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ECONOMICS OF INTEGRATED PEST MANAGEMENT: AN INTERPRETIVE REVIEW OF THE
LITERATURE

Bruce A. McCarl

PREFACE

For a term and concept that was virtually unrecognized 10 years ago,
integrated pest management (IPM) has leaped with amazing rapidity to the
forefront of agricultural activities in many regions. The fact that it is
not without merit nor free of controversy has doubtlessly contributed to
its speedy emergence from obscurity.

IPM as a concept, or a group of concepts, stems from agricultural
science wrestling with the challenge of designing evermore effective tech-
niques for protecting crops from a host of antagonistic pests. Added to
biological shifts--resistance of some species to chemical applications--
have been social and economic evolutions that argued for expansion and
innovation in the scope of crop protection practices.

A body of literature, not surprisingly, has emerged. One segment,
economic analysis of IPM, forms the basis for this review and appraisal.

The ordering of sections somewhat reflects the author's inquiry pro-
cess as he perused the literature. The first sections are general, offer-
ing definitions involved, background to development of integrated pest
management (IPM), and an overview of issues involved. A literature review
follows, concentrating on economic aspects of IPM. The final sections
appraise the literature and suggest future research.

Several other documents serve some of the same purposes as this report:
the annotated bibliography created at U.S. Department of Agriculture by
Osteen, Bradley, and Moffet [1980]; the lists of references which arose
from Darwin Hall [1975], Virginia Polytechnic Institute (obtained from
Harry Baumes) and Marshall Martin (Purdue). There also are literature
reviews on diseases (Carlson and Main [1976]) and systems analysis
(Ruesnick [1976]).
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SECTION I

WHAT IS IPM? 

SOME DEFINITIONS 

Integrated pest management (IPM) labels a concept obviously referring

to management of pests in an integrated fashion. However, within this broad

framework, many different meanings can be, and have been, inferred to minim-

ize confusion. Therefore, a single precise definitionis needed. Examining

components of the term integrated pest management can help in arriving at a

suitable working definition.

A pest, according to Woods, [p. 1] is an organism which harms man or his

property or is likely to do so. Further, the harm must be damage of economic

significance. This far-reaching definition includes not only insects, but also

weeds, animals, fungi, microorganisms, and viruses, any of which can cause crop

damage. Excluded are those organisms involved with animal health as treated

by veterinarians, human health as treated by physicians, or food spoilage as

dealt with by food microbiologists. The definition, adopted herewith, coin-

cides with a large segment of IPM literature.

The next term, management, infers the act or manner of managing, con-

trolling, directing, etc. Managing implies, in this context (again referring

to Woods), man's action is intended to ameliorate the harm caused by pests.

However, in the broader view, management also embraces the judgmental process.

Therefore, pest management defines a process aimed at amelioration of pest-

caused harm, but where man exercises the decision over whether to apply ameli-

orating action. This broadened focus implies an active search for information

as to whether control should be undertaken, but permits inactivity if control

appears unnecessary.

Integrated signifies the act of putting or bringing together parts into a

whole, and, in this case, the combining of various pest management techniques.
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Lastly, the setting in which IPM occurs, the farm, must be considered. A

farm is a complex production entity utilizing multiple inputs (land, labor,

fertilizer, pest contols, etc.) to produce multiple outputs as influenced

by the farm environment (weather, pests, general economic conditions, etc.).

Pest management necessarily must integrate with the total farm equation.

Therefore, "integrated" here refers to both the use of (potentially) mul-

tiple pest methods and the integration of these control methods into the

total farming system.

The overall definition thus developed states that: integrated pest

management considers any and all combinations of various techniques for the

management of weed, insect, disease, and animal pest problems within the con-

text of the farming system.

COMPARISONS WITH OTHER DEFINITIONS 

Adoption of this definition leads to a comparison with other definitions.

Rather than cite alternative definitions (virtually every IPM paper in the

attached bibliography contains one), the following material compares view-

points and cites possible reasons for differences.

First and fundamentally, the definition above permits consideration of

any pest management technique. Pesticides are included. Historically, many

IPM definitions have stressed non-chemical controls or excluded pesticides.

Certainly, a major reason for IPM's prominence hinges on the desire to avoid

environmental damage. However, IPM, in some circumstances, may be accomplished

most effectively using shortlived specific pesticides in conjunction with other

techniques.

Second, other definitions of IPM have (as implicit in the discussion

immediately above) tended to confuse the objectives of IPM with the concept.

These definitions state, in general, that "IPM is the use of pest management

techniques in an environmentally and economically sound manner." Although

the concept is consistent with IPM practice, the environmental and economic

aspects are objectives and, therefore, point out how optimal choices should

be made. The definition used herein explicitly defines IPM independent of

objectives, so all pest management techniques will be considered.



Third, the definition above includes in its scope weeds, insects, diseases,

and animals. Many previous definitions, particularly those related to the eco

nomic literature, explicitly or implicitly, have concentrated on insects only

for several suggested reasons: a) insects, being mobile with multiple genera-

tions, require repeated treatments; b) insects, and the damage they cause, are

far more readily evident and not as subtle as weed-caused problems; c) insects

have shown ability to rapidly develop resistant strains that invalidate some

control techniques; d) insecticides, generally more toxic, create more problems

and economic externalities; e) repeated attack by environmentalists was slower

to arrive on the weed scientists' doorstep; and, f) insect data are more avail-

able.

Fourth, the adopted definition involves neither eradication of pests nor

living with pests. Rather, the definition involves the management of pests

under which these actions are alternatives.

Fifth, the definition used herein encompasses pest management regardless

of whether the problem is caused by one or many weeds, insects, or diseases.

Thus, weed problems, insect problems, and/or disease problems, either in con-

junction or in isolation, fit under this definition.

ECONOMICS OF IPM IN AGRICULTURE 

Assuming IPM as defined, there follows a narrowing of focus to review

economic elements, as well as a confinement to agriculture. Inquiries into

other areas occur only as necessary to develop background. Finally, the scope

here certainly reflects a subset of economics and will assume that:

1. Fundamentally, the decision at the farm level involves what control

to use from a set, and how to apply it given timing and intensity

possibilities. Subjects such as the development of response curves

for pest kill or plant growth are not explicitly covered and are

assumed known a priori. Stress falls on the management decision.

2. Fundamentally, the aggregate topic of interest is: what impacts

will certain pest-related actions (policies, regulations, and

technology development, improvement, or dissemination) have upon

the economy.



SECTION II

WHY DOES IPM EXIST?

Numerous reasons underlie the recent arrival of integrated pest Manage-

ment as a prominent topic of interest among agricultural scientists. The prin-

cipal reasons hypothesized here include: a) the existence and magnitude of pest

damage, b) the complexity with which pests interact with the farming system,

c) the diversity of available pest control measures, d) the existence of spill-

over effects from controls, e) the predominance of controls relying heavily on

pesticides along with the evidence pointing toward overuse, f) the evidence for

benefits from pest control, g) the uncertainty as to best pest control measure,

h) the recent growth and current prominence of the anti-pesticide movement,

i) the existence of institutions concerned with pesticide use, j) the govern-

mental interactions with pesticide use, and k) the general food and income

situation. Discussion of these points, particularly as they appear to an

economist, follows.

PEST DAMAGE 

Dialogue over pest control would be limited if pests did not cause impor-

tant damage. Various estimates have been proposed which place the quantity

of damage in the United States at approximately 33 percent of the potential

crop production pre-harvest and 9 percent postharvest (USDA [1965a,b], and

Pimentel [1976]). Such losses have led to an interest in pest damage reduc-

tion as a means of increasing food supply. Further, although pest damage

is significant, many feel that pest damage, in percentage terms, has been

increasing (Pimentel [1978]) in spite of pest control efforts (changing

technology may be important). Thus, concerns over pest control are prom-

inent because pests divert production and may be doing so with increasing

efficiency.

In addition to the damage wrought by pests, another item stimulating

emphasis on IPM is the concentration of losses. Assuming that chemical use

relates to pest damage, then data from Pimentel [1978, p. 59] are rather

interesting. Of total insecticide use in U.S. agriculture, 47 percent is on

cotton, 17 percent on corn, 9 percent on fruit, and 7 percent on vegetables.

4
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For herbicides, 45 percent is applied to corn, 16 percent to soybeans, and 5

percent to wheat. For fungicides, 60 percent is applied to fruit, 24 percent

to vegetables, and 11 percent to peanuts. Crop loss, and the pesticide usage

occurring as a result, is concentrated, indicating that efforts on a few crops

may have large payoffs.

PEST INTERACTIONS 

Pests exist within the total farming-agricultural sector context. Ele-

ments of this system (such as pest control measures) discourage pests. How-

ever, other technologies elements--specialization of production, irrigation,

continuous cropping, as discussed in Pimentel [1978]--may tend to encourage

pests. Further, pests interact with each other, with predators, and more

generally, with the environment. These interactions reveal the complex nature

of the pest management decision and the need for applicable information.

PEST CONTROLS

The complexity and extent of the problem necessitate further study of

pest control because of the number of available pest control methods. Though

chemical pest control is widespread, other pest control methods are well recog-

nized. Pesticides have come into prominent use only in recent years, yet pests

have existed for centuries.

Before the chemical era, if pests were managed it was by various methods in-

cluding cultural and manual practices, and/or natural mechanisms. Subsequently,

chemical and biological control methods were introduced. The pests' environ-

ment also may be altered. Cultural pest control consists of methods involv-

ing cultivation (i.e., plowing, post-emergent mechanical cultivation, etc.),

crop selection, and crop rotation. Manual pest control refers principally to

manual pest removal (i.e., weeding, picking pests off bushes). Natural pest

control methods include pest control through predators, pest diseases, or other

environmental factors. Chemical control is the application of pesticides to

control pests. Biological control refers to pest control through actions such

as release of sterile insects, release of predators, development of resistant

crops, etc. The environment is modified by such activities as swamp draining,
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field burning, etc. With this wide variety of pest control techniques, the

key management question remains: Which one should be chosen? This dilemma, and

the fact that the alternatives potentially alter the production system, have led

to the prominence of integrated pest management as an area of study.

SPILLOVER EFFECTS OF CONTROL 

All the pest control measures mentioned have been used in one form or

another. However, in the years since the early 1950s, chemical control has

been prominent. In many cases, particularly those involving chemical control

of insects, a complex interaction has been discovered among pests, control

practices, and the environment. Generally, pest control measures in the short

run have controlled pests. However, in the longer run, pest problems, in some

cases, have increased (Carlson [1977] for evidence). This may have been caused

by changes in crop technology along with the fact that chemical pest control

has promoted resistant pests by killing all but those resistant to the pes-

ticide (Adkisson [1972]), and thus contributed to their own obsolescence.

Chemical controls have affected non-target as well as target species. In

some cases, predator populations (i.e., elements of natural control) have been

reduced. Although resistant predators have survived, they faced a reduced food

supply. Subsequently, when the resistant pest resurges the predator does not

(Feder and Regev [1976]). Therefore, pesticides can reduce the effectiveness

of natural pest controls and lead to outbreaks of resistant pests. Secondary

pest outbreaks also have been caused when the effectiveness of natural controls

on the pest population has been inadvertently reduced by pesticides (Adkisson

[1972]).

Interactions with the environment, however, do not involve solely pests

and their damage. Obeying the natural law that matter is neither created nor

destroyed, residues from some pesticides, particularly insecticides, have

spilled over into the environment, leading to degradation in land and water

quality (Herfindahl and Kneese [1965], or Headley and Lewis 119671). Resi-

dues also have led to human, livestock, and wildlife health problems and have

even reduced production (in rare cases to the point of removing land from pro-

duction). On the other hand, many pesticides degrade or are stabilized rapidly
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into the environment and have had little or no impact other than pest control.

Thus, complex, unanticipated spillovers have led to the importance of IPM as

an area of study.

PESTICIDE OVERUSE 

Such complex interactions have led many to conclude that chemical pest

controls are overused, particularily from the societal point of view (Carson

[1970]. Some control measures are used in a prophylactic manner when a pesti-

cide is applied on a schedule regardless of pest incidence. Such practices,

along with pest resistance, influx of species, predator destruction, and other

spillover impacts, have been cited as evidence on overuse.

One estimate, while reporting that herbicides and fungicides were not being

overused, stated that as much as 50 percent of the insecticide and miticide use

is unnecessary (Von Rumker et al [1975]). In addition, application by aircraft

appears to be especially ineffective (Joyce [1969]).

Overuse has been a major argument in pesticide regulatory actions and the

emergence of IPM. However, overuse is a complex topic. An objective view of

the over-use question should consider the farmer's realized costs and benefits

along with society's costs and benefits. Farmers well may "overuse" from

society's viewpoint, but use the correct amount given their profit and risk

avoidance objectives. Nevertheless, this again leads to interest in IPM.

BENEFITS OF PESTICIDES 

A large share of public anti-pesticide initiative follows the lines of the

above spillover arguments. However, a conclusion that pesticides should not be

used, based on such arguments, ignores a number of factors. Chemical use and

the conduct of IPM, particularly from an economist's viewpoint, must consider

the reasons for pest control's importance.

First, pest problems are increasing, or at least not diminishing. This

arises due to both current pest control practices and the fact that a more con-

ducive environment has been created for pests by current technical practices.

Agricultural practices have changed markedly in recent years. Such practices

as continuous cropping have become more prevalent leading to increased regional



specialization. The genetic stock also has become more uniform. These phenom-

ena, in fact, have encouraged pest problems. Food for pests has been _more

abundant and continuous in supply, mobile pests have been able to move from

treated areas to untreated areas, areawide uniform practices have fostered

resistance, etc. Fertilization, irrigation, early maturation, and crop inten-

sification also have modified the ecosystem, creating an environment more

favorable to pests. Thus, cultural practices, in spite of and along with the

controls, potentially have increased the magnitude of pest problems (Pimentel

[1978], and Carlson 11977] for more discussion and references). Pesticides

themselves have been key factors in allowing the use of many of these "advanced"

practices and these practices, in turn, have been responsible for much of the

recent productivity growth in agriculture.

Pesticides constitute a mechanism for substituting capital for labor and

equipment services in agriculture. Within the context of production theory,

pesticide use should increase rather than decrease given that (Table 1) pesti-

cide prices (agricultural chemicals) have increased at a slower rate than either

labor (wage rates) or machinery services (fuel and energy, tractors, other mach-

inery). In fact, the aggregate usage of pesticides has increased in recent

years (Figure 1).

The increase in pesticide usage not only has been caused by a shift in fac-

tor prices, but also by the productivity of pesticides. Ordinarily, economic

theory would predict that an input would be used until its price equaled the

marginal benefit (in profit) derived from its usage. Estimates of pesticide

productivity, however, have consistently shown productivity three or four times

cost (e.g., Headley 11968], and Campbell 11976]). Pesticides also may be risk-

reducing with farmers using them to reduce income variability. These character-

istics would seem to imply that pesticide use will increase. Thus, pesticides

are profitable for the farmer, yet may have socially undesirable consequences.

The question of optimum use then, is complex and of social importance leading

to much concern with IPM.

Pesticide cost stands as another factor. In terms of variable costs of

production in 1978, pesticide cost constituted 20.5 percent for cotton, 7.4

percent for wheat, 13.5 percent for corn, 12.1 percent for sorghum, 22.1 per-

cent for soybeans, 23.7 percent for peanuts, and 10.3 percent for rice (USDA



TABLE 1.	 Percentage Changes in Prices Paid by U.S. Farmers to December 1980

Changes from

1973
Annual

1974
Annual

1975
Annual

1976
Annual

1977
Annual

1978
Annual

1979
Annual

1980
Annual

1980
Jan.

1980
Apr.

1980
July

1980
Oct.

Wages + 86 + 62 + 50 + 37 + 27 + 19 +	 9 +	 1 +	 7 +	 1 +	 1 0

Feed + 66 + 37 + 42 + 39 + 43 + 45 + 30 + 16 28 + 27 + 19 + 6

Feeder Livestock + 47 + 91 +110 + 83 + 78 + 28 -	 4 0 -	 4 +	 4 +	 4 - 2
Seed + 89 + 47 + 29 + 31 + 21 + 16 + 10 +	 2 +	 7 +	 1 +	 1 0
Fertilizer +142 + 48 + 14 + 34 + 36 + 37 + 26 +	 2 + 11 +	 2 0 0
Agri. Chemicals + 74 + 54 + 14 +	 5 + 17 + 24 + 22 4 + 21 6 0 0
Fuels E Energy +236 +145 +120 +108 + 93 + 84 + 41 3 + 13 + 1 + 2
Farm & Motor

Supplies + 93 + 57 38 + 41 + 40 + 35 + 22 + 13 7 +	 2 2
Autos ? Trucks +115 + 94 + 63 + 47 + 33 + 26 + 14 3 + 11 9 + 9
Tractors &

S.P. Mach. +146 +109 + 73 + 55 + 42 + 30 + 17 4 + 12

Other Machinery +143 +113 + 72 + 50 + 37 + 27 + 15 +	 4 + 11 +	 6 +	 2 0
Buildings

Fencing +105 + 66 + 46 + 40 + 31 + 21 + 11 +	 3 + 3 + 1
Services &

Cash Rent +107 + 70 + 42 + 32 + 22 + 14 6 0 0 0 0 0

SOURCE: Agricultural Prices, Crop Reporting Board, ESCS, USDA.



. • AP....

•

Fungicides

• Herbicides
/1

.•#	 /
5/	 1	 /

• *
.•IP%

.5	 •
• ••

F. 	a.
•
•

•

• •	 •
• •

•

•

•

600

500

rt 400

a)
4.)

300

200

01

44 100
0

0
r-1▪

Insecticides

1p2	 1954	 1956 1958	 1960	 1962	 1964	 1966	 1968	 1970	 1972	 1974	 1976	 1978
Time

Figure I. Pesticide sales by class.

SOURCE: Carlson and Castle (1952-68) and USITCB Synthetic Organic Chemicals.



[1980]. Costs for use on fruit crops such as pears constitute as much as 25

percent of the variable cost. Considering fixed costs, these shares are rela-

tively small and have led to wide use of pest controls. The relatively small

share of total cost attributable to pesticides may not prevail as some ento-

mologists expect a cost increase because of the increasing complexity of chemi-

cals. Also, the immediate costs of IPM scouts are expected to fall because of

wider availability of trained personnel. Thus, IPM interest has broadened.

Finally, pesticides have generated mainly consumer benefits through lower

food costs; producers, in the longer run, likely have lost ground. The largest

gains, in fact, flow to the low income consumer who spends the most on food

(Taylor [1980], and McCarl [1981]).

WHAT IS BEST?

The benefits of agricultural pesticides, along with their spillover costs,

have fostered IPM as an area of inquiry. In balance, total reliance on chemi-

cal control does not appear to be the most socially desirable course of action.

Identification of the "best" course of action, however, is a difficult problem

requiring study. When chemical pesticides were first introduced, little was

mentioned or known about long-term impacts. Perhaps the same can now be said

of non-chemical controls.

