094,720 

1992 19,003,203 35,110,506 63,590,310 38,621,558 15,370,302 31,599,456 

1993 19,953,363 36,866,031 66,769,826 40,552,636 16,138,817 33,179,429 
Present 91,651,480169,336,175306,692,816186,269,796 74,130,181 152,402,55^ 
Value 
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Table A.2: Yearly costs and present values for 10 percent variance in costs and 10 percent 
discount rate. 

^ Lxpcct^d H ghest Lowest 
Control Control Control Contt-ol Conttx)! Con -ol 

2SE Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 28,820,000 11,469,556 23,580,000 

1987 14,889,508 27,510,000 49,824,672 30,261,000 12,043,034 24,759,000 

1988 15,633,983 28,885,500 52,315,906 31,774,050 12,645,186 25,996,950 

1989 16,415,682 30,329,775 54,931,701 33,362,753 13,277,445 27,296,798 

1990 17,236,466 31,846,264 57,678,286 35,030,891 13,941,317 28,661,638 

1991 18,098,289 33,438,577 60,562,200 36,782,436 14,638,383 30,094.720 

1992 19,003,203 35,110,506 63,590,310 38,621,558 15,370,302 31,599,456 

1993 19,953,363 36,866,031 66,769,826 40,552,636 16,138,817 33,179,429 
Present 63,170,221116,713,920211,386,143128,385,315 51,093,773 105,042,530 
Value 
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dî count rat "̂̂ ^ °̂̂ ^̂  ^^ present values for 10 percent variance in costs and 15 percent 

I iî̂ XPCytfft Hiyhest Lowest 
v*.o ^^"^^ Cono-ol Contt-ol Contt-ol Contt-ol Contt-ol 
- ^ Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 28,820,000 11,469,556 23,580,000 

1987 14,889,508 27,510,000 49,824,672 30,261,000 12,043,034 24,759,000 

1988 15,633,983 28,885,500 52,315,906 31,774,050 12,645,186 25,996,950 

1989 16,415,682 30,329,775 54,931,701 33,362,753 13,277,445 27,296,798 

1990 17,236,466 31,846,264 57,678,286 35,030,891 13,941,317 28,661,638 

1991 18,098,289 33,438,577 60,562,200 36,782,436 14,638,383 30,094,720 

1992 19,003,203 35,110,506 63,590,310 38,621,558 15,370,302 31,599,456 

1993 19,953,363 36,866,031 66,769,826 40,552,636 16,138,817 33,179,429 
Present 44,266,089 81,786,461148,127,356 89,965,109 35,803,603 73,607,816 
Value 
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Table A.4: Yearly costs and present values for 30 percent variance in costs and 5 percent 

JiiP££l£ll Highest LOWgSt 
Control Contt-ol Control Contt-ol Conttol Contt-ol 

JL£E Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 34,060,000 11,469,556 18,340,000 

1987 14,889,508 27,510,000 49,824,672 35,763,000 12,043,034 19,257,000 

1988 15,633,983 28,885,500 52,315,906 37,551,150 12,645,186 20,219,850 

1989 16,415,682 30,329,775 54,931,701 39,428,708 13,277,445 21,230,843 

1990 17,236,466 31,846,264 57,678,286 41,400,143 13,941,317 22,292,385 

1991 18,098,289 33,438,577 60,562,200 43,470,150 14,638,383 23,407,004 

1992 19,003,203 35,110,506 63,590,310 45,643,658 15,370,302 24,577,354 

1993 19,953,363 36,866,031 66,769,826 47,925,841 16,138,817 25,806,222 
Present 91,651,480169,336,175306,692,816220,137,028 74,130,181 118,535,323 
Value 
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Table A.5: Yearly costs and present values for 30 percent variance in costs and 10 percent 
discount rate. *- r 

^xnectpH Highest î^owest 
Conti-ol Conti-ol Conttx)l Conttol Conti-ol Conti-ol 

JÍSE Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 34,060,000 11,469,556 18,340,000 

1987 14,889,508 27,510,000 49,824,672 35,763,000 12,043,034 19,257,000 

1988 15,633,983 28,885,500 52,315,906 37,551,150 12,645,186 20,219,850 

1989 16,415,682 30,329,775 54,931,701 39,428,708 13,277,445 21,230,843 

1990 17,236,466 31,846,264 57,678,286 41,400,143 13,941,317 22,292,385 

1991 18,098,289 33,438,577 60,562,200 43,470,150 14,638,383 23,407,004 

1992 19,003,203 35,110,506 63,590,310 45,643,658 15,370,302 24,577,354 

1993 19,953,363 36,866,031 66,769,826 47,925,841 16,138,817 25,806,222 
Present 63,170,221116,713,920211,386,143151,728,097 51,093,773 81,699,744 
Value 
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Table A.6: Yearly costs and present values for 30 percent variance in costs and 15 percent 
discount rate. 

Expected HlSllCSt LftWCSt 
Control Conti-ol Contix)! Conti-ol Contix)! Conttol 

Year Benefits Cost Benefits Cost Benefits Cost 

1986 14,180,484 26,200,000 47,452,069 34,060,000 11,469,556 18,340,000 

1987 14,889,508 27,510,000 49,824,672 35,763,000 12,043,034 19,257,000 

1988 15,633,983 28,885,500 52,315,906 37,551,150 12,645,186 20,219,850 

1989 16,415,682 30,329,775 54,931,701 39,428,708 13,277,445 21,230,843 

1990 17,236,466 31,846,264 57,678,286 41,400,143 13,941,317 22,292,385 

1991 18,098,289 33,438,577 60,562,200 43,470,150 14,638,383 23,407,004 

1992 19,003,203 35,110,506 63,590,310 45,643,658 15,370,302 24,577,354 

1993 19.953,363 36,866,031 66,769,826 47,925,841 16,138,817 25,806,222 
Píiiim 44,266,089 81,786,461148,127,356106,322,399 35,803,603 3/,z:)U,3z3 
Value 
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