ANTI-PESTICIDE INITIATIVES

Strong anti-pesticide beliefs exist as evidenced by Rachel Carson's book

Silent Spring and recent newspaper headlines about forest spraying. IPM thus

has become a more important area of inquiry. Research must consider both the

economic and environmental implications of using various crop protection strat-

egies. A case may be established, in some situations, that spillover from

chemical use has been extremely undesirable and raises substantial evidence

for banning pesticides in these situations. The anti-pesticide movement has

fostered IPM and may be the reason why IPM, in many cases, is identified with

non-chemical controls.
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INSTITUTIONAL FACTORS 

The ultimate reasons for pest control can be summarized as: 1) an increase

in the quantity and quality of food, 2) an accompanying lowering of food prices,

and 3) a desire on the producers' behalf for an increase return. The social

need for pest management derives from the demand for a quantity of low-priced,

high-quality food. The private need relates to income enhancement and loss

protection. Institutions enforce and reflect these needs. Numerous food items

are faced with quality standards imposed by quarantines, grading requirements,

marketing orders, etc. Many producers feel they must use pest control to sell

their products under these standards (Pimentel, et al [1979]). Some institu-

tions which contract with producers (e.g., crop insurance agencies, possibly

some lenders, processing plants) require pest control performance. So the

institutions, to some degree, mandate IPM.

GOVERNMENT 

IPM's emergence can be credited in large measure to government and the

accompanying political process. Government, through. its policies, enters the

pest management arena with- many influences. Within the United States, the

Environmental Protection Agency and its pesticide regulatory authority stand

as an obvious example. The chemical cancellation and registration process has

fostered the study of alternatives to chemical control. This regulatory pro-

cess also has altered the economics of pesticide development by imposed evi-

dence requirements that increase the cost of research and development.

Government also takes a direct role through public support of research

directed at pest control alternatives and-, in fact, has fostered IPM through

research support. Further, the publicly supported Extension Service is

involved in dissemination of pest control methods.

The governmental role, however, is not confined to its regulatory, research

funding, and extension roles. Government actions also influence a number of

other items, such as: a) crop choice (and thereby pest control demand), through

such mechanisms as grain embargoes and farm programs, b) input supply (and there-

by the substitution possibilities for pest control) through such mechanisms as

job programs, minimum wages, energy price supports, and land retirement schemes,

and c) intensification demand--through such things as land retirement schemes
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(which, it has been argued, directly increases the demand for pesticides,

Headley [1972]).

Government, therefore, has stimulated the need to examine the aggregate

consequences of decisions on pest management policy along with concerns as

to the nature of policy that-should be adopted.

FOOD AND INCOME

The last contributing factors mentioned here are food and income. The

need for food has certainly led to a need for pest control. However, within

the United States, the relative food security and small income share spent on

food have led to more demand for "safe pest control" than is the case in other

regions. When comparing IPM between countries, consideration of these factors

is important.

SUMMARY 

IPM exists and has become prominent because of many factors, all of which

help provide background for the "IPM problem." Several objectives appear to be

present, not all of them consistent:

1. Produce maximum food.

2. Produce high quality food.

3. Produce cheap food.

4. Allow farmers to make a satisfactory income (relative to non-farmers).

5. Minimize environmental degradation from pest control.
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SECTION III

ECONOMIC, TECHNICAL, INSTITUTIONAL, AND ENVIRONMENTAL ASPECTS OF IPM
AND IPM ASSOCIATED POLICY

Many issues are involved in the development, encouragement, use, or restric-

tion of IPM strategies. Before beginning the literature review, it is worthwhile

to present the issues involved so the contribution and relevance of the literature

can be judged. Thissection will present these issues, concentrating on economic,

technical, institutional, and environmental issues relevant to IPM. References

are not entered but are held until after the review portion in the section,

appraising the literature versus the issues.

ECONOMIC ASPECTS 

Of the numerous issues to consider when examining IPM, the discussion begins

with the more aggregate ones and works toward microeconomic issues. The ordering

does not imply importance.

Welfare 

Fundamentally, decision-making, related'to the formation of public policy

has at its heart the improvement of "public welfare." Unfortunately, in the IPM

area, decisions generally do not lead to "Pareto Optimal" results (i.e., a deci-

sion made where all parties realize benefits) -. Virtually any conceivable IPM

action will harm someone (consumers, producers, pesticide manufacturers, envir-

onmentalists, etc.) in terms of their perceived welfare. Also, there is a prob-

lem in quantitative definition of welfare. To sensibly consider one alternative

against another, the costs and benefits of one action must be compared-with the

costs and benefits of the other. This implies the need for a common measure of

value for the various cost and benefit components. The demand function for many

potential dimensions of welfare, however, is not often revealed or known in prac-

tical cases (e.g., risk of loss of human life, release of cancer-causing agents,

Changes in soil erosion, build-up of chemical residues, change in aggregate farm

income, or change in consumer price index).

Thus, several issues arise in IPM studies: 1) What are the appropriate

dimensions of welfare? 2) How should these welfare characteristics be mea-

sured? 3) How should (or can) they be valued? 4) For those impacts which can
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and/or cannot be valued, how should they be presented to permit informed decision-

making? 5) Who makes the decision? 6) What have been the welfare costs and

benefits of the use of 1PM? 7) When should undesirable features be tolerated

to achieve other desirable results (for example, in a developing country, should

the undesirable effects of DDT be tolerated so food availability is increased

and starvation reduced)?

Distributional Concerns 

Pest management situations often may be correlated with such factors as:

1) managerial ability, 2) quality and quantity of land, 3) production system,

4) location, and 5) farm capitalization. Consumers of products that use pest-

icides can be classified into groups using such factors as: 1) income level,

2) location, 3) percentage of income spent on food, 4) food preferences, etc.

If "Pareto Optimal" decisions cannot be made (as alluded to above), some groups

within these strata will be relatively advantaged and/or disadvantaged by a

decision. Further, the distribution of impacts will change over time. Sev-

eral issues which arise in an IPM study context are:

1. How are gains and/or losses distributed between various classes of

people (for example, considering trade-offs between consumers and

producers)?

2. How are gains and/or losses distributed regionally, commodity-wise,

or among factor owners?

3. What might be the impact of an action in terms of strata within a

class (e.g., farm size or income distribution)?

4. How do the distributional effects change with time?

Locus of Comparative Advantage 

The location and incidence of pest problems are not regionally uniform.

The development of pest management strategies or policies would seem to influ-

ence the regional distribution of production and factor usage either quanti-

tatively or qualitatively. This would be true especially where pests or IPM

strategies are location specific. Pest management actions would then have

implications for the ability of regions to compete against one another, there-

by altering the interregional distribution of welfare, income, and resource

usage as well as the location, conduct, and performance of service industries
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(transportation, processing, etc.). Thus, IPM issues are: what are the dif-

ferential regional impacts of an IPM strategy, and, what impacts will an IPM

strategy have on the location of production?

Induced Impacts 

The incidence of pests can radically alter economic activity within the

agricultural production sector. This, however, is not the only result. The

production sector obviously interacts with other sectors within an economy.

The impact on these sectors also potentially can alter the interregional

terms of trade. Several issues, in terms of economic relations within

regions and trade between regions, can be stated.

1. Within a region, a) what are the induced effects of an IPM action

upon the economy, and a related issue, b) is study of induced effects

within a region worthwhile (at what level of aggregation)?

2. Between regions, what are the changes in trade patterns, capital

flows, etc. (again, should these be studied)?

3. Across regions, how are the induced effects of IPM distributed and

are they worth studying?

4. How has the use of IPM strategies stimulated the location of pro-

duction to shift (statically and dynamically)?

Spillover Impacts 

The use of pest management strategies leads to many results other than the

management of pests. These affect other individuals (the classical case of

externalities) and other activities on the farm. For informed policy-making,

such impacts must be identified, quantified, and valued, if possible. These

spillovers may be either undesirable or desirable. Further, their exact nature

is usually uncertain. Some important types of spillovers are:

1. Effects on non-target species (direct and through residues) such as

humans, non-target insects, animals, and plants.

2. Changes in the farm production function, both short and long run,

stemming from IPM strategy use. For example, changes may occur in

the level of yield, pest incidence, natural control capability (i.e.,

predators), and/or pest resurgence capability.
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3. Adjustments in farm resource use and product mix.

4. Changes in environmental quality through chemical runoff or soil

erosion.

5. Shifts in pest resistance and/or prevalent population.

In addition to discovering the scope of indirect effects, there is the

question of reflecting back their true economic cost to the pest management

strategy user. Restrictive regulations accomplish this by prohibiting use;

however, other mechanisms (i.e., taxes and subsidies) may be involved. Fin-

ally, "biological" controls (or controls which do not rely solely on pesti-

cides) have recently been strongly advocated, particularly as they will

"remove" spillover impacts. This may not be true. Thus, issues in IPM are:

1. What is the economic consequence of the indirect effects embodied

within an IPM strategy?

2. How can IPM users learn the true costs of the effects from their

strategy decision (particularly in the case of undesirable spill-

overs)?

3. What are the spillover effects of non-chemical (biological, cul-

tural, etc.) controls?

Markets for Agricultural Inputs 

An important consideration for IPM studies (especially those involving

aggregate impacts) is the effect on agricultural input markets of an IPM action.

Agriculture consumes at least four inputs: land, labor, capital, and water, in

direct (and active) competition with the non-agricultural sector. Each of these

inputs clearly has alternative uses. Changes in demand for these inputs should

be examined in terms of the inputs' alternative usages and in terms of prices.

A set of illustrative alternative usages for major inputs follows.

1. Land

a. Other agricultural use (i.e., substitute enterprises)
b. Extensive usage in agriculture (livestock, fallow systems)
c. Recreational use
d. Greenbelts
e. Residential or industrial use
f. Mini farms (5 acres)
g. Small farms (dissolution of large farms)
h. Idle
i. Diverted or retired under a farm program.
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2. Labor

a. Unemployed (possibly supported by a relief program)
b. Out- or in-migration from other sectors or regions
c. Underemployment
d. Shift in quality dimension (migrant labor)
e. Other agricultural usages
f. Temporary (hired labor)

3. Capital

a. Non-agricultural use
b. Idle in short run
c. Other agricultural use

4. Water

a. Other agricultural use
b. Recreational use
c. Power generation
d. Down-stream agricultural use
e. Fisheries use
f. Idle
g. Aquifer replenishment (underground water to be used elsewhere).

Other inputs also should be considered when relevant. Potentially included

would be energy, fertilizer, pesticides, scouting services, and farm machinery

(which may or may not be regarded' as subsets of the above categories).

Distributional impacts of changes in usage and input returns should not

be ignored. In some settings, usage of and returns to inputs may be one of

the key elements in an IPM strategy evaluation (consider labor in a lesser

developed country).

The important issues then, are: a) When an IPM strategy is to be intro-

duced and/or modified, how will input usage change? b) What shifting in inputs

among various usages occurs? c) What happens to input prices? d) How are

returns to input owners altered?

Time Rate of Social Preference 

IPM method development, adoption, obsolescence, and/or regulation will

occur over time, as will the resulting spillover effects. Similarly, welfare

distribution will change over time. Thus, major issues in benefit and cost

formation are: 1) What is the social preference for costs and benefits as

they arise over time, and, 2) What is the time sequence of impacts involved
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with an IPM-related change? The issue involves not only the consequences of

strategies, but also the profitability of research and development efforts and

the comparison of current expenditures weighted against future benefits and

costs. The question of future generations' welfare is intimately involved.

Quality and Grading 

Although most theoretical economic inquiries assume homogeneous products,

the market certainly discriminates on the basis of quality. Many dimensions

of quality, in fact, are pest related; for example, consider quarantines, and

insects or blemishes on fruit. One economic issue here involves whether grad-

ing systems, quarantines, marketing orders, and/or grower agreements which en-

force quality standards are socially desirable considering the trade-offs between

quality and spillovers created by IPM strategy use (more detail on this topic

is considered under institutions below). A further issue is consumer accep-

tance of food as quality standards change.

Research and Development 

The economics of IPM method development possesses interesting aspects.

IPM method development clearly requires investment. Yet, once developed, many

IPM methods (particularly some non-chemical controls) become public goods. It

is difficult for any individual to fully capture the value of an IPM strategy.

Some techniques would spread from individual to individual without adverse

impacts upon availability to others (i.e., cultivation or scouting techniques).

Supply of such an IPM strategy, then, would likely fall into public hands.

The public-good characteristics within non-chemical IPM are different from

the problem in the pesticide arena. With pesticides, the gains have been cap-

tured by branding and patents. The relevant question then becomes: Is there

sufficient public and private investment in IPM strategies? An answer would

need to consider many issues such as the determination of the value of an IPM

strategy and assessment of the demand for pest management. A further question

can be posed: Are research and development expenditures on non-chemical IPM

methods desirable from a social viewpoint?

Within the research and development area, a second major issue arises

involving the interactions of regulatory and development activities. Private
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firms must make a return on their investments, research and development being

one of these. The increased regulatory burden makes research and development

of pesticides more expensive. This fact suggests concentration on larger mar-

kets that discriminate against narrow spectrum specific pesticides. Again,

the issue, considering the regulatory burden versus social costs, focuses on

whether research is proceeding at a socially desirable rate.

Farm Level Decision-Making 

For an IPM strategy to be successful, it must enter the farm level decision-

making process and be adopted as the course of action. Adoption will occur be-

cause a strategy ranks highest within a possible set of actions. An IPM strategy

will be adopted, then, either because of profitability or because of constraints

imposed. IPM strategies must be defined with this in mind. The issues involved

are:

1. What dimensions of the farmers' perceived welfare are affected by

IPM strategies? Examples would include profit, short-run risk,

soil erosion, and long-run risk.

2. How are these dimensions valued by farmers in choosing the strategy

to employ?

3. Does the resource usage pattern of the pest control match up with

the resource usage and opportunity values of resources on the farm?

4. Which one of a set of strategies is "best" from a social standpoint

(and what is "best")?

5. How may strategies be developed which will be "best" socially and

privately; or how may an IPM strategy be efficiently imposed, if

desired?

Technology Adoption - Rejection and Obsolescence 

As alluded to above, farm level incentives to undertake or reject a strat-

egy are important. An important issue above and beyond this involves the rate

of technology adoption. The issues here involve asking at what rate will a

proposed technology be adopted, and, at what rate will it later become obsolete?

A question related to these is: What types of conditions facilitate technology

adoption?
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Risk Management 

Farmers behave in different ways under exposure to risk. The prophylactic

use of pesticides is potentially a risk-reducing strategy compared to some other

types of methods. The issues involved here are: what is the long- and short-

run exposure to risk under an IPM strategy? More importantly, what will be the

expected farmer response? Economic issues also can be developed involving the

potential for interjecting risk-reducing factors into the pesticide arena (i.e.,

pest insurance) as either a substitute or a complement to improved techniques

(this issue is addressed in the Institutions section).

Pest Intervention and Information 

One possible approach to restricting the use of "overused" pesticides is

to substitute information-gathering activities for pesticide use, thus using

pesticides only when necessary. The issues then involve how information is to

be developed and when to act.

1. How does one find out the relative incidence of pests and the likeli-

hood of an outbreak in an economic fashion?

2. How does one know, given an incidence and likelihood of an outbreak,

when to intervene (i.e., treat the pests) and with what method?

3. Since pest populations often include several pests and/or predators,

how should predators and pests be considered in management practices?

4. When is it sensible to eradicate?

Taken simultaneously, these issues involve the economics of information-gathering

and the so-called economic threshold.

An additional information point relates to traditional extension program

design, and the question: what is the most effective method of conveying an IPM

strategy to farmers so that it receives proper consideration in the decision-mak-

ing process?

Farmer Spillovers 

The majority of farmers user integrated pest management. With chemical

controls, problems have occurred when mobile pests or treatments have drifted,

affecting adjacent farmers. Farmers applying pesticides, therefore, face bene-

fits and costs associated with their pesticide expenditures that differ in many

cases from society's total benefits and costs. Adjacent farmers, for example,
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may have had predators destroyed; these farmers then would be forced to change in

their control strategy. On the other hand, some adjacent farmers have received

benefits at zero cost (significant negative impacts also have been recorded on

such parties as beekeepers). Such impacts easily could cause farmers to invest

in controls at a rate different from the social optimum.

A potential issue in the farm use of non-chemical pest control measures

relates to control mobility. Controls such as mobile predators or scouting

information are potentially mobile. Thus, a farmer using these controls (when

acting solely on an individual basis) may have to purchase more of the control

than necessary. Examples here would be a situation in which 30 percent of the

moths used as a biological control agent migrate to fields off-farm giving adja-

cent farmers a "free ride", and forcing the initial farm to purchase extra moths;

or a scout says "treat now," and all surrounding farmers also use this informa-

tion. The farmer hiring the scout, in effect, has subsidized his neighbors.

The basic contention is that some non-chemicals are more mobile than chemical

controls (drift certainly exists, but probably not to the same extent). Thus,

farmers may be more likely to under-utilize non-chemical controls than they

would chemical controls. This factor also seems to bias decision-making toward

chemical controls.

Spillovers also occur with chemical pest controls (and possibly others)

when a farmer's long run production is altered by the action of such things as

residues retained in the soil, predator-secondary pest infestations, or resis-

tance development. Spillover issues in terms of pollution, environmental

degradation, etc., also must be considered.

The essential economic issues involved here are:

1. What relation exists between the benefits and costs a farmer receives,

and the full benefits and costs of pest treatments?

2. More generally, how can the true cost/value of the use of an IPM strat-

egy be reflected on the' farm decision maker?

Scale Economies of Control Use 

A question regarding the use of pest controls, especially across farms, but

also in terms of use on a farm, involves potential scale (and/or size) economies

of application. There is a fixed cost to apply a quantity of a chemical and a
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variable cost of quantity applied. Thus, applying quantity 2X an acre does not

cost twice that of applying X. Scale economies potentially also exist when apply-

ing, for example, mobile pest controls (i.e., it is less expensive per acre to

treat a large acreage than one acre). When mobile controls are prevalant (i.e.,

moths), multiple farm application strategies may be called for. Thus, the scale

economic issues are: a) How should the fixed and variable components of applica-

tion resources be considered in a decision, and b) What scale of operation is

economically most efficient in applying various types of controls?

Diversification of Pest Controls

Pest controls exhibit different characteristics regarding kill efficiency,

resistance development, toxicity to various pests, and performance variability.

Therefore, should multiple pest controls be used simultaneously to achieve opti-

mum control? This raises the economic question: Should this be done, and the

technical question, Can it be done? Diversification of pest controls may be

required or used to mitigate spillover impacts, and/or to treat multiple pests

simultaneously.

Economic Interrelationships in Input Usage 

Pest controls must fit with the overall farming system. The farming system

conceptually takes multiple inputs (fertilizer, land, etc.), combines them, and

creates multiple outputs. In such a system, the optimum level of any input is

related to the optimum levels of all other inputs and outputs. The economic

issues involved are:

1. How are pest management decisions related to other input supply and use

conditions?

2. How are other input management decisions related to pest management

decisions?

3. How do considerations of output level and demand enter these decisions?

Finally, there is the related issue involving the interrelationship of tech-

nical change and pest control usage, and the degree to which pesticide usage has

allowed technical change to proceed along with the degree that technical change

has stimulated pest control usage.
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Substitution 

One of the overriding factors within the context of IPM appraisals appears

to be that of substitution. Clearly the cancellation of a pesticide can cause

a series of substitution impacts. First, assuming a product requires a pesti-

cide and that pesticide use significantly affects yields and thereby aggregate

quantities and prices, the question of consumer product substitution arises, or,

what products will the consumer substitute for a more expensive product? Com-

plementary products also must be considered. Changes in relative prices, in

all likelihood, also will lead to product substitution on the farm.

A second question relates to factor substitution. With a change in supply

of an IPM strategy (IPMS), other IPMS's may be substituted either for or in place

of it. Factor substitution also may be carried out through changes in product

mix. The implicit broader question is: With an IPM action or restriction, what

likely substitution impacts will occur on-farm in terms of pest treatment, fac-

tors of production, and products produced? The issues to be considered are:

1) What is the likely market impact of an IPMS? 2) What kinds of pest control

method, factor, and farm production substitutions are likely to continue?

Regulation 

Pest management is not devoid of regulation. Regulation is imposed as a

technique to achieve increased social welfare, principally through distortions

of markets to reflect the true cost of such things as externalities (the case

of market failure). Regulations are a natural by-product of an unsatisfactory

market solution, i.e., the existence of recognized socially "undesirable" spill-

overs. Regulations consist largely of cancellations, licensing arrangements,

and intricate registration or rebuttal review procedures. Some mandatory pest

control measures also have been enacted, on noxious weeds in particular. A set

of issues arises regarding the goals of the regulatory process, the impacts of

the methods chosen (including regulatory impact and transaction costs), and

the design of "optimal" regulation methods.

TECHNICAL ASPECTS 

Although the issues above are broad and discussed at some length, there is

an equally long, probably longer, detailed list of technical issues and/or fac-

tors which could be discussed. These are not as well understood by the author
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and, by necessity, will be much less complete. Discussion also will proceed in

a more summary fashion. Topic selection is biased toward economic interrelation-

ships.

Pest Treatment Methods 

Many alternative pest treatment methods are available--use of a subset of

these methods constitutes an IPM strategy. The essential issues involved are:

What methods should be used? When should they be used? What quantities form

the best pest treatment program on the farm from both an economic and techni-

cal view? Identification of methods, also an issue, predominantly rests in the

physical scientists' arena. A second technical issue remains simply the need

for impact information: What is the impact of an IPM strategy on crops, pests,

resource use, and cost over time? Another concern: Can pest treatment methods

effectively be combined to combat various problems (i.e., resistance, maintenance

of natural controls, etc.)?

Pest Dynamics 

Pest populations change in an interactive relationship with field condi

tions, weather, incidence of natural controls, IPM method, etc. These relation-

ships must be understood for effective pest management. Thus, a key issue in

IPM is: How can knowledge of pest incidence be used to develop an "optimal"

pest treatment policy? IPM treatment designers require knowledge of pests

and their relation to treatments as well as information on predators, secondary

pests, etc.

Pest Interrelationships 

Agricultural production often suffers from multiple pests interacting with

each other. Hence, IPM must be sensitive to the form of the joint production

function of pest damage considering multiple pests. Further, there is the issue

of: How should pest interdependence be considered in treatment applications?

Treatment Effectiveness 

Any analysis of IPM usage needs the response function of yield (or pest dam-

age) to treatments. Lacking such information makes the analysis futile. The

goal would be to determine how yield reacts to various treatment alternatives
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considering pest populations and environmental factors. A related point involves

not only a static view of these responses, but also how they change over time.

Rates of pest resistance development clearly are important. Finally, the inter-

action of the IPM strategy's effectiveness with other farming practices (i.e.,

fertilization, crop rotation, etc.) must be determined.

Crop-Livestock Dynamics 

Immediate yield impact cannot be the sole focal point. Need exists to know

how IPM strategy affects production performance in both the short and long run.

Risk

The impact of a pest management strategy must be examined in terms of yield

and income stability, both in the short and long run.

Spillovers 

One of the crucial issues involved in IPM is: What else does the IPM strat-

egy do? Does it also affect non-target species, humans, land quality, water

quality, etc.? Biological controls most likely have spillover impacts although

the economic literature cited here does not greatly reflect this.

Pest-Predator Relationships and Resistance 

Shortly after the development and ensuing use of DDT, entomologists report-

edly (as mentioned in Stern) advised insect collectors that new insecticides were

going to make many pest species extinct. Today that prediction has not come true.

Instead, some pests have developed resistance to pesticides. Further, before pes-

ticides were utilized, to some degree, pests were held in balance or were control-

led naturally by predators. The use of pesticides has had some rather interesting

impacts. Consider the following example: applying a pesticide extensively may

destroy the majority of pests and their predators thus leading to selection of

resistant pests and predators. The pest population is then small, but capable

of expansion; food is still available and breeding has not been impaired. Resis-

tant predators, on the other hand, find little food available and may die out.

Pesticides can thus reduce the natural possibilities for control.
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Consideration of how can, or should, resistance be incorporated into "opti-

mal" application decisions, and the relationship of natural controls and IPM is

essential.

INSTITUTIONAL ASPECTS

A careful enumeration of issues involved with IPM needs also to consider

institutions. Institutions relate to pest management in at least three ways:

there are institutions requiring pest management; there are institutions which

have fostered the development of IPM, and, there are other institutions which

play some role. All three appear to be important in any analysis, particularly

where pest control substituting is anticipated.

Institutions Requiring Pest Management 

Because of the nature of their operation, some farmers deal with institu-

tions which require pest management. One example is the general federal and

interstate agencies that grade agricultural products and impose quarantines in

interstate commerce. Some grading standards directly concern pest damage or

incidence, others indirectly, such as marketing orders. Quarantines on diseases

or pests also are imposed. A similar type of institutional restriction involves

quarantines or standards imposed by exporters or export agreements.

In a second group requiring pest control are those institutions contracting

with growers. Growers, in contracting to sell their products to a processor

(or marketing agent), frequently turn over some of the responsibilities for pest

management to the processors' representatives. Grading standards imposed on the

processor also enter here.

A third type of institutional arrangement involves crop insurance. Appar-

ently before pest damage reimbursements are paid, some evidence of pest manage-

ment must be shown. The allowable forms of evidence likely may be biased toward

chemical controls.

The fourth example is not really an institution, but rather economies of

size and specialization by processors. Economic size and prevailing location

of processors influence specialization of farmers, which in turn encourages

some pest populations and the need for treatment.
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Within the institutional context here and below, the issues are: is the

current set of standards "optimal" and, what will be the impact of changes

in standards?

Institutions Fostering IPM

A discussion of the institutions fostering IPM must recognize those with

regulatory functions. Action of EPA and other regulatory agencies has altered

the demand for non-chemical or minimal chemical treatments. Through the regis-

tration and rebuttal processes, chemicals have been removed from the market,

placed in danger of removal from the market, or kept off the market by the reg-

istration process. Further, the registration process, in part, has discrimin-

ated against chemicals which are exact substitutes (even though EPA is supposed

to avoid making judgments of essentiality))' On the other hand, EPA has made

it more difficult for some IPM methods to be developed where the registration

process has inhibited the development of narrow spectrum pesticides which could

aid in IPM programs. Questions concern what is the impact of the current regu-

latory mix, and, with the objectives of regulations, what is the "optimum"

regulatory strategy?

Environmental groups also have been a factor in IPM's rise to prominence.

By raising questions about the safety of pesticide use, demand has been created

for safer IPM methods.

Other Institutions 

Other types of institutions may play a role within the IPM arena. Discus-

sed below are insurers of pest damage, research sponsoring organizations, and

the federal farm program.

One possible and important method of reducing the risk (or perceived risk)

inherent in IPM strategies involves use of pest insurance, and pesticides appear

1/
Thisi particular comment requires some reference. In a document concerning
Amatraz (BAAM), Position Document 3 of USEPA Special Pesticide review deci-
sion, the argument is presented that Amatraz should not be registered on
apples because such an action "would eliminate a small risk ... result in
continued use of substitutes ... which (are) less hazardous, and ... have
no effect on the economics of apple production." Further, the document
states "since Amatraz costs more than the available alternative(s) use ...
would probably have negative economic impacts." (page 64) The report also
addresses briefly "separative" resistance impacts.
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to be the most common form of insurance. An alternative is pest insurance; this

is not being directly provided to the author's knowledge. However, all-risk crop

insurance can be obtained. Can insurance be worked in as a substitute or a com-

plement for IPM in the total pest management arena?

The institutions providing funds for the development and extension of IPM

methods constitute a second important factor. Questions arise as to whether the

regulations and practices influencing funding support, or its distribution, are

sensible. Also what is the most efficient method to achieve the objectives of

IPM through funding?

Yet another institution is the set of rules and regulations known as the

"Farm Program." Farm programs frequently remove land from production and make

it desirable to treat remaining land in a more capital intensive fashion. IPM

is one of the forms of capital which allows more intensive management. An issue

is: What is the impact of farm programs on IPM usage?

ENVIRONMENTAL ASPECTS

Clearly, environmental quality protection and degradation avoidance are

crucial elements in IPM studies. In evaluating any IPM aspect, the effects on

the environment through soil, water, or air pollution must be considered along

with the impacts on human health and wildlife.

Indirect matters--recreation as it competes with agriculture; fisheries as

affected by water pollution; soil runoff as influenced by crop culture; activities

of multiple insect populations (i.e., bee pollination) as affected by IPM strat-

egies--also must be considered.

SUMMARY 

Many issues are important, but from the economist's viewpoint, several

points appear to be worth noting:

1. The scope for economic work is broad, involving activities which cut

across the traditional areas within agricultural economics. Further,

the bulk of the work is by nature interdisciplinary.

2. The economic issues are deeper than those embodied in the traditional

request from the physical scientist for an economist to calculate

profitability or provide information on the returns to a particular

line of research.
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3. IPM is a complex subject. Pest management technology has had both

negative and positive effects on food and fiber production, pest

incidence, environmental quality, etc. Such things as resistance,

predators, and spillover impacts enter complex short and long run

decision considerations. Further, because of the many actors

(farmers, politicians, environmentalists), the decision-making

process can be highly emotional. It truly appears to be an area

in which relevant research can contribute.
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SECTION IV

A REVIEW OF THE IPM ECONOMICS LITERATURE

Studies involving the economics of IPM methods have ranged through many

problem focuses and research approaches. The brief taxonomy of these studies

that follows has two major classifications: studies involving the design of

strategies for farm level pest control; second, studies involving the aggre-

gate impact of IPM methods and/or IPM policy actions.

Farm level pest control strategy design studies further divide into two

major types: first, work that attempts to optimize control performance of a

certain pest control strategy by identifying optimum timing and application

rate; second, studies involving choice of a strategy from a competing set of

strategies (or simply a comparison thereof).

Under the topic of aggregate impact fall studies involving benefits and

costs of IPM strategies, studies which assess the benefits and costs of policy

actions, studies which examine alternatives to pesticides, and studies which

consider alternatives to pest management.

This section reviews these studies in some detail referencing the con-

tributions in the area.

FARM LEVEL ECONOMICS 

Attempts to study the economics of pest management at the farm level have

been numerous. Efforts that investigate optimal application strategy and those

comparing optimally designed strategies appear separately. Other sections will

include data, methods, and a brief synthesis.

Design of an Optimal Strategy 

Management of pests by a particular application strategy involves numerous

factors. Economists have conducted limited studies in the area involving ques-

tions such as: When should a pesticide be applied (i.e., at what level of

infestation), how much should be applied, and many other questions. At first,

economic efforts seemed aimed principally at determining the so-called economic
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threshold (i.e., at what pest incidence should a pesticide be applied). Later

research involved the impacts of exogenous factors on the application decision

and its outcomes. The research has been voluminous, with many factors consid-

ered or ,mentioned.

Economic Threshold. The concept of economic threshold long has been dis-

cussed by entomologists (for example, Stern [1966], and Smith [1971]). Basic-

ally, the threshold concept refers to the level of population at which treatment

should be employed, but it was not clearly defined economically until recently

(Hillebrandt in her 1960 work approached the concept but did not address it).

Headley [1972] began a discussion on the economic threshold with the definition

that it is the "pest population that produces incremental damage equal to the

cost of preventing that damage" [p. 105]. Headley's work did not address con-

trol strategy, but assumed this would be determined technically. The Headley

work did conclude that eradication is not economically justified.

Hall and Norgaard [1973] reviewed Headley's work and mention that Headley's

threshold really indicated "the level to which the pest population should be

reduced" [p. 109] and that.Headley did not address the point of when to control.

Hall-and Norgaard then went on to formulate a two-variable model which incorpor-

ated these factors, defining the threshold as the population level which maxim-

izes profits when the optimum timing.and quantity of pesticide are considered.

The Hall and Norgaard effort is limited to a single application of a pesticide.

Later work (such as Talpaz and Borosh) treated multiple pesticide usages; how-

ever, it departs somewhat from the threshold and will be discussed in the next

section. Before leaving the topic, two other topics need to be discussed.

The fundamental method used to investigate economic threshold by the cited

agricultural economists is the formulation and optimization, through Lagrangians,

of a simple mathematical model of the pest crop system. The users of this sort

of approach have stated that the models abstract greatly from reality ignoring

many important features (for example, see Hall and Norgaard [1973, p. 201] or

Shoemaker [1973, Part III]). Talpaz and Frisbee [1975], however, approach the

threshold problem from a different viewpoint. They estimate a "positive" thresh-

old in which the response curves are econometrically derived (previously done by

Lee and Langham [1973]) and then derive a threshold using classical optimization.

The econometric equation they use predicts yield as a function of crop age, pest
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incidence, and variety. A profit maximizing threshold was then derived con-

sidering output price and pesticide cost.

Quite a number of alternative definitions of the threshold have been

developed, often quite different in concept. Stern [1973] defines the eco-

nomic threshold as the density at which control measures should be used to

prevent an increasing pest population from reaching economic injury level

[p. 260]. Stern then defines the economic injury level as the lowest popu-

lation density that will cause economic damage. Headley, however, as pointed

out by Hall and Norgaard, presents a definition which gives the level to which

the pest population should be reduced. However, Hall and Norgaard are not

fully correct. Headley's work determines the "optimal" level of pests assum-

ing the pests have once gotten to this level and assuming that control may be

instantaneously, effectively applied without fixed cost. Headley mentions that

any greater population is non-optimal (as is reduction to any lesser population)

and thus presents a pest population which is to be maintained. This is both a

minimum and a maximum (assuming the population has once attained the minimum).

These various definitions, and the controversy surrounding them, point out

the need to consider three populations of pests. These are presented in a sim-

plified fashion in Figure II. (Much more complexity could be introduced involv-

ing such things as stage of plant growth.) Point A presents a level of pests

which generally has been called the economic injury level. Above this point

the marginal cost of pest damage exceeds the marginal cost of pest treatment

and is the maximum pest population tolerated (actually this is Headley's defin-

ition, also contrary to Hall and Norgaard). Point B is a point at which pest

control action is initiated assuming a delay between action and response of

timet.-t.. This is the entomologists' so-called economic threshold and is

the practical threshold that a farmer would use. Point C is the population to

which the pests are reduced. Reduction to the pest population below this point

is simply not economic.

General Pest Control. While the early economic work on pest control con-

centrated on economic thresholds, later work has focused on optimal pest control

considering factors such as resistance, predators, risk, etc. The concept of

threshold has not been strongly adhered to by economists (who have not looked

for a threshold, but have investigated many factors on which it depends) and

later work has examined the implications of various factors on pest control use.
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Shoemaker [1973], in a series of three papers, defined a rather general

two-part pest control model. The first part consisted of an operational model

which considered pests, predators, crop damage, pest-predator growth and insec-

ticide cost-effectiveness. The second part consisted of suggestions for the

incorporation of time and weather, multiple crops, residues, age-sex of pest,

multiple pests, detailed crop growth, multiple seasons, resistance, and uncer-

tainty. Shoemaker's model has not been used empirically. The list of Shoe-

maker's factors and extensions, however, does, with some aggregation and expan-

sion, provide the topic outline for an organized view of the literature. The

discussion below therefore considers contributions in the areas of risk,

resistance, multiple applications, pest-predator interrelationships, pest-crop

dynamics, spillover impacts, biological controls, and other input usage.

Risk

Risk is one of the principal reasons for pest control (Norgaard [1976]).

Hillebrandt [1960, Part II] apparently (the author has not seen this) was one

of the first contributors. Later, Carlson [1969, 1970] formally incorporated

uncertainty in the evaluation of pest alternatives in a Bayesian framework.

Many others have stated that consideration of risk is important (e.g., Head-

ley [1976], Newton and Leuschner [1975], Norgaard [1976], Webster [1977],

Miranowski [1979]). Recently, Feder [1979] performed a study in which he shows

that an increase in uncertainty leads to an increase in pesticide use [p. 99],

i.e., that pesticides have an insurance value. Carlson [1979a, 1979b] has pre

sented data showing that pesticide use may lead to increased long-run variabil-

ity of income. This finding, however, has not been factored into the farm

level decision models.

Resistance

Entomologists, as discussed above, have long recognized the development

of resistant insects. Considering weeds, species appear which are tolerant of

herbicides. Economists recognized this in the early 1970s (Carlson and Castle

[1972]) and began to investigate (Hueth and Regev [1974], and Taylor and. Head-

ley [1975]). Hueth and Regev state that the optimal application of pesticides

implies management of both the pest and its stock of susceptibility [p. 543].

They formulated a model in which the future stream of profit is maximized con-

sidering pest incidence, pest resistance, and crop production. Their main



t 1 Time

Figure II. A simple example of pest control.

1

aln MIMEO OEM.	 MOO 4=10 41111•• .1n10

WM. ONO OMIn • WINO nI•

=MID =NNW NNW nnn• .1nn•



36

conclusions, aside from suggesting their model for further use, are that 1) the

economic threshold varies over time, 2) in some cases, the economic threshold

increases with time, thus, more pests may be tolerated later in the growing

season, 3) optimal pesticide use implies that marginal profits excluding sus-

ceptibility are equated to a user cost resulting from depletion of the stock

of susceptibility (increases in resistance), and 4) only under very restrictive

assumptions does the neglect of resistance result in overuse of chemicals.

Taylor and Headley [1975] also investigated the resistance question. Their

efforts as published, however, consisted entirely of a suggested dynamic program-

ming model and do not report any empirical findings. A more recent effort has

been carried out by Regev, Shalit, and Gutierrez [1977]. This work apparently

treats resistance in conjunction with the use of multiple pesticides.

The final inquiry the author found in the area of resistance is that of

Carlson [1977] who states that if pest numbers are available and all other

factors affecting crop yield are held constant, then changes in the marginal

product of insectides will indicate a change in resistance. Carlson then

estimates the production function for several points in time and discovers

that for a given pesticide the marginal physical product has fallen substan-

tially. Thus, he argues that resistance is important. Further, this shows

that a natural consequence is that pest control costs will increase as time

goes on. Carlson concludes his paper with observations that farmers under-

invest in the common property pool of non-resistant pests and that regulation

may be encouraging resistance by narrowing the pool of available treatment

possibilities.

Multiple Treatments

Many farmers treat pests more than once during the season. Chatterjee

[1973], Hueth and Regev [1974], and Talpaz and Borosh [1974] all presented

economic models incorporating this feature at approximately the same time.

Talpaz and Borosh deal with the multiple treatment case in more depth than

the others and show in a simple example that, 1) multiple treatments were

always employed; 2) ceterus paribus, the optimum number of treatments and

quantity of pesticide fall as pesticide price increases, while the level of

pests tolerated increases; 3) the number of treatments and total quantity

applied increase as product price increases, while the number of insects
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tolerated falls; 4) the number of treatments falls as the fixed cost involved

with a treatment increases but the optimum pesticide quantity employed is

approximately constant with a few more insects tolerated, and 5) as the popu-

lation growth rate after the first treatment increases, the number of applica-

tions fall, and the amount of pests tolerated along with the quantity of pes-

ticides applied increases.

After the publication of these studies, analyses involving multiple

applications became somewhat standard. Further discussion of results is

held for other sections.

Pest-Predator Relationships

Many pests are subject to natural control by predators. The application

of some pest control measures can reduce the population of predators. Shoe-

maker [1973], and Feder and Regev [1975] explicitly include this feature in

their analyses. Shoemaker included predators as they relate to pests, factor-

ing in survival and growth of both pest and predator along with their inter-

relationships. Shoemaker's results showed that the control decision is more

sensitive to predator density than pest density. Feder and Regev followed

Shoemaker and in a careful analysis concluded that a) an optimal decision rule

for pesticide use would weigh marginal benefits with marginal costs of control

plus the marginal costs arising from pest and predator stocks (residues also,

although this topic will be discussed later), b) consideration of the predator

impact provides theoretical support for empirical findings that pest populations

may exceed pretreatment levels after initial successes [p. 84], and c) the decen-

tralized solution by farmers may lead to socially non-optimal decision rules.

Pest-Crop Dynamics

Many pest control investigations have been performed. The models gener-

ally are simple mathematical models optimized through the use of mathematical

analysis. The authors of these analyses generally have stated (e.g., Hall

and Norgaard [1974]) that the models are too simple for realistic decision-

making. However, starting with the paper by Regev, Gutierez, and Feder [1976],

studies have used detailed pest-crop models attaching an economic objective

function to determine optimal treatment. Their work involved a detailed model

of the alfalfa weevil; secondary pests were also considered in a cursory manner
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(page 197 under pesticide cost). The model was solved for a steady state equil-

ibrium. Conclusions were drawn relating to private versus socially optimum

pesticide use. However, the objective functions used in the comparison appear

to be improper (apparently it was assumed that individual farmers only look at

single year implications of pest management, [Equation 10, p. 190] whereas,

society looks at multiple year outcomes, [Equation 11]) although they do make

some sense in a common property resource situation (individuals doing the best

they can, but collectively generating a non-optimal social solution). The

specific conclusions, therefore, will not be discussed (they do appear else-

where in the literature) other than to note that time preference and considera-

tion of common, property nature of pests does alter treatment design. Regev,

Gutierrez, and Feder do note that pesticides in their model are applied much

earlier than in the real world and during the adult growth stage in the pest

cycles.

After the Regev et al effort, Talpaz et al [1978] formulated a model

which incorporated a complex pest-crop model for the cotton boll weevil. The

pest-crop submodel in this case is a simulation type model and optimal pest

control is simulated over 25 periods during a year. Conclusions from this

work concentrated mainly on the model. A follow-up paper on this topic by

Murty et al [1980] again dealt mainly with the model.

The final economic application with a detailed pest-crop model is that of

Reichelderfer and Bender [1979]. This work involves a model of the Mexican

bean beetle on soybeans. The model was used to simulate the impact of various

control strategies. Biological controls were examined along with chemical con-

trols. The paper's main conclusions (other than some on biological control,

discussed below) related to the model.

Spillover Impacts

One characteristic of pesticides is their creation of "environmental exter-

nalities." Although these concepts are more frequently mentioned at the national

or regional levels (e.g., Headley and Lewis [1967], Langham and Edwards [1969]) as

will be discussed later, some researchers have tried to discover the farm level

implications. Notable among the farm level investigations is the study by Feder

and Regev [1975] in which the costs of environmental degradation were explicitly

entered into the model. The conclusions were that a) there will be a divergence
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between social and private optimums, b) the costs considered in a social decision

rule should include externality costs, c) that the stock nature of the external-

ities lead to non-optimal decisions and mandate public actions, and d) that a

total ban on pesticides to gain these benefits could be disastrous.

Numerous other authors have mentioned the topic as an important subject

or one needing further research (e.g., Shoemaker [1973], Murty, et al. [1980],

Norgaard [1976a, b]).

Other Controls

Virtually all the studies reviewed have implicitly concentrated on pesti-

cide use. Several other studies of farm level resources have examined the eco-

nomics of other controls at the farm level. Taylor [1976] examined sterile

male releases. His conclusions deal with the model developed, but only hypo-

thetical results are presented. Hall [1977], Reichelderfer and Bender [1979],

and Longworth and Rudd [1975] all studied other aspects of biological controls

which will be discussed in the context of benefits below.

Other Inputs

Pest control measures enter the total production process on the farm.

The optimum design of a pest control measure thus should mesh with the total

production process. Classical production theory states that optimum use rates

of all resources are interrelated. Most farm level pest control studies have

held other inputs constant. Fox [1971] on the other hand presents, hypothet-

ically, a multiple input case involving pest control and other inputs. His

conclusions mainly relate to the need for an examination of these impacts. Lee

and Langham [1973] also estimate a system where pesticide use is included along

with other inputs (fertilizer, etc.); however, the study stopped with the model.

Binswanger and Shelty [1977] also have studied this problem in a development

context examining labor-pest control interactions.

Choice Between Strategies 

Many factors considered important in the design of a strategy have been

noted. Assuming the strategy will be used at some level and that its feasible

alternative versions do not change resource use markedly, optimal design of a

strategy can be accomplished in isolation. However, when comparing alternative
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strategies with different resource usage patterns, or when designing a strat-

egy where the feasible alternative versions of the strategy imply significantly

different resource usages, then the choice must be made within the total farm

context. Further, in many pest applications, strategies may not be mutually

exclusive and consideration must be given to strategy diversification.

Resources, however, are not the only factors involved in the choice. Profit-

ability and the additional concern of risk most assuredly are involved.

Economists have not been as active, at least in literature, in the choice

area. This may be because most decisions have involved "best" entomological

practices and, therefore, alternatives have not been present. The work done

in the area can have a two-way classification applied. First, there have been

studies simply comparing alternatives on financial criteria only and there have

been studies of comparisons within the farm resource context. Second, there

have been riskless studies and studies which incorporated risk.

Financial Studies - Risk Free. Many authors have done simple budgeting

analysis in a risk-free environment. Quite a long series of USDA and EPA

studies have examined the impact of possible regulatory actions, thereby con-

sidering the second best pesticide or pest control method. These studies are

referenced under the regulatory analysis section. Studies also have been done

by Reichelderfer [1979]; Reichelderfer and Bender [1978, 1979]; Hawkins, Slife,

and Swanson [1977]; Salkin, Eidman, and Massey [1975]; Richardson and Badger

[1974]; Longworth and Rudd [1975]; and Carlson and Main [1976]. Virtually all

these studies utilized some form of simple budgeting and chose appropriate

strategies.

Among the important statements and conclusions seem to be: 1) crop rota-

tions do not greatly change herbicide expenditures or productivity on corn and

soybeans (Hawkins, Slife, and Swanson [1977], p. 11); 2) use of substitute (i.e.,

alternating) pest control measures affects the life of a control measure in sit-

uations with resistance (Carlson and Main [1976], p. 391); 3) socially preferred

pest strategies should not only be compared on direct economic grounds, but also

on environmental grounds (i.e., value or cost of changes in degradation) and a

weighting should be attempted to get total impact (Richardson and Badger [1974]);

4) results involving biological controls on pecans suggest an increase in net

returns is possible with a decrease in pesticide use (Reichelderfer [1979]);
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5) biological controls on soybeans appear to be economically feasible and adopt-

able (Reichelderfer and Bender [1979], p. 265); and 6) it may be profitable to

augment natural controls with pesticides at the latter part of the growing

season (Longworth and Rudd [1975]).

Financial Studies - Risk. Risk is an important factor in the adoption of

pest management strategies. Some have suggested that risk is one of the domin-

ant features in the adoption of active pest management (e.g., Norgaard [1976a,

b]). Early studies of risk in pest management by Carlson [1969a, b, 1970] set

up a Bayesian decision framework to choose a pest control strategy from alter-

natives. Carlson suggests in earlier papers [1970] that risk be included and

presents results on the costs of bad decisions. In later papers, Carlson [1979]

states that stabilization is a consequence of pest controls and suggests that

a switch to scouting type techniques probably leads to more stability [p. 31]

which is the earlier conclusion of Hall [1977].

Risk incorporation in models involving technology choice has received a

lot of attention, although this attention most often involves simply a dis-

cussion of the issues (Headley [1975], Norgaard [1976], Newton and Leuschner

[1975], and Webster [1977]). Miranowski [1979] shows risk differences among

alternative strategies.

Resource Studies - Risk Free. When pesticide strategies imply differences

in farm resource use, the proper perspective is from the context of the farming

system. Economists have not been quite as active here and in a lot of cases

appear to have ignored the question. Studies, however, have been done by Delvo

[1971], and Cashman [1980] (also reported in Cashman, Martin, and McCarl [1980a,

b, c]). The results of these studies are rather specific and the conclusions

are not really generalizable. Significant changes in the factor returns (shadow

prices) were found by Cashman which implies that ignoring resource availability

is tenuous when considering alternative pest control measures in the cornbelt.

Resource Studies - Risk. The least studied of all the pest control choice

areas appears to be the consideration of controls within the farm under risk.

Contributions here are Cashman [1980], and O'Brien [1980]. Cashman's conclu-

sions state that risk is not a terribly important concern. However, this may

be because of the uniformity of controls considered (chemical only) in his work.

O'Brien shows that risk is important in a developing agriculture (Philippines).
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Data

Data considerations enter this review in two ways. First, are data needs

then data synthesis methods. This section considers a list of data needed to

carry out a farm level study, then discusses ways the data have been synthe-

sized for economic studies.

Principal data needs may be separated into several categories; they all

should be considered in a study, although not all these items may be necessary.

The first category is data for the pest-crop system (Table 2). In this cate-

gory, as in the data needs mentioned below, data are required for both the level

and variability of the items and/or functional relations. The second category

(Table 3) is pest control-pest-crop system interactions. The third category

.(Fable 4) is the pest control-environmental interaction. The fourth category

is the farm decision system (Table 5)..

Data may be developed for a study through either experiments (as used

in Hawkins, Slife, and Swanson [1975], Reichelderfer [1979], Cashman [1980]);

statistics--through a survey (as in Talpaz and Frisbee [1975]); or expert

opinions (as in many of the regulatory studies, e.g., Casey and Lacewell

[1974]; also, Sackman [1976]).

Once obtained, data may be incorporated in the model directly or indi-

rectly via estimated single equations (e.g., Talpaz and Frisbee [1975]), simul-

taneous systems of equations (e.g., Lee and Langham [1973] or Sarhan, Howitt,

and Moore [1979]), through simulation models (as in Reichelderfer and Bender

[1979], or Murty et al [1980]) and/or through calculation and approximation

techniques (Cashman [1980]). General theory on the equation estimation methods

is given in Intrilligator [1979]. Rausser and Johnson [1978] present a review

of simulation. Data based on biological theory also may be directly incorpor-

ated (review in Ruesnik [1976]).

Methods

Many methods have been used in farm level studies. These methods fall

into virtually all categories of economic analytical tools. Some broad char-

acterizations are presented below with sample references to both theory and

application and a brief set of advantages and disadvantages.
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TABLE 2
PEST-CROP SYSTEM FARM LEVEL DATA NEEDS

Pests in Isolation 

Types and initial incidence

Growth rate and major variables influencing growth

Natural controls active

Potential secondary pests

Growth of predators, natural controls, etc.

Inter-specific and intra-specific competition

Crops in Isolation 

Yield response to various inputs

Prices of outputs and inputs

Relation to other crops on farm

Pest-Crop Interaction 

Crop damage by various pests

Yield impacts of damage

Quality and/or price impacts of damage

Dynamics of interaction

Dynamics of damage and inter- or intra-specific competition
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TABLE 3
PEST CONTROL-PEST-CROP SYSTEM FARM LEVEL DATA NEEDS

Pest Control Methods 

Possible practices (chemical and non-chemical)

Suggested practices

Technical details on practices

Costs of methods

Control Impact on Pests 

Mortality of pests, secondary pests, and predators

Resistance development or resistant species in-migration

Impacts of alternative timing of treatments

Dynamics of populations after treatment

Mobility of pests

Control method interactions

Crop Impacts 

Residue uptake

Long run yield impact

Resource Usage 

Land, labor, water, etc.

Required degree of careful management

Profitability 

Short run

Long run
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TABLE 4
PEST CONTROL-ENVIRONMENT FARM LEVEL DATA NEEDS

Environmental Degradation in Short and Long Run 

Soil

Water

Air

Non-target Species Impact 

Human connection

Beneficial insects

Other animals

Crops and/or other agricultural activities on farm

Other External Impacts on Neighboring Farms 
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TABLE 5
FARM DECISION SYSTEM FARM LEVEL DATA NEEDS

Objectives 

Weights and trade-offs between profit, risk, and externalities

Other objectives

Perceptions of Environmental Externalities and Attention Paid Them 

Constraints and Resources 

Seasonal value of resources

Resource limits

External limitations on pest control choice

Responsiveness 

Response to risk

Willingness and ability to shift crop acreage

Ability to assume difficult management tasks

Technical Data

Resource usage of various crops

Policy Environment 

Probable pest policies
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The first method employed in farm level studies is classical optimization.

Taking Headley [1972] as an example, an abstract model of the pest management

technique is formulated, with an objective function attached. Optimization is

then carried out through the use of Lagrangians (Hadley [1964] provides a good

theoretical discussion) usually ignoring non-negativity (the Kuhn-Tucker con-

ditions, as discussed in Hadley, would permit one to relax this assumption).

The determined, analytical results are then discussed in terms of impacts on

the pest treatment method (Feder and Regev [1975] is a good example of a study

using this method).

The advantages of such an approach are that analytical results can be pre

sented without real data problems and the properties of the model can be rigor-

ously investigated. The disadvantages are that very simple pest-crop models

must be treated in this manner. Thus, the studies are limited to a subset of

the problem or the model becomes very difficult to deal with analytically.

Further, the analytical nature tends to lead the researcher to only analyti-

cally tractable functional forms which do not necessarily correspond to reality.

These models also generally are static-ignoring dynamics. Further validation is

generally not possible.

The second method employed is that of optimal control theory. Although

optimal control can be handled numerically, only analytical analyses are dis-

cussed (actually numerical versions have not appeared in the IPM literature).

The classical case involving optimal control use in IPM is the study by Hueth

and Regev [1974]. A model is formulated in a dynamic setting, the maximum

principal applied, and optimal behavior determined (Clark [1979] presents a

useful discussion of this technique). Advantages and disadvantages of this

device as an analytical tool encompass those mentioned under classical optim-

ization above. However, this technique accounts for dynamic behavior and is

difficult to deal with analytically, requiring relatively simple models. Val-

idation is again not usually even considered.

The third method which has been employed is a set of methods called numeri-

cal mathematical programming. The techniques used have been linear programming

(Cashman [1980]), non-linear programming (Regev, Gutierriz, and Feder [1976];

or Talpaz et al [1978]), and dynamic programming (Shoemaker [1973], or Tay-

lor and Headley [1975]). These techniques employ a model of the pest-crop
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system which is numerically specified and optimized using standard algorithms.

All these techniques require that data be matched to the model and, therefore,

do not yield analytical results and general conclusions (except when, say, the

Kuhn-Tucker theory is used to characterize the optimum solution). Some vali-

dation exercises may be attempted, however.

Linear programming (well reviewed in Hillier and Lieberman [1977]) requires

all relationships to be cast in a linear form, thereby, in some cases, making

it difficult to handle realistic relationships. Consideration of dynamics also

requires simplifying equilibrium assumptions or leads to large models. Its

advantages lie principally in its computational tractability and familiarity to

many practitioners. Risk also may be included, as discussed in Anderson, Dillon,

and Hardaker [1977].

Non-linear programming is an extension of linear programming with non-lin-

ear relationships permitted. It is applied to IPM studies in one of two ways:

either a non-linear model is formulated, numerically specified, and then optim-

ized, as in Regev, Gutierrez, and Feder [1976], or a submodel (often a simula-

tion) is formulated which interacts with optimization technique numerically in

the quest for an optimum, as done in Talpaz et al [1978]. This general class

of optimization techniques is reviewed in Powell [1972]). The advantages and

disadvantages of such techniques are similar to linear programming above, how-

ever, a) non-linear relationships may be handled, b) a major difficulty is the

potential existence of local optimum solutions (Murty et al [1980]), and c)

the models, especially larger ones, are potentially difficult to solve.

Dynamic programming (well reviewed as a technique in Nemhausser [1966])

is another technique used in IPM economic studies. It explicitly treats the

dynamics involved in the IPM situation. Again, a numerical model is required;

however, standard algorithms are not available for optimization (although

optimality conditions are). Thus, problems may be difficult to solve if form-

ulated this way.

The fourth method reviewed here is that of stochastic dominance. Sto-

chastic dominance allows comparison of various alternatives without an explicit

objective function, but with general assumptions on the decision makers' objec-

tive function (e.g., the decision maker prefers more profit to less, less risk
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to more, and is willing to take more risk as income increases). The technique

was used by Cashman [1980] in screening alternative treatment methods using

results of their multi-year performance. The advantages of this technique

(well described and discussed in Anderson [1974]) are simplicity and reliance

upon simple decision rules. Disadvantages lie in the fact that it is often

difficult to establish dominance among distributions (Meyer [1977] provides a

stronger form) and in the fact that it ignores covariance (amplified in McCarl

and Tice).

The final optimization type technique mentioned here falls in the general

area of decision theory (Schleiffer [1969]). Decision theory explicitly treats

the uncertainty involved within the decision at hand (e.g., pest outbreaks,

treatment efficiency, etc.). External factors (expert judgment, new informa-

tion, etc.) also are included in the situation through Bayesian techniques

(Carlson [1970] gives an IPM application along these lines). The advantages

of this analysis lie in its consideration of uncertainty, its disadvantages in

the difficulty of developing probabilities. One other shortcoming is the dif-

ficulty in explicitly including resource constraints (this, however, is done

in discrete stochastic programming as described by Rae [1971a, b], and as used

by O'Brien [1980]).

In addition to the optimization methods which have been used, comparative

budgeting has been used to find the "best." Reichelderfer [1979] provides an

example.

Synthesis

An overview of IPM farm level economics literature leads to observations

on what is known (and several observations on what is not known although these

will be held for the last section). Preconditioning these observations, is the

fact that the literature, as it evolved, seems dominated by insecticide concerns.

The vast preponderance of studies involve insects. Further, the applied litera-

ture has been confined to a few crops--cotton, alfalfa, corn, pecans, and soy-

beans, in particular. This, however, is consistent with the concentration of

damage as discussed above. These preconditions aside, some observations can be

made on the shape of the literature.
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1. Economic thresholds were an early concept mentioned prominently by

technical personnel involved in the pest arena. Economists entered

this discussion with Headley [1972]. However, economic use of the

term seems to have diminished.

2. One reason for lessened interest in the economic threshold concept

seems to be difficulty of definition. The most appealing definition

is the pest population at which to treat. Other definitions also

have included the population at which "economic damage" occurs or

the population to which pests are reduced.

3. Another reason for lessened interest in the economic threshold is its

impractical nature. The optimal pest population has been seen to de

pend on many factors: a) dynamic factors, such as pest population

growth rate, pest growth stages, crop growth, and pest migration rate;

b) economic factors, such as pest control price, crop price, and, more

generally, other input costs; c) pest-crop relationships including yield

impact of damage at various times; d) pest control-pest relationships,

such as kill efficiency over time, resistance development (or in-migra-

tion of resistant species); e) pest control-environmental interrelation-

ships seen as destruction of non-target species, creation of undesirable

residues--in general, spillovers into the ecosystem; f) pest control-

predator interrelationships taking in destruction of natural controls

and encouragement of secondary pests; g) risk factors and risk attitude;

h) availability of other controls which may be used during the year, and

i) multi-year time preferences of decision makers.

4. The specific rules and items in a threshold to be considered are pest

and location specific.

5. Thus, the threshold is not "the threshold," but is predicated upon many

factors which can change almost daily.

6. The general concept of "optimum" application is important, but more

complex than the concept of the "economic threshold." More work is

certainly required on optimum application. (McCarl [1981c] discusses

this point and those above at length.)

7. There is an expected divergence between social and private optimum usage

of pest controls.

8. Generally, pest eradication is not an economic goal, but there are con-

ditions which have not been explored when eradication may be called for.
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9. Choice between pest control strategies may depend on the time avail-

abilities of resources, along with the risk attitude of the decision

maker and the exogenous constraints imposed.

10. The majority of economic research published either has been aimed at

general principles or methods. Specific research on crops, pests,

etc., has not appeared to any great extent. Either this research

does not exist or, because of publication policies, has not found

publication outlets.

11. In some cases, pest controls have been shown to lead to an increase

in pest numbers in the long run because of destruction of predators

and resistance.

AGGREGATE STUDIES 

Aggregate studies are subdivided into four areas: studies involving the

benefits and costs of pest control (these are looked at in aggregate for all

controls, then in terms of control of specific pests); literature oriented

toward developing information on costs and impacts of regulation; investi-

gations of alternatives to pesticides; alternatives to pest control. After

these review portions are sections on data and methods. Summaries are after

each major section when appropriate.

Benefits and Costs of Pest Control 

Economists have been active in pest control research for many years. In

the late 1960s, starting with Headley [1968], they began making serious efforts

to assess the benefits of pesticides. Others also have studied costs of exter-

nalities and benefits of pest elimination.

Benefits of Pest Control. Benefits from agricultural pest control may be

measured in several ways. Fundamentally, measurement may rely on a) the value

of increased output resulting from pesticide use, b) the value of resources

released by pesticides, c) the indication of people's willingness to pay for

pest treatment (these three are drawn from Carlson and Castle [1972], p. 81),

or d) the amount of "social welfare" change brought about by changes in pesti-

cide availability.
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Value of Increased Output

Headley [1968] began work on pesticides benefits by estimating the mar-

ginal product of the pesticide input, accomplished by fitting a Cobb-Douglas

production function to data from the 1963 United States Department of Agricul-

ture farm income and expense series. The Cobb-Douglas function is then differ-

entiated the marginal product of pesticides on an aggregate basis is approx-

imately $4 benefit for $1 cost. Headley [1971] updated this study with data

from the 1964 Pesticide Use Survey. Regional marginal products are estimated

for insecticides and herbicides independently. Regional marginal benefit estim-

ates are given which possess the economically satisfying conclusion that insec-

ticide marginal productivity is least where the use is most intensive Ip. 82].

Headley's herbicide results are largely inconclusive, perhaps because of on-farm

possibilities for exact substitution--herbicides may only save effort and cost,

not increase output. Thus, a production function approach would find no impact.

Fisher [1970] presents an analysis for Canadian apples, essentially an

identical analysis to Headley's, and Campbell [1976] provides another study on

tree fruit farms. The marginal value product of pesticides in this study was

between $3 and $13 (Fisher) and $12 (Campbell) for a cost of $1.

Carlson [1977] also provides a similar study to Headley's [1971] study in

which regional benefits and productivity over time are considered. Carlson's

work, however, is limited to cotton insecticides. A major finding [p. 545] is

that the marginal value product of cotton insecticides is in most instances

(except California) falling. Ranges for marginal productivity per dollar spent

on insecticides were 32 to 2 in 1964, 17 to 1 in 1966, and 26 to 0.25 in 1969.

Generally, Carlson found the marginal products did fall by at least 50 percent.

Another line of benefit analysis is also present in work such as Pimentel

et al [1978]. The total value of U.S. agricultural production output is de-

rived (ignoring price impacts) with and without pesticides. The difference is

divided by the total expenditure on pesticides. Such an estimate leads to a

measure which is an average product (which Pimentel et al incorrectly compare

directly with Headley's marginal product). The Pimentel et al results indi-

cate that the return (or average) per $1 spent is $4. Hawkins, Slife, and

Swanson [1977] present a similar analysis at the farm level for corn and soy-

bean herbicides which presents a return between $3.30 and $4.89. Cashman,
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Martin, and McCarl [1980] present an average return of $8 in a corn and soy-

bean herbicide case. Shaw [1978] presents some aggregate estimates derived

in essentially the same manner.

Results from value-of-output studies can be questioned for several rea-

sons. First, the estimates are potentially misleading in that:

a) With the econometric approach, the data used are tenuous and do not

incorporate information about such factors as risk, resistance, resur-

gence, secondary pests, land type, etc. Further, the data are cross-

sectional and aggregated in nature. Thus, it is very difficult to

uniquely identify the pesticide impact (Headley [1971] discusses

this) with the data.

b) Aggregate estimates based on the method used in Pimentel rely entirely

on data that are guesses of yield under zero usage of pesticides. Fur-

ther, price effects are not considered.

Second, the theoretical and practical basis of the estimates is question-

able in that a) the benefits are mainly private and not social, so may under-

state benefits; b) the benefits are attributed principally to producers which

is very misleading--consumers have been the main beneficiaries of technological

improvements (Taylor [1980] or McCarl [1981a]).

Value of Resources Released

The value of resources released due to production of food by pesticides

is clearly an alternative measure of pesticide benefits. Within the litera-

ture, a thorough appraisal has not appeared relating to this topic. Carlson

and Castle [1972] introduced this point and briefly dealt with it when dis-

cussing labor outflows and changes in relative factor use. The exact role

of pest controls in this situation, and the value thereof, remain unstated.

Willingness to Pay

Willingness to pay for pest control on behalf of the populace is an obvious

indication that benefits exist. Carlson and Castle again note this aspect of

benefits, pointing out that expenditures on direct pest control and pest con-

trol research (through university employment of scientists) have risen. Eichers

[1980] also presents recent information about pesticide use.
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The willingness-to-pay aspect also has been used to estimate the demand

for pest control. Carlson [1975, and 1976] with Debord [1977], has conducted

this work, estimating demand curves for various pest controls based on expend-

itures.

Changes in Surplus

Average benefits of pesticides have been estimated using the producers'

and consumers' surplus framework (as suggested in Headley and Lewis [1967]).

The general framework is used in Taylor [1980] and McCarl [1981a] and reviewed

by McCarl and Brokken [1981]. Empirical studies applying this framework mainly

appear in conjunction with a mathematical programming model of the agricul-

tural sector (e.g., Taylor and Frohberg [1977], Taylor and Lacewell [1977],

and Burton [1980]).

The work in this area is more economically satisfying than the work in

the other areas because both producer and consumer benefits are considered in

a framework which develops price and quantity impacts and adjustments to mar-

ket conditions. Taylor and Frohberg show that pest controls cause consumers

to lose, but producers to gain. Distributional impacts also are shown. Tay-

lor, Lacewell, and Talpaz [1979] present another similar analysis.

Alternative Benefit Measures

Pest controls may be viewed as a mechanism for more than just income en

hancement. Carlson [1979d] studied the impact of pesticides on variability.

He concluded that, in the short run, yield variability should be reduced by

pesticide application. He leaves the long run impact unclear [p. 24]. Carl-

son [1979d] also reviewed evidence relative to variability of various practices

and concluded there is a difference. Hall [1977] earlier showed a variability

difference between types of consultants.

Young [1977] and Fonollera [1977] present analyses which look at the im-

pacts of weed control through the factor markets. Their results point out the

need to consider distributional impacts across farm sizes and labor classes,

particularily in developing countries.

Benefits - Summary and Appraisal

Benefit estimates for pest controls have been derived by several authors

and in many cases approach figures such as $4 for $1 invested. Estimates of
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this sort, while done in a scholarly fashion, can be questioned on several

grounds involving both their derivation and use:

1. Empirical findings showing marginal benefits greater than marginal

costs (as yielded by the studies using Cobb-Douglas functions) are

inconsistent with theory. Theory would predict that the marginal

returns should be close to or tend toward the marginal cost. Several

explanations can be suggested: a) with resistance and technical obso-

lescence, farmers are continually in a learning stage and do not get

to a true equilibrium; b) because of the data's cross-sectional nature,

many factors (i.e., pest incidence, crop variety, etc.) are not in the

model, thus creating unusable results; c) the aggregate nature of the

data (i.e., statewide) leads to a poor base for estimation and may

result in estimates of average rather than marginal product; d) the

functional form may not be satisfactory and alternative functional

forms may lead to very different impact conclusions; e) important vari-

ables may be omitted; f) farmers have recognized spillovers, etc., and

restrict their usage based on these factors; g) risk plays an important

role, and i) farmers consistently underutilize pest control.

2. Average estimates should be above marginal estimates. Thus, high

average benefits do not necessarily suggest a need for increased pesti-

cide use. In fact, the approximate equality of Pimentel and Headley's

estimates (done 10 years apart) could lead to the conclusion that the

marginal benefit of pest control has fallen considerably.

3. Studies performed suggest that stability is an important benefit.

4. Many estimates ultimately are based on estimates of alternative yield

impacts which are uncertain without question. Paradoxically, the

impact of fluctuations in these parameters has not been examined.

5. Use of equilibrium models such as mathematical programming (which

assure marginal benefits equal to marginal costs) and the existence

of marginal benefits which do not equal marginal costs are not

exactly consistent phenomena.

Costs of Pest Controls. Pest controls have various sorts of costs. These

costs may be considered under the categories of development costs, use costs,

and spillover costs.
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Development Costs

These occur in the process of developing a pest control. Accounting of

such costs can be extremely difficult because it conceivably involves a separ-

ation of costs arising from several simultaneous activities. Allocation of

development costs to a particular activity is difficult. Time value of money

is also a factor.

Development costs of pest controls have not been widely studied by eco-

nomists. Virtually all estimates of benefits and costs (outside the regula-

tory arena) have been made on a one-year basis so these costs often have been

ignored. Harris [1979] provides a rather complete consideration of develop-

ment costs for a control. Marnet [1977] and Smith [1972] also offer informa-

tion on trends in development costs stating they are increasing rapidly, in

part because of the regulatory burden.

Use Costs

Developing application cost estimates for pest controls is not extremely

difficult nor is the literature concerning the topic extensive. Four short

points can be noted. Hawkins, Slife, and Swanson [1977] provide a good example

of cost development. When looking at costs, implicit opportunity costs of

changes in resources easily can be ignored (Cashman [1980] provides an example

of how these change with strategy). Third, certain costs, such as spillover

costs, should be considered. Finally, consideration must be given, particul-

arly in developing countries' settings, to the true cost of the resources

employed (i.e., the shadow value of labor, rather than a distorted wage rate).

Spillover Costs

Economic literature has addressed spillover costs of pesticides. Herfin-

dahl and Kneese [1965] originally raised the issue, followed by a more detailed

analysis in Headley and Lewis [1967]. This subject, in large part, involves

the classical economic problem of externalities (as reviewed by Mishan [1971]).

However, the spillover impacts are slightly broader than the topic of economic

externalities. An externality fundamentally involves an effect brought about

by one individual which alters another individual's utility. This definition

does not appear to cover the case where a pest control measure inadvertently

alters the farm's own production function (e.g., through resistance, predators,

residues, etc.). The term "spillovers" is used to encompass these impacts.
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Students of pest management have mentioned the importance of spillovers

in pest management. Headley and Lewis [1967] discussed spillover impacts on

human health, and fish and wildlife. Later studies have pointed out effects

on crop production, insect resistance, and non-target insect species. Although

many authors have echoed this theme (Richardson and Badger [1974]; Norgaard

[1976]; Smith [1971]; Ridgeway et al [1978], etc.), few have pursued it.

Headley and Lewis [1967] made a serious attempt to determine impacts on

human health and wildlife. Mainly, they quantified some spillover results.

Pricing was not done although the issues involved were discussed.

The first serious effort to assess the total cost of spillovers was

reported initially by Langham and Edwards [1969], then by Langham [1972], and

in Langham, Edwards, and Headley [1972]. Using data from 1966-67, a point

estimate was derived on the cost of externalities (ignoring long-term on-farm

impacts) from the use of organic phosphates in Dade County, Florida. Spillovers

were measured through personal interviews with growers, veterinarians, and biolo-

gists, along with investigations of insurance claims and examination of U.S.

Public Health Service data on pesticide impacts (Langham, Headley, and Edwards

[1972], p. 198-205). Consideration of externalities was shown to alter "optimal"

decision making.

A second major effort at spillover measurement is that of Siebert [1980]

who examined the interrelationship of bees and insecticide treated almonds.

Siebert's results show that beekeepers suffer substantial losses when their

bees, as non-target species, are subjected to pesticides. These losses amounted

to more than 4 percent of annual California beekeepers' income. The impact of

fewer bees on almond growers' income, however, was about .3 percent. Thus,

while the beekeepers suffered substantially, the almond growers did not have

the incentive to "correct" the situation. However, a bee protection program

was adopted. Siebert further investigated the benefits and costs of the bee

protection program and revealed that almond growers had to pay $255,000 more

and beekeepers gained $977,890. Siebert's article does not report on external-

ities other than those involving bees.

The impacts on the farm production function have not been studied as exten-

sively. As reviewed in the farm level portion of the report, the resistance and

predator impacts have been studied theoretically. An empirical aggregate study
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of these impacts, which are more long run in nature, was conducted by Carlson

[1977]. Carlson showed that cotton pesticide data are consistent with the

theoretical result that such factors as resistance development would lead to

diminishing marginal returns to pesticides and declining demand for a pesticide.

Pesticide residue effect on crop production has been mentioned (e.g., Carl-

son [1979], p. 237) and reportedly there are areas in which the extreme case of

sterilized lands exist. Evaluation of some spillover also has become accepted

fare in the regulation literature.

Finally, under the topic of spillovers, the existence of undesirable spill-

overs (cited in economics as market failure) has been used as an important argu-

ment for public involvement in the pest management arena (an implicit theme as

early as Herfindahl and Kneese [1965] and a theme in the resources literature

as evidenced by Fisher and Peterson [1977]). Theoretical inquiries (e.g., Feder

and Regev [1975]) have pointed out a potential divergence between private and

social optima.

Benefits of Controlling Pests. An alternative way of looking at the bene-

fits question is to examine the benefits of controlling a pest. This area of

research has not been examined in as much detail as the general benefit and

cost concerns probably because of interrelationships among pests, controls and

the environment, and the potential multicrop nature of pest infestation. Econ-

omists, however, have made several attempts in this area.

Again, excluding the regulatory studies, there are several efforts. First

(in a series of studies which are not really economic in nature), there have

been efforts made to quantify the magnitude of losses to pests (USDA [1965a,

1965b], University of California [1965], and Pimentel et al [1978]). These

loss estimates generally have stated a 33 percent preharvest and 9 percent

post-harvest loss. These, then, form an implicit measure of the maximum pos-

sible benefits to pest control.

More formal economic analyses focus on several pests. Carlson [1976]

studied productivity of, and demand for, fire ant control. In a parallel

effort, Carlson and Debord [1976] studied mosquito abatement policies. This

study involved an examination of alternative mosquito abatement programs along

with consideration of abatement demand and economies of size in treatment.
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Taylor and Lacewell [1977] provide an analysis concentrating on the boll

weevil. The analysis used a sector model measuring consumers' plus producers'

surplus. The study considered four treatment possibilities: current practices

versus two IPM practices versus eradication. The potential benefits of eradi-

cation discounted to current basis were naturally the greatest. However, con-

sidering costs, the IPM strategies were considered best. This study points to

the economic unattractiveness of eradication. Lacewell, Larson, Rommel, and

Billingsley [1974] present a related analysis.

Emerson and Plato [1978] worked on the control of witchweed. Considera-

tion was given to the impacts on consumers' surplus and export earnings. The

study considered continuation of the current containment program, expansion aimed

toward eradication, or discontinuance of the program. The analysis is based on

assumptions regarding present and future pest incidence along with estimates of

the cost and yield impact. High rates of return were shown for containment (45

percent); eradication yielded lower rates of return. Benefits to all control

practices were shown although spillover impacts were not considered.

Benefits and Costs - Summary. Conclusive summarization of the benefit-cost

literature is rather difficult, but some general principles may be drawn:

1. Pest controls have been highly productive with an aggregate return of

$4 per dollar spent (e.g., Headley [1968]) and specific returns have

been shown to be even larger (e.g., Emerson and Plato [1978]). Bene-

fits in terms of income stability also have been discussed.

2. Evidence has been gathered that for cotton (the crop which is the

heaviest user of insecticides) diminishing returns to individual

insecticides have been realized (e.g., Carlson [1977]).

3. Studies of the returns to pest controls really have not considered

materials development costs (as done in Griliches [1958] or reviewed

in Arndt, Dalrymple, and Ruttan [1977]). Further, the dynamic nature

of returns and their distribution only have been considered infrequently

(e.g., Taylor and Lacewell [1977]; Emerson and Plato [1978]).

4. Spillover costs are important and, when considered, have been shown to

alter optimal decision-making.

5. Eradication has not been shown to be economically viable.

6. Resource opportunity costs, as they vary on a farm within a year, have

not really been considered to any great extent.
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7. Distributional impacts of pest controls have been studied revealing

definite regional impacts with gains for consumers and losses for pro-

ducers (Taylor and Frohberg [1977]). Distributional impacts have not

been examined in great detail beyond this.

8. Need for public intervention has been argued, because of the existence

of the spillover impacts (McCarl [1981], for more general arguments).

Impacts of Regulations 

The Environmental Protection Agency (EPA) is the principal pesticide reg-

ulatory agency. EPA regulatory options revolve around pesticide registration

(i.e., allowing one to be used) and include initial granting of registration,

suspension of registration, and cancellation of registration. The execution

of these options requires knowledge of the subject pesticide. Regulatory

actions have led, principally through the Rebuttable Presumption Against Regis-

tration process (RPAR), to many studies on the economics of individual pest

controls. Many of these studies have been concerned with the specific impact

of registration cancellation; others also have considered the distributional

impact on pest control use and pest control producers. Alternative policy

actions also have been considered.

Specific Analysis of Potential Regulations. Analysis of potential regula-

tions has led to the largest volume of pest economics literature. This liter-

ature body, luckily, has been reviewed by others (National Academy of Science

[1980]; Council for Agricultural Science and Technology [1980]). Thus, this

review only points out features of other reviews, the vastness of the litera-

ture, and some observations. Methods also will be scanned in a later section.

The vastness of the literature on the subject is best reflected by refer-

ences to Table 6, a partial list of reports which have been or are being pre-

pared in government agencies (USDA, USEPA, states), under the RPAR program,

or by reference to the USEPA [1980] status report listing 9 pages of chemicals

and their accompanying reports. This literature, in fact, grows daily with

many chemicals under review or on the list to be reviewed. For this program,

EPA has contracted with 8 universities to conduct analyses (Table 7). The

bibliography of this report contains references to several regulatory studies.

More current information is available through EPA or USDA offices of pesticide

programs.
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TABLE 6
USDA INDEX OF FINAL DRAFT BIOLOGIC AND ECONOMIC ASSESSMENT REPORTS--SHOWING
CROPS AND OTHER USE SITES ANALYZED

Amitraz - August 1978	 Pronamide - June 1978

Pears	 Lettuce

Apples	 Alfalfa Related Forage Legumes

Benomyl - April 1979

Rice

DBCP - March 1978

Other Crops:
Woody Ornamentals
Bermudagrass Turf
Sugar Beet Seed
Berries

Peaches	 Toxaphene - November 1978
Citrus
Vineyards	 High Volume Uses:

Pineapples	 Cotton
Soybeans	 Soybeans, Sorghum 4 Peanuts

Cotton	 Beef Cattle

Peanuts	 Wheat

Vegetables	 Low Volume Uses:
lesVegetab

Diallate - August 1977	 Onion Seed Crops

Major Crops:	 Southern Peas

Sugar Beets	 Alfalfa Seed Crops

Flax	 Sunflowers

Lentils	 Corn

Peas	 Sheep and Goats
Swine

Minor Crops:	 Beef Cattle Quarantine
Potatoes
Barley	 Trifluralin - August 1978
Soybeans
Corn	 Field Crops:

Alfalfa	 Cotton
Grapes

Dimethoate - April 1979	 Guar and Mang Beans
Mint

Grapes	 Peanuts
Soybeans

Endrin - February 1977	 Sugar Beets

Apples - mouse control	 Sunflowers

Wheat - cutworm control	 Tree Fruits and Nuts
Conifer seeds - rodent control

Vegetables:
Ethylene Dibromide (EDB)	 January 1979	 Broccoli

Brussel Sprouts
Tobacco	 Cabbage
Pineapples	 Cantaloupes
Citrus	 Carrots
Peaches	 Cauliflower
Forestry	 Celery
Termites	 Collards and Okra
Grain Storage	 Cucumbers
Flour Mills	 Dry Beans
APHIS Quarantine Program	 Lima Beans
Peanuts	 Peas
Cotton	 Peppers
Vegetables	 Potatoes
Honeycombs	 Snapbeans

Southern Peas
Lindane - April 1979	 Tomatoes

Hardwood Logs, Lumber	 Watermelon
Seed Treatment
Forestry	 2,4,5-T - February 1979

Livestock	 Timber Production
Pineapples	 Range and Pasture Forage
Ornamentals	 Rights-of-Way
Christmas Trees	 Rice
Pecans
Pets
Structures
Household
Cucurbits

SOURCE: Ted Kuntz, USDA.
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TABLE 7
USEPA. COOPERATIVE AGREEMENTS FOR RPAR ECONOMIC IMPACT ANALYSIS AT

STATE UNIVERSITIES, FY 79-80

State Focus
(Principal Task II 	 FY's
Sites Subject to	 of Effort

University	 Adjustment)	 (FY 79) 

University of Arizona	 Western Cotton
Lettuce	 7.0

University of California,
Berkeley

Stone Fruit
Pome Fruit
Citrus
Nuts
Grapes
Proc. Tomatoes
Forestry

7.25

University of Georgia Peaches
Pecans
Peanuts
Wood Pres.
Forestry

University of Illinois	 Soybeans
Corn
Other Feed Grains
Small Grains

University of Maryland	 Turf/lawns
Ornamentals
Aquatic Weed Control

Mississippi State University 	 Eastern Cotton
Rice
Cucurbits/Melons
Poultry
Mosquito Control

University of Missouri	 Hay
Grass Seed
Special Projects:
- Econ. Risk
- Health B/C

Virginia Polytechnic	 Apples
Institute	 Tobacco

Eastern Fruits
Vegetables

7.0

5.25

4.0

7.5

3.25

10.25

SOURCE: Arnold Aspelin, USEPA.
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A quick overview of cancellation literature yields a number of observations:

1. Literature has concentrated on many crops and chemicals, in many spec-

ific instances and, because of its immenseness and specificity, making

general conclusions difficult to draw.

2. Authors of such studies frequently face a difficult task as data usually

are not available. In virtually all cases an admirable job has been

done of drawing together data relevant to the particular study. In fact,

data probably are never available in sufficient detail for a regulation

study until the need for most studies has past (i.e., with 20 years of

detailed data, the pesticide to be appraised probably is technologically

obsolete).

3. Economic analyses principally use subjective data based on a combination

of experience and opinion (e.g., Casey and Lacewell [1973]), although

experimental results have occasionally been used (e.g., Cashman [1980]).

4. Farm level behavioral components of substitution between pest controls

(i.e., is this substitution feasible in the labor use pattern, and would

maximization of utility lead to this choice? etc.) generally have not

been integrated into analyses (Cashman [1980] is an exception), leading

to inaccurate results.

S. Regulation studies fundamentally should consider substitution. Many

studies simply have considered substitution of an alternative pesticide

for one at hand. Other studies have gone further and examined substi-

tution of alternative practices, considering impacts other than just

revenue (e.g., the regional study of Reichelderfer and Bender [1979]

and the farm level study of Cashman [1980]). Even more extensive

studies have considered price impacts along with farm production changes

or market level product and factor substitution (Taylor and Frohberg

[1977]; Burton [1980]).

6. Regulation studies, in degrees, attempt to address spillover impacts.

The requirements to do this effectively are extensive (e.g., Langham

and Edwards [1969]; Siebert [1980]; or the requirements imposed by Rich-

ardson and Badger [1974]) and the data are generally unavailable (or

difficult to obtain). In fact, a recent recommendation indicates less

effort should be devoted to valuing human health effects (NAS [1980]).

7. Methodologically, a variety of measures and tools has been applied to

regulation studies.
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8. Regulation studies certainly have not been perfect predictors of regu-

latory impact (for example, the effect of the DDT ban was considerably

overestimated).

9. Long run impacts of regulations are uncertain and not often examined.

10. Discounting has not been performed uniformly. The National Academy

of Sciences [1980] recommends adoption of a 7 percent rate.

11. Carlson and Rodriguez [1980] have shown a large acreage change result-

ing from a mandatory pest control program.

12. Cancellations cause a leftward shift in the supply equation and lead

to social losses which are balanced (hopefully) by gains from reduced

spillovers. More socially efficient methods are possible conceptually.

13. Carlson [1976] has suggested, based on theory, price regulation may be

better than cancellation actions (McCarl [1981]).

Long-Run Regulatory Impact. Regulations, interventions in the market sys-

tem, carry various consequences for different segments of the system. The short

run impacts have been considered in the regulatory studies. Long run impacts

have not been considered as widely, yet assuredly affect production and pesti-

cide producers.

Crop Production Impacts

Pest control regulation embodies short run impacts on crop production which

obviously will be reflected in the long run. These have been dealt with in the

RPAR cancellation literature--resources will be substituted, cost increased, etc.

Several economic studies have examined or suggested other factors. Carlson [1977,

1979d] looked at the long run and suggested that regulation may worsen the pest

resistance situation and alter agricultural stability. Carlson concludes, "It is

ironic that deliberations (on restrictions) have given little weight to effects

on future productivity of substitute compounds" [1977, p. 547].

Regulations not only take the form of EPA regulations, but also institu

tional regulations such as marketing orders, etc., that change the economics

of IPM. Willey [1978] presents a study of such topics as does Pimentel et al

[1979] 0

Pesticide Producer Impacts

A potential government restrictions spillover involves pest control manu-

facturers. Marmet [1977] and Gilbert [1978] both point out that regulatory
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requirements are making development of pesticides significantly more expensive.

Several groups have studied this question (Wechler, Harrison, and Nuemeyer

[1975]; Stanford Research Institute [1977]; Ruttan [1980]). Clearly an impact

has occurred, is occurring, and will continue to occur. A Council on Agricul-

tural Science and Technology (CAST) committee working in the area found a poten-

tial negative impact on the development of specific chemicals which would enter

a narrow market (CAST [1980]). On the other hand, the regulatory removal of

pesticides should expand the market for those remaining.

Regulatory Alternatives. Virtually every author who has discussed pest

control policy has mentioned regulatory options. For example, Carlson and

Castle [1972] propose the following options: a) socialization, b) adminis-

trative regulation, c) modification of incentives, d) tax on externalities,

e) subsidies, f) redefinition of property rights (e.g., pesticide applicator

licensing, changing grading standards), and g) market supply restrictions.

Randall [1972] mentions that market solutions also are possible, but then indi-

cates that excessive transaction costs make these undesirable.

While there are many other possible regulatory actions, apparently only

administrative regulation and redefinition of property rights have been con-

sidered, along with subsidization of research. Seemingly economists, for the

most part, have mentioned the alternatives and have not spent a great deal of

time examining what is best. This is likely because of political realities

and difficulties in quantifying costs of spillovers. Carlson [1976b] has indi-

cated that, on theoretical grounds, there are potential gains from price regu-

lations (taxes) versus cancellations.

The above statement may be too harsh as some effort has been devoted to

regulation forms (at least implicitly). There is a continuum of possible

actions between a total cancellation and an unrestricted market. Enforcement

costs make many alternatives (i.e., cancellations on certain soil types) poten-

tially difficult to enact, though selective registrations have been issued

(i.e., registering a pesticide for certain crops only, not for others).

Alternatives to Sole Reliance on Pesticides 

Treatment of pests can be achieved through a variety of techniques. While

analysis of nonpesticide treatments has not been carried out to any great extent,

several studies have been attempted. At the aggregate level, certain "IPMS's"
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(in quotes because of the inconsistency with our'definition) have been examined

by Pimentel and Shoemaker [1974], Taylor and Lacewell [1977], and Reichelderfer

[1979a, 1979b]. Generally these controls have been shown to be socially or

privately profitable relative to traditional chemical controls. Taylor [1980],

however, has pointed out that private profitability may be tenuous depending on

market impacts.

Scouting also has been a subject of great interest with studies by Hall

[1977a, b, c], Grube and Carlson [1978], and Carlson [1979a]. Their conclu-

sions: information from scouting may be profitable and risk reducing. Carlson

[1980] also analyzed factors leading to the quantity of scouting services util-

ized in a region.

Carlson [1979a]] suggests some organizational innovations which may aid in

the general problem area. The final investigation noted here is that of Willey

[1978] which points out some of the barriers to the adoption of alternative con-

trols: technique availability, pest information, informed decision-making, risk,

information delivery systems, profitability, and grading standards.

Alternatives to Pest Control 

Pest control is only one factor in a multi-input production function. Sev-

eral authors have looked at alternatives to pest control in production. The

most popular alternative to examine has been the farm program. Numerous authors

have examined how much new land would have to be brought into production to com-

pensate for reduced pesticide use. Among these examinations were those by Headley

[1971] and Fox [1971] followed more recently by Rovinsky and Reichelderfer [1979].

A second commonly mentioned alternative to pest control is the insurance

alternative. This aspect has been examined by Miranowski, Ernst, and Cummings

[1974] and by Carlson [1979a]. Miranowski et al [1974] conclude that insurance

appears questionable since, in their analysis, a high cost to society arose from

its use [p. 1]. Carlson casts further doubts because of real world character-

istics of the pest control environment and says that insurance should be more

carefully investigated.

Data

Data required for an aggregate analysis within the IPM area are much more

extensive than those required for a farm level study. Tables 8-11 include a
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TABLE 8
AGGREGATE DATA NEEDS: MARKET PARAMETERS OF COMMODITY MARKETS

Market Interrelationships and Judgment on How Far to Extend Coverage 

Current (in some cases, historic) supply demand balance for the
commodities including domestic use, processing use, exports,
stocks, imports, and other supply sources

Own, cross, and income elasticities of demand and supply by
commodity in the various markets

Regional nature of market

Role of quality

Dynamic nature of the market, seasonally and over years

Base period equilibrium

Social nature of commodity consumption (i.e., by income class)

Factor Markets 

Factor market interrelationships and judgment on how far, in terms
of factors and alternative enterprises, to extend coverage

Identification of factor suppliers and users--local supply,
national supply, migration possibilities, demand by other
usages

Own and cross elasticities of factor supply

Regional nature of markets

Dynamic nature of factor supply, seasonally and over years

Base period equilibrium

Trade Parameters of Markets 

Typical transportation routes and costs for commodities

Typical storage patterns and costs

Likely impacts of quality changes on transport and storage
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TABLE 9
AGGREGATE DATA NEEDS: AGRICULTURAL PRODUCTION FUNCTION

Yield response to treatment alternatives based on producer behavior

Substitution possibilities for pest control inputs

Factor usage implications of various pest control inputs

Substitution possibilities between pest control and other inputs

Regional nature of production function

Substitution possibilities between crops

Quality response to treatment alternatives

Differences in production function across farm size

Seasonal value of resources

Currently employed production processes and their characteristics
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TABLE 10
AGGREGATE DATA NEEDS: PEST CONTROLS

Treatment Alternatives 

Description of controls

Complementary nature of controls

Substitution possibilities between controls

Long run outcomes of control reliance

Anticipated time path of adoption

Yield and factor usage

Impacts of Controls 

Short run yield impact

Long run impacts

Resistance
Predators
Residue
Yield interactions

Spillover impacts

Residue retention in land and water

Agricultural production implications
Recreational implications

Human health

Anticipated
Anticipated
Anticipated
Anticipated
Anticipated
Anticipated
Anticipated

impacts
impacts
impacts
impacts
impacts
impacts
impacts

on developers of pest controls
on participants in marketing chain
on applicators
on persons in proximity of applications
on consumers of products
through secondary means
on pests, through water, land, other

Non-target species

Predators - secondary pests
Bees
Crops in close proximity
Livestock uptake
Endangered species
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TABLE 11
AGGREGATE DATA NEEDS: MISCELLANEOUS

Spatial Elements 

Regional location and degree of pest infestations

Regional location of crop production

Regional incidence of current crop treatment methods

Policy Elements 

Likely policy actions

Dimensions of policy interests (i.e., farm income, labor
use, consumer prices, etc.)

Information on importance of various outputs to policy maker

Institutional Elements

Pest related commodity standards

Institutional alternatives to pest control

Constraints on control application (i.e., applicator licenses)

Current regulatory practices and imposed constaints

Pest Control Development Parameters 

Costs--static and dynamic

Foreseeable new control methods

Feasibility of various types of developments

Pest Information 

Mobility

Anticipated spread in infestation

Resistance development potential
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list of broad types of data needed for an aggregate study. The data needs con-

centrate mainly on inputs required, not on outputs used in the decision. In-

formation is needed on the anticipated distribution when data are uncertain.

These data needs supplement those of farm data presented in Tables 2-5. Aggre-

gate data would be augmented most effectively with some farm level studies

which would allow investigators to have good information on farm level response.

Methods and Measures 

Aggregate IPM analysis has been conducted using varied methodologies to

generate numerous measures. This section will address some of the desirable

measures, then discuss methods to obtain the measures.

Measures. The fundamental measure involved in aggregate IPM is a measure

of welfare. Welfare, however, has many dimensions; Table 12 gives a set of

desired outputs. Data on these outputs could assist policy making. Informa-

tion would be desirable on both a national and regional basis. In some cases,

it would be beneficial to have distributional impacts across such things as

farm size or consumer income class. These measures, however, are difficult

to quantify to this level.

All measures in Table 12 are rather standard fare in the economic litera-

ture; hence, discussion would be repetitious, but four comments are necessary.

First, the more information the better; second, obtaining information does have

a cost, a cost which must be considered; third, income change or gross produc-

tion value change should be used with care if it is the only measure (potential

price effects should be considered); fourth, two pieces of evidence conflict.

On the one hand, there is the precision of the measures (i.e., the cost of an

action is $1,503,921 when this is really not known within 10 percent) whereas,

on the other hand, there is the extremely uncertain nature of the data underly-

ing these estimates. Thus, the measures employed have been too precise and

uncertainty should be incorporated.

Methods. Many alternative methods have been employed in IPM economic

analysis. Several authors (i.e., Reichederfer et al and CAST [1980]) have

attempted to compare various methods. The efforts ahve been somewhat

counterproductive for three reasons.
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TABLE 12
DESIRED OUTPUTS

Consumers' Surplus

Producers' Surplus

Farm Revenue

Commodity Disappearance - production, imports, exports, domestic
consumption, processing consumption, changes in stocks,
feeding, etc.

Commodity Prices

Aggregate Laspayres and Paasche price and quantity indices

Factor Use

Factor returns

Factor payments

Revised production budgets

Transportation patterns

Pest control strategy use

Spillover impacts

Anticipated future productivity of controls

Human health

Non-target species

Residue retention

Pest control marginal and average product

Induced regional economic activity

Value of trade

Balance of payments
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First, the choice of a method is a function of the method's desirable and

undesirable characteristics and data availability, along with the method user's

capabilities and time. Not all people can be expert in all things nor do they

have time to do a 2-year study when the answer is required tomorrow. Often the

"worst" method can be used very satisfactorily when used by one who understands

it and its limitations, then correctly applies it to the problem.

Second, economists (probably because of the nature of journals encouraging

"new" methods) have been method obsessed. The problem should be well understood

first, especially with the complexity of problems in the IPM arena.

Third, many economists behave as if methods are complete substitutes for

one another (probably because courses are taught by experts in the individual

fields without "cross fertilization"). Quite the contrary, methods should be

used, or at least considered, in many cases, as complements. Hopefully the

methods section below will be read with these comments in mind, as it was con-

structed that way.

Methods can be separated into a hierarchy. For this portion of the review,

methods will be separated into those for data development and those for experi-

mentation.

Data Development

Data always have been synthesized in some fashion or another from a set of

observations. These observations may be developed from current experiments or

historical events. This question, however, will be ignored and the review will

concentrate on two methods for deriving data from a set of observations: deduc

tive accounting and econometric estimation (a rather fuzzy distinction).

Finally, before beginning, a general observation: all the studies and

methods are hampered by the availability of data. The more complex the method,

usually the more data required and the larger the potential for inaccurate

results because of meaningless data.

Deductive Accounting: Deductive accounting involves the development of an

estimate (of a point, a distribution, or a function) from a set of data through

the use of an assumption based approach. The best way of clarifying this defini-

tion is through example, as in the following case: the yield impact of a new pest

control may be deduced by having an experienced pest scientist examine the nature
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of the pest control, and then having the scientist estimate yield under this con-

trol. The profitability of this control is then deduced by taking this yield

impact times current price minus the current costs of inputs. Thus, deductive

accounting is a data synthesis technique which manipulates a set of data by an

assumed procedure to derive other data. Such an approach is widely used in the

IPM economics literature because it provides the base data in most cancellation

studies and many other instances. The advantages of this approach are a) its

seemingly logical approach to deriving data, b) the speed with which data may

be derived, and c) the fact that larger data sets may be "deduced" from smaller

data sets. The disadvantages of this approach are a) its susceptability to bad

assumptions or bad initial data, b) its lack of statistical reliability, c) its

potential lack of independent repeatability (i.e., having another person arrive

at exactly the same data), and d) its difficulty in handling uncertainty.

Econometric Estimation: Data also may be estimated by econometric (or

statistical) estimation techniques. Cross sectional and/or time series data

are analyzed using statistical principles to yield a relationship based on

statistical synthesis of history. The tools utilized involve all methods of

statistical estimation including means, variances, single and multiple equa-

tion regression, and a multitude of related methods. These tools also have

been used in the IPM literature, although not to the degree that deductive

accounting has. Relationships may be estimated from historical experimental

data, giving yield impacts (Hawkins, Slife, and Swanson 11979j), yield response

functions (Cashman [1980]), and demand equations for pest abatement (Carlson

[1980]).

Production functions also have been estimated with pest controls as an

input (Headley [1968] or Carlson [1977]). Simultaneous values have been estim-

ated a) relating pests and crops (Lee and Langham [1973]), or b) involving mar-

ket equilibrium models for pest control decision making (Taylor, Lacewell, and

Talpaz [1979]). Advantages of this approach lie in a) its ability to synthesize

historical data statistically, b) its statistical properties, including an uncer-

tainty description, and c) its reproducible nature. Disadvantages arise from its

a) mechanical nature, i.e., the results do not need to make sense, b) reliance

on functional form (changes which can vastly alter implications of variables),

c) lack of a theory base on which exact functional form may be chosen, d) stat-

istical problems among observations (i.e., heteroskedacticity, multicolinearity,
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autocorrelation), and e) reliance on historical or cross sectional data when

dealing with technological change, where past observations cannot always be

generated. Taylor, Lacewell, and Talpaz [1979] present an interesting com-

bination of econometric estimation and deductive accounting to alleviate this

problem.

Data-Using Methods

Once data have been gathered, they must be used. Both techniques above

feed data into the analysis methods. The analysis methods presented here are

classed into budgeting, mathematical programming, and simulation (really all

are "simulation techniques"). Reiterating earlier points: a) these techniques

do not all have to be substitutes; in an analysis, the techniques may be used

for various components performing in parallel or in tandem, and b) a potential

disadvantage of all methods is the underlying data base.

Budgeting: The logical extension of deductive accounting in terms of analy-

sis tools is budgeting. One variant of the method is simply to continue the

deductive process until the point that the ultimate outputs for the decision are

reached, i.e., using the regional distribution of acreage to develop national

yield impacts, similarily extrapolating income impacts. Budgeting (often called

"simple budgeting") is a widely misunderstood analysis tool. Quite often, econ-

omists make statements that lack of consideration of price changes is a disad-

vantage, uncertainty is not incorporated, or the analysis is static. These

statements can be either true or patently untrue depending on the deductive

process used in carrying out the budgeting (for example, see National Academy

Report [1980] which reviews studies and recommends procedures for handling

uncertainty and price changes) Examples using simple budgeting include virtu-

ally all the cancellation studies (as reviewed in National Academy of Sciences

[1980]) and the work by Hawkins, Slife, and Swanson [1977].

The advantages of budgeting appear to be a) its potential simplicity, b)

its deductive nature, c) its adaptive nature (under this umbrella anything may

be done), and d) its rapidity of application. The disadvantages are a) a lack

of standardized technique, b) potential faults in the underlying assumptions,

c) lack of worked-out validation techniques, and d) the complex nature of incor-

porating more sophisticated phenomena, e.g., product and factor substitution.
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Mathematical programming: A second commonly used modeling method is math-

matical programming. Mathematical programming (most frequently, linear program-

ming) is a tool which maximizes an objective subject to a set of constraints.

Such a tool has been used often on IPM evaluations.

Mathematical programming models at the sector level generally are used to

simulate the impacts of exogenous impacts on the agricultural sector. Use of

such models requires an objective function which is behaviorally consistent

with sectoral performance. Early models used in IPM evaluations were cost-

minimizing models of the agricultural sector which produced a fixed quantity

of goods (e.g., Pimentel and Shoemaker [1974] and recently, Rovinsky and

Reichelderfer [1979]). Subsequently, aggregate models have been used which

have first order conditions consistent with individual profit maximization

yet simulate market phenomena allowing for both supply and demand adjustments,

using a conditional normative assumption (McCarl and Spreen [1980] for a gen-

eral review and explanation). These models are the so-called surplus maxim-

izing models and have been used in several IPM evaluations (e.g., Taylor and

Frohberg [1977]; Taylor and Lacewell [1977]; and Berton [1980]).

Regional linear programs also were used by Langham and Edwards [1969],

Casey and Lacewell [1973], and Sarhan, Howitt, and Moore [1979]. The advan-

tages of the mathematical programming approach are, 1) its ability to incor-

porate microeconomic supply, interacting through an aggregation process with

sectoral demand, 2) its consistent solution which possesses interrelated

factor--product prices and quantities, 3) its analytic tractability, 4) its

capability for accepting technical change, 5) its capability for accepting

many features of the problem at hand, i.e., risk, dynamics, etc. (McCarl and

Spreen [1980]), 6) its complete and detailed formulation (causing careful prob-

lem conceptualization, consideration and specification), 7) its ability to pro-

duce distributional impacts (by region, factor, product, etc.), and 8) its

ability to capture detailed resource limitations.

Disadvantages of the approach are; a) possible violations of its condi-

tional normative assumption; b) its response characteristics since such models

often overreact to change relative to real world; d) its susceptibility to

the frequent, yet incorrect, desire to put in unrealistic behavioral objective

functions (i.e., minimizing environmental externalities); d) difficulties in
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validating its implicit assumptions, individually or collectively; e) its

mechanical nature; f) its high cost of solution and demand for advanced com-

puter software when working with large models; g) its relative complexity and

an accompanying difficulty of comprehension by others than its developers when

working with a large model; h) its large data needs and the implicit nature

thereof (it is very difficult to check all data thoroughly and the data develop-

ment process is more complex than under simple budgeting, using roughly the same

input); i) its implicit solution characteristics leading to multiple answers

(alternative optimals and/or degeneracies), and j) its rapidly increasing size

as many phenomena are modeled-(especially dynamic aspects).

Simulation: Simulation is an extremely nebulous term. Here, simulation

using econometric equations will be the fundamental topic of discussion. Even

so, the discussion is rather difficult. Primarily, the accuracy, advantages,

and disadvantages depend on the quality and detail of the estimated equations,

not the method.

Fundamentally, "simulation" using econometric equations involves solution

of these equations given certain values of some exogenous variables. The simu-

lation may be deterministic, in which case, random terms are ignored; or stoch-

astic, in which case Monte Carlo techniques are employed. The simulation, if

set up with recursive relationships, also may be dynamic in nature. Finally,

through a combination of deductive accounting and econometric estimation methods,

technological change may be incorporated (see Taylor, Lacewell, and Talpaz [1979]

or Weisz, Miller, and Quinby [1979]).

Examples of the simulative approach include the applications done by Weisz,

Miller, and Quinby [1979]; Cory, Gum, and Martin [1980]. The applications by

Lee and Langham [1973] and Sarhan, Howitt, and Moore [1979] also bear on the

topic.

Advantages of the simulation approach are, 1) its speed of application,

2) its ability to incorporate stochastic parameters, 3) its ability to siMu-

late a recursive system (although the above two techniques easily can be used

recursively with a simulation type superstructure), 4) its ease of solution

method, and 5) its relatively small nature facilitating communication and

explanation. Disadvantages are, a) difficulties in incorporating a compre-

hensive economic model, i.e., micro through macro phenomena; b) relative
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difficulty in incorporating choice decisions and constraints thereon; c) val-

idation difficulties; d) frequent reliance on simplistic supply response

models; e) lack of standardized techniques; f) lack of optimality criteria,

and g) difficulties in developing sufficient data to build the model and

parameterize the relationships.
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SECTION V

THE LITERATURE VERSUS THE ISSUES

The literature on IPM economics is both vast and shallow (in spots) as

potentially seen by the above review and the attached bibliography. Many

pieces of work have been done, yet this work has not completely covered the

issues enumerated above. The purpose of this section is to appraise this

literature relative to the earlier issues. Before beginning this section,

several general comments are in order.

First, the literature predominantly deals with chemical insect control.

The integrated concept (both between controls and into the farming system) has

not been extensively dealt with, nor has the non-insect pest. Second, the lit-

erature has essentially ignored post-harvest pests. Third, the literature tends

to divide into a methodological portion and an applied portion. Pieces of work

integrating these two arms have not appeared nearly as often as contributions

in each of the arms. Methodological contributions have been inadequately based

in pest realities, while applied contributions have relied on "weaker" economic

methodology. The literature, however, is maturing rapidly in these areas.

Appraisal and categorization of the literature follow, using tables keyed

to the order of topics in Section III. Each table covers one of the general

issues; within the table, the specific issue(s) appear (some issues are best

handled collectively). Under each specific issue, citations are presented for

authors who have discussed the issue in the context of IPM, to the general

economic literature related to the issue, and to authors who have examined the

issue in an applied study. The citations in these tables, while not complete,

should be representative of the work performed.

WELFARE 

Analysis of welfare issues has produced a fairly large IPM economics liter-

ature (Table 13). The earliest contributors in the IPM field addressed and pro-

vided a framework for welfare issues. The regulatory studies are those in which

the welfare issues have been addressed most frequently. The measures of welfare

have been drawn from the traditional cost benefit literature and include both

economic surplus and change in income type measures. Many authors have mentioned
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the need to move into an assessment of impacts broader than those measured in

output space, particularly those items for which market value is not easily

established (pollution, human life). However, these exercises have been few

and far between and, in fact, the dimensions of the welfare issues warranting

attention have not been well defined. Perhaps an application of multi-attribute

utility theory, as discussed in Keeney and Raiffa [1976], would be appropriate.

The welfare measures utilized, to a great extent, have been rather partial;

most frequently, only a single market is considered. Further, in many cases (as

discussed in the NAS review [1980]) welfare changes have been ignored in favor

of income changes.

Costs and benefits of pesticide use have been investigated by several

authors. Many of the analyses have been either, 1) based on estimates of crop

losses, circa 1965, and have ignored price impacts, or 2) based on rather aggre-

gate cross-sectional data which may severely bias estimates. Further, these

studies have uniformly ignored impacts other than short run yield impacts.

In this literature, opportunities exist for well conceived studies pro-

viding:

1) A definition of the dimensions of welfare;

2) An investigation of how, in a particular case, these dimensions

apply and are valued;

3) An investigation of the total welfare impact in a case study;

4) An investigation of the impacts of neglecting related commodities;

5) A thorough investigation of the costs and benefits from pesticide use.

These studies could take several directions: a) farm level studies of the

marginal impact of pest control in several important cases; b) aggregate studies

of the impact of pest control in either a one-year setting (examining spillover

impacts, factor market impacts, and product market impacts) or a multi-year

setting (examining long run impacts, development costs, etc., along with the

short run impacts); c) methodological inquiries on the reliability of the vari-

ous approaches.

DISTRIBUTIONAL IMPACTS 

Distributional impacts have been studied in several cases (Table 14). The

distribution of welfare probably is more important than the change in welfare.



Specific Issue(s)

Dimensions of Welfare
Who Makes Decision

Authors Who Discuss
Topic

Headley & Lewis [1967]
Headley [1975]
EPP et al [1977]

Authors Who Give
Applicable Theory 

Keeney & Raiffa [1976]

Authors Who Investigate
Issue in IPM Context

Headley E Lewis [1967]
Langham & Edwards [1969]

TABLE 13.
WELFARE

Measures of Welfare
and

Presentation of Measures

Headley ? Lewis [1967]

Nat'l Acach of Science [1980]
EPP et al [1978]
Ridgeway et al [1978]
CAST [198UT

McCarl & Brokken [1981] Nat'l Academy of Science
[1980]

Taylor E Frohberg [1977]
Emerson & Plato [1978]
Langham & Edwards [1969]

Valuation of Welfare
	

Langham t Edwards [1969] 	 Haefele [1972]
	

Langham & Edwards [1968]
Richardson E Badger [1974]	 Keeney & Raiffa [1976]

	
Richardson E Badger [1974]
Carlson [1975]

Costs and Benefits
of Chemical Pesti-
cide Use

Headley [1968] Mishan [1976]
Voorhees [1980]
Freeman [1979]

Acadley [1968, 1971]
Fisher [1970]
Campbell [1976]
Pimentel et al [1979]
Voorhees [1980]
Shaw [1978, 1979]
Fisher [1967]

Trade-offs Between
	 Headley [1967]

	
Keeney & Raiffa [1976]

	
Numerous Regulatory Studies

Undesirable Impacts
& Benefits



TABLE 14.
DISTRIBUTIONAL IMPACTS

Authors Who Discuss	 Authors Who Give	 Author Who Investigate
Specific Issue(s)	 Topic	 Applicable Theory	 Issue in IPM Context

Distribution of Welfare
Between Classes

Headley & Lewis [1967]
CAST [1980]
NAS [1980]
Taylor [1980]
McCarl [1981a]

Bonnen [1969]
Haveman ? Krutilla [1968]
Mishan [1976]

Taylor & Frohberg [1977]
Taylor & Lacewell [1977]
Burton [1980]

Regional Distribution	 CAST [1980] Bonnen [1969]
Haveman & Krutilla [1968]

Headley [1971]
Casey & Lacewell [1973]
Taylor E Frohberg [1977]
Taylor & Lacewell [1977]
Burton [1980]
Rovinsky & Reichelderfer

[1979]

Class Distribution	 McCarl [1981a] Bonnen [1969]
Johnson [1973]
Mishan [1976]

Young [1977]
Fonollera [1977]
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Following Bonnen's [1969] arguments, making policy without knowledge of distri-

butional impacts may lead to a contradictory and improper policy mix. Studies

of the distributional impacts have concentrated on broad groups (producers-con-

sumers, landowners-laborers, regional groups). There is a small literature

going beyond these broad groups into the consequences on farm size and/or income

distribution (although some studies have shown that various size farms use dif-

ferent levels of pest control). This situation again opens possiblities for

research carefully assessing the distributional impacts of an initiative in the

IPM arena. This could take the form of either a current or historical study of

the impacts of a cancellation on IPM usage. The dynamic aspects of distribution

appear to have been totally ignored.

LOCUS OF COMPARATIVE ADVANTAGE 

Change in locus of comparative advantage has been persuasively mentioned

as a side effect of IPM techniques (Headley [1972]). The IPM economic liter-

ature (Table 15), however, has not really addressed this issue beyond showing

that differential regional impacts are present, suggesting a number of possible

extensions:

1) a historical analysis attempting to link IPM strategy use with shifts

in production;

2) a current analysis concentrating on the differential impacts of pesti-

cide use, given the location of production (for all pesticides, or on

specific cases).

INDUCED IMPACTS 

The investigation of induced impacts from pesticide use, while extensively

covered in the regional economics and water literature, has not received much

attention in IPM economics literature (Table 16), other than a brief mention

in Headley [1972]. Research in this area basically could address the issues

involving:

1) first and fundamentally, whether secondary benefits of IPM have been

significant and/or the conditions in which they are significant;

2) a historical and/or current study of the impacts on terms of trade,

both interregionally and potentially internationally.



TABLE 15
LOCUS OF COMPARATIVE ADVANTAGE

Specific Issue(s)

Differential Impact 

Authors Who Discuss	 Authors Who Give
Topic	 Applicable Theory 

Headley [1972]	 Bressler E King [1970]

Authors Who Investigate
Issues in IPM Context 

Pimentel & Shoemaker
[1974]

Taylor & Frohberg [1977]
Taylor E1 Lacewell [1977]
Burton [1980]

Location of Production Headley [1972]	 Bressler 4 King [1970]

TABLE 16.
INDUCED IMPACTS

Specific Issue{s)

Within Region Benefits 

Authors Who Discuss	 Authors Who Give
Topic	 Applicable Theory

Headley [1972]	 Miernyk [1965]

Authors Who Investigate
Issues in IPM Context  

Are Secondary Benefits	 Stoevener F Kraynick [1979]
Worth Studying

Impacts on Interregional	 Bressler & King [1970]
Terms of Trade
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SPILLOVER IMPACTS 

Perhaps the topic which has received the most recent public attention in

the IPM arena is spillover impacts. Paradoxically, in-depth economic work in

this area has been rather sparse (Table 17). Many attempts have been made to

develop the spillover impacts of certain strategies within cancellation studies.

Very few attempts have been made to derive estimates of social cost arising from

these impacts. What work exists forcefully points out a difference between pri-

vate and social optimum usage; it also has been biased toward short run pesti-

cide impacts. Longer run impacts have not been extensively studied (apparently

because of data difficulties) nor have spillovers from "biological" controls.

This issue leads to a rich and significant agenda of possible further

efforts:

1) The economic impact of IPM use in terms of spillover cost along with

other costs and benefits should be measured either historically or

currently.

2) The long run impacts of IPM strategies are in need of analysis.

3) "Biological" control spillover impacts should be examined.

MARKETS FOR AGRICULTURAL INPUTS 

Impacts of strategies on agricultural input usage has been examined only

indirectly (Table 18). The more macro studies generally note the difference in

land use and land values in their models. Little has been done to examine use

outside of agriculture, input migration, etc. Research obviously could dwell

on who has or will obtain the returns to factors and how factors have shifted

or will shift among uses and regions from IPM actions. Impacts of proposed

policy on markets also could provide a wealth of areas for investigation.

TIME RATE OF SOCIAL PREFERENCE 

The establishment of a time rate of social preference for use in any study

has long been subject to debate. Although debate has not entered into the IPM

literature (Table 19), a diversity of discount rates has been used; recently,

an NAS study recommended 7 percent. This may be an area in which work should

investigate what value should be used. Dynamic impacts largely have been

ignored and provide a fruitful research area.



TABLE 17
SPILLOVER IMPACTS

Specific Issue(s)
Economic Impact

Authors Who Discuss
Topic

Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context

Humans Headley 4 Lewis	 [1967] Mishan [1971] Numerous cancellation
studies as reviewed in
NAS	 [1980]

Nontarget Insects Mishan [1971]
Chueng [1973]

Siebert	 [1980]

Crop Yield	 Carlson [1977] Henderson E Quandt [1965]
Anderson, Dillon &

Hardacker [1977]	
09

Pest Presence
	 Adkisson [1972]	 Feder F Regev [1975]

Predators	 Shoemaker [1973] Gordon [1954]	 Feder'& Regev [1975]
Shoemaker [1973]

(continued)



TABLE 17 (continued)

Environmental Degradation 	 Headley & Lewis [1967]

Specific Issue(s)
Economic Impact

Authors Who Discuss
Topic

Authors Who Give
Applicable Theory 

Ayres & Kneese [1969]
Mishan [1971]

Authors Who Investigate
Issue in IPM Context

Langham & Edwards [1969]
Feder & Regev [1975]

Pest Resistance Carlson [1971] Taylor & Headley [1975]
Mishan [1971]

Gordon [1954]

Hueth & Regev [1974]
Gutierriz, Regev &

Shalit [1979]
Sarhan, Howitt E

Moore [1979]
Carlson [1977]

Reflecting Cost on Farmers 	 Carlson & Castle [1972]
McCarl [1981a]

Mishan [1971]
Randall [1972]
Anderson et al [1977]
Davis & Kamien [1969]

Biological Controls	 Carlson [1976]
Norgaard [1976]

Mishan [1971]



TABLE 18
MARKETS FOR AGRICULTURAL INPUTS

Specific Issue(s)

Factor Use Impact 

Authors Who Discuss
Topic

Headley [1972] 

Authors Who Give
Applicable Theory 

Henderson & Quandt [1965]

Authors Who Investigate
Issue in IPM Context  

Taylor & Frohberg [1977]
Taylor & Lacewell [1977]
Young [1977]
Fonollera [1977]

Factor Shift Among Uses

Factor Prices Henderson & Quandt [1965] Taylor & Frohberg [1977]
Taylor & Lacewell [1977]
Young [1977]
Fonollera (1977]

TABLE 19
TIME RATE OF SOCIAL PREFERENCE

Specific Issue(s)
Authors Who Discuss

Topic
Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context

Time Rate Nat'l Academy of Science
[1980]

Norgaard [1976]

Baumol	 [1968]
Herfindal &

Kneese	 [1974]

Emerson & Plato [1978]

Taylor & Lacewell 	 [1977]

Dynamic Impacts Griliches	 [1958] Cory, Gum & Martin [1980]
Emerson 8 Plato [1980]
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QUALITY AND GRADING 

Quality standards for food products are often cited as one of the principal

reasons for pesticide overuse. Economic studies involving this connection have

really not been performed (Table 20). In fact, it was difficult finding appli-

cable theory. Obvious research questions then involve the impact of grading

standards on welfare type along with an analysis of the implications and accepta-

bility of changes.

RESEARCH AND DEVELOPMENT 

Although studies are under way (by CAST and proposed by Ruttan) on research

and development within the IPM arena, detailed work has yet to appear (Table

21). A host of important issues only have been mentioned accompanied by rela-

tively scanty detailed analysis. Paramount among the things that could be con-

sidered are:

1) A determination of the need for public action aimed toward either direct

public research and development or indirect public support for research

and development.

2) A determination of whether the current level of research effort is

sufficient.

3) An investigation of the influences on research and development that the

recognition of spillover impacts and accompanying regulation has had.

FARM LEVEL DECISION-MAKING 

One of the least covered sets of issues in the literature is farm level

decision-making (Table 22). Almost all IPM researchhas either used the con-

cepts of comparative budgeting (in some cases, along with risk aversion) or

assumed a shift in the aggregate farm budget and gone on. The micro economic

foundation of much of this work is suspect. Comparisons between techniques

have not considered resources and their value over time. Little work has been

directed toward alternatives to regulatory cancellations for altering the farm

decisions on IPM use. Finally, most studies requiring second best strategies

for banned controls have identified the replacement strategy based on simple

budgets without consideration of, for example, dynamics, resource availability,

or to a lesser extent, uncertainty.



 

Authors Who Discuss
Topic 

Pimentel et al. [1978]
Willey [1978]

Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context    

Authors Who Discuss
Topic

Norgaard [1976]
Harris [1979]
Brady [1972]
Carlson [1979a]
Smith [1971]
Ruttan [1980]
Marmet [1977]
McCarl [1981a]
CAST [1980] 

Authors Who Give
Applicable Theory 

Arndt, Dalrymple
Ruttan [1978]

Krutilla [1969]

Authors Who Investigate
Issue in IPM Context   



TABLE 22
FARM LEVEL DECISION MAKING

Issue(s)

Authors Who Discuss
Topic

Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context

Specific

Dimensions of Farmer
Welfare

Norgaard [1976]
McCarl [1981c]

Henderson & Quandt [1965]

Valuation of these Keeney 4 Raiffa [1976] Feder & Regev [1976]
Dimensions

McCarl	 [1981c] Henderson & Quandt [1965] Cashman [1980]
Examination of Resource

Compatability of an IPM

Imposition of Desired
Strategies McCarl	 [1981d]

Henderson & Quandt [1965] Carlson [1970]
Reichelderfer [1979]
Hawkins, Slife

Selection of "best" Norgaard [1976]
McCarl	 [1981c]

Swanson [1977]
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Rich potential again exists, involving questions such as:

1) What are the implications of assuming micro economic supply response

in a macro economic study (i.e., a budget with and without pesticides)?

This concern would be particularily relevant when the. _implicit behavior

leading to the budget is assumed, not tested at the farm level.

2) What factors other than profit enter the farmer's IPM decision? Also,

the related question: Might some of these factors explain the "high"

marginal rates of return?

3) Considering transaction costs, farm profitability, resource avail-

ability, etc., what are the best policy methods for changing farmers'

decisions regarding IPM?

4) Should IPM decisions be considered from a total farm viewpoint or is`
simple budgeting adequate?

TECHNOLOGY ADOPTION AND OBSOLESCENCE 

The best technology in the world is not very good if no one uses it. The

economics of adoption, however, really have not been examined for IPM strategies

(Table 23). Some studies have investigated factors leading to differential adop-

tion rates. In terms of obsolescence-, other authors have said resistance devel-

opment may be inhibited by alternating controls. However, a systematic economic

investigation on how management decisions should account for this has not been

done. Research may directly address the issues by, a) trying to discover how

farmers make adoption decisions, along with how they may be stimulated to adopt;

and, b) examining management options for delaying obsolescence.

RISK MANAGEMENT 

Risk is a pervasive feature in the pest control area. In selected cases,

investigations have quantified the magnitude of risk and examined potential

management strategies. Most of the inquiries (Table 24) have focused on short

run risk; only a few have involved long run phenomena. Detailed research has

omitted how farmers react to the presence of risk. Work is possible under

this issue:

a) Examining the amount of risk present with various controls; in par-

ticular, chemical versus "biological" would be interesting.

b) Examining both immediate variability and longer run induced variability.



TABLE 23
TECHNOLOGY ADOPTION AND OBSOLESCENCE

Specific Issue(s)

Adoption Rate 

Authors Who Discuss
Topic

McCarl [1981c] 

Authors Who Give
Applicable Theory 

Griliches [1959]
Binswanger & Ruttan

[1978]

Authors Who Investigate
Issue in IPM Context  

Funk [1980]
Carlson [1980]

Obsolescence Rate Carlson [1977]. Bafta [1973] Regev, Shalit &
Gutierrez [1977]

TABLE 24.
RISK MANAGEMENT

Specific Issue(s)

Short-Run Risk 

Authors Who Discuss
Topic

Carlson [1979d] 

Authors Who Give
Applicable Theory

Anderson, Dillon &
Hardacker [1977]

Authors Who Investigate
Issue in 1PM Context  

Carlson [1970, 1979d]  

Headley [1975]
Southwood & Norton [1973]
Norgaard [1976]

Hall [1977]
Mironowski [1979]
Webster [1977]
Feder [1979]
Cashman [1980]

Long-Run Risk Carlson [1977,1979d] Bussey [1978] Carlson [1977]
Carlson [1979d]

Farmer Attitudes E	 Carlson [1970, 1979c, 1979d]
Response to Risk

Anderson, Dillon &
Hardacker [1977]
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c) Examining not only how farmers should react (in a normative fashion)

to risk, but also how they have reacted in terms of IPM strategy use.

PEST INTERVENTION AND INFORMATION 

A lot of work has been devoted to optimal intervention (Table 25). It

generally deals with how to treat a-single pest optimally. Predators also have

been studied. Thus, quite a number of issues remain unresolved. A brief list

arising from the issues mentioned includes:

1) Unification between sampling theory and control application: there has

been little consideration of the uncertainty implicit in pest counts in

the when-to-treat analyses. Further, the complex and dynamic nature of

the application decision needs to be factored into the sampling scheme.

2) Multiple pests have been ignored and need to be considered.

3) Conditions under which eradication is justified need to be developed.

FARMER SPILLOVERS

Spillover impacts begin with the IPM user, i.e., the farmer. Because of

complexity and data limitations, few attempts have been made to truly examine

the farm level costs and benefits (Table 26). In fact, the rate of technolog-

ical obsolescence raises the question of whether data ever will be adequate.

Nevertheless, there is the opportunity to assess the impact of IPM strategies

and to evolve mechanisms for achieving socially desirable levels of farm use.

SCALE ECONOMIES 

Scale economies have been hypothesized by economists dealing with IPM, yet

not much work has considered them (Table 27). The studies have been limited to

one which shows the impact of set-up time (and cost) on application policy at

the farm level, and the demonstration of scale economies at the regional level.

Some proposals also have been made for regional coordination based on assumed

scale economies. Inquiries may be made along these lines to:

1) further incorporate the fact that the change in resource use is much

less than proportional to the change in quantity applied as it increases;

2) develop information about the types of IPM strategies that have signi-

ficant scale economies and mandate regional approaches;

3) develop or investigate alternative coordination procedures.



TABLE 25
PEST INTERVENTION AND INFORMATION

Authors Who Discuss	 Authors Who Give

Specific Issue(s)	 Topic	 Applicable Theory 

Sampling	 Carlson [1970]	 Schlaiffer [1959]

Authors Who Investigate
Issue in IPM Context

Carlson [1970]

When to Intervene &
How Much to Apply.

Headley [1972]	 Taylor [1976]
Talpaz & Frisbee [1975]	 Henderson & Quandt [1971]

Headley [1973]
Talpaz & Frisbie [1974]
Talpaz, et al
Regev, Gutierrez &

Feder [1976]

Multiple Pests Shoemaker [1973]	 Henderson & Quandt [1971]

Eradication Henderson & Quandt [1971]	 Headley [1972]
Taylor [1976]

Predators	 Shoemaker [1973] Henderson & Quandt [1971]	 Shoemaker [1973]
Feder & Regev [1975]

Extension Method -
Information Dispersal

Miranowski, Ernst &
Cummings [1974]

Carlson [1979a]
Willey [1978]



TABLE 26
FARMER SPILLOVERS

Specific Issue(s)
Authors Who Discuss

Topic
Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context

Farmer Benefits & Costs Norgaard [1976]
Davidson & Norgaard [1973]

Mishan [1971] Langham E Edwards [1969]
Siebert	 [1980]

Reflection of True
Cost

Carlson '& Castle	 [1972] Baumol	 [1972]
Davis & Kamien [1969]
Mishan [1971]

TABLE 27
SCALE ECONOMIES

Fixed Cost Element
of Application

Bafta	 [1965] Talpaz & Borosh [1974]

Existence of Scale French [1977] Carlson & Debord [1976]
Economies

Economically Efficient Carlson [1979a] Sharp & Bromley [1979] Carlson E, Debord [1976]
Scale of Action Norgaard [1976]

Norgaard, Seckler &
Rodosevich [1971]
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DIVERSIFICATION OF CONTROLS 

A farmer may use multiple controls either to minimize resistance progres

sion, treat multiple pests, or reduce risk of control failure. Inquiries into

diversification (Table 28) only have touched lightly on these possibilities.

Research may be conducted on conditions under which control diversification

is desirable.

ECONOMIC INTERRELATIONSHIPS IN FACTOR USE 

A farm is a multifactor, multiproduct production entity; economic research,

however, has not taken this situation into account (Table 29). Interrelation-

ships among factors, product, and factor-products essentially have been ignored

at the farm level, calling for more inquiries integrated into the farming sys-

tem. There also has been a lack of historical analysis of the technical change

inducing impacts (and interrelationships) of IPM availability.

SUBSTITUTION

A key assumption in IPM studies involves substitution possibilities (Table

30). The substitution impact examined in greatest detail involves chemical

substitution, predominantly in regulatory (RPAR) studies, mostly by assumption,

wherein a physical scientist is asked for the next best material. Market sub-

stitution has been viewed explicitly in some studies (or implicitly using price

elasticities). Detailed farm level impacts or adjustment parameters ii.e.,

through factor, other than chemical, or product substitution] have been consid-

ered to a much lesser extent yet. Work concerning substitution per se is not

needed, yet the substitution issue must be thought through carefully when exam-

ining other issues. Further, microeconomic studies should be undertaken to

back up the substitution assumptions in macro studies.

REGULATION

The regulatory process is alive and flourishing in the IPM arena. However,

outside of inquiries into the impact of chemical cancellations, the economic

input has been negligible gable 31). There has been little effort expended

for appraising cancellations versus other actions. Certainly it is possible



TABLE 28
DIVERSIFICATION OF CONTROLS

Specific Issue(s)
Authors Who Discuss

Topic
Authors Who Give
Applicable Theory

Authors Who Investigate
Issue in IPM Context

Diversification Possibility Carlson [1976] Anderson, Dillon F
Hardecker [1977]

Regev, Shalit &
Gutierrez	 [1977]

Cashman [1980]

TABLE 29
ECONOMIC INTERRELATIONSHIP IN FACTOR USE

Specific Issue(s)
Authors Who Discuss

Topic
Authors Who Give

.Applicable Theory
Authors Who Investigate
Issue in IMP Context

Pest Management and
Other Inputs

Norgaard [1976] Henderson 4 Quandt [1965]

Output Markets and
Pest Management

Henderson & Quandt [1965] Talpaz f Borosh [1974]
Headley [1972]
Hall & Norgaard [1974]

Technical Change and
Insecticide Use

Carlson	 [1976]
Miranowski [1979]
Headley [1972]

Henderson E Quandt [1965]

00



TABLE 30
SUBSTITUTION

Authors Who Discuss	 Authors Who Give	 Authors Who Investigate

Specific Issue(s)	 Topic	 Applicable Theory	 Issue in IPM Context 

Leftwich [1970]	 Taylor & Frohberg [1977]

Chemical Substitution	 Carlson & Castle [1972] Henderson & Quandt [1965]	 Numerous ban studies
Cashman [1980]

Factor Substitution Henderson & Quandt [1965]	 Cashman [1980]
Taylor & Frohberg [1977]

Farm Production Change	 Henderson & Quandt [1965] Cashman [1980]
Taylor & Frohberg [1977]
Taylor & Lacewell [1977]
Carlson E Rodriquez

[1980]

Market Impact



TABLE 31
REGULATION

Specific Issue(s)

Goals of Regulatory
Process

Authors Who Discuss
Topic

Authors Who Give
Applicable Theory

Gardener [1979]

Authors Who Investigate
Issue in IPM Context

USEPA 

Economic Impact of
Regulations - as Used

Fox [1971]
National Academy of

Science [1980]
Carlson [1979d]
McCarl [1981d]

Mishan [1976]
Gardener [1979]

Casey f Lacewell [1977]
Numerous Cancellation

Studies
Burton [1980]
Carlson 4 Rodriquez

[1980]

Economic Impact of
Regulations -
Alternatives

Carlson 4 Castle [1973]

McCarl [1981d]

Randall [1972]
Anderson et al [1977]

"Optimum" Regulation Carlson [1976]
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to examine regulatory alternatives and list the consequences. Optimum regula-

tion (within the goals and constraints) may be a desirable area of investiga-

tion also. Studies of the long run impact of regulation on various entities

(producers, consumers, non-target species, IPM strategy producers) would also

appear to be desirable.

INSTITUTIONS 

The study of institutions within natural resources has been a subject

of debate (Castle et al [1980]) which has not been resolved. Institutional

studies within the IPM arena have not been extremely prevalent (Table 32) and

really have not begun to explore the impact of institutions or the desirabil-

ity of alternative institutions. Inquiries need.to address these issues

specifically.



TABLE 32
INSTITUTIONAL ISSUES

Authors Who Discuss	 Authors Who Give	 Authors Who Investigate
Specific Issue(s)	 Topic	 Applicable Theory	 Issue in IPM Context 

Quality Enforcing	 Pimentel et al [1979]
Agencies	 Willey [1978]

Grower Contracts	 Carlson [1979a]

Processors Carlson [1976]	 French [1977]

Institutions Fostering IPM

EPA Cancellations
	

CAST [1980]	 Gardner [1979]
McCarl [1981b,d]

Environmental Groups



TABLE 32 (continued)

Authors Who Give
	

Authors Who Investigate
Applicable Theory 	 Issue in IPM Context 

Other Institutions

Specific Issue(s)
Authors Who Discuss

Topic

Insurance	 Carlson [1979a]
	

Arrow [1963]
	

Miranowski, Ernst &
Ehrlich & Becker [1972]

	
Cummings [1974]

Zeckhauser [1970]

Research Funding	 McCarl [1981b]
Organizations

Farm Programs Fox [1971]	 Gardner [1979] Rovinsky & Reichelderfer
[1979]

Headley [1971]

General Carlson [1979a]
Norgaard, Seckler E

Radosevich [1971]

Randall [1972]
Seagraves [1973]
Ostrom E Hennessy
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SECTION VI

CONCLUDING COMMENTS AND SUGGESTIONS FOR FURTHER WORK

The literature of IPM economics is diverse and addresses many relevant

issues, though many issues remain unresolved. One way to support this state-

ment is to return to the individual components of the words. integrated pest

management.

Pests, as defined, include not only insects, but also fungi, weeds, and

other noxious animals. The literature, however, predominantly orients toward

insects. Much less effort has centered on weeds and fungi. The economics of

such things as small animal control has been largely ignored. The literature

also concerns pests in isolation, failing to account for multiple pest situa-

tions. Finally, the literature totally slants toward pre-harvest pests, ,ignor-

ing post-harvest phenomena.

"Integrated" probably signals the literature's greatest inadequacy. Eco-

nomic studies simply have not been performed which integrate the management of

multiple pests, multiple controls, or pest management into the total farming

system. This observation also is true in terms of non-economic work; inter-

disciplinary research integration has not occurred to any great extent.

Management has been studied extensively although a consistent management

framework has not evolved.

The scope of IPM economic work, in terms of commodities, is limited.

Detailed micro studies principally concern cotton, alfalfa, soybeans, and corn.

There is scope for expansion to other crops (although those studied are among

the most important for considering pest control efforts). Aggregate studies

have treated many more crops, but there is opportunity for investigation of

other pest-crop systems at both the farm and aggregate levels.

Above and beyond the general comments on the IPM economics literature,

there are several specific comments that seem relevant. First, at the farm

level:

1) The concept of economic threshold becomes extremely tenuous in some

cases. Such things as prophylactic pesticide use and multiple appli-

cations dependent on stochastic conditions, seem to place this concept
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in jeopardy. This concept's relevance needs to be reviewed and its use

restricted to a much narrower field of application. However, continued

study of the economics of control application is extremely important.

2) A thoroughly conceptualized integrated model of IPM within the farming

system needs to be developed and researched. The literature approaches

have been partial (i.e., solely looking at IPM use under resistance) and

complex interactions have been ignored. Choice among IPM strategies also

should be considered more extensively.

3) Data for research are difficult to obtain and require considerable time

and interdisciplinary efforts.

At the aggregate .level:

1) The role of public action needs to be reviewed, particularly in the in

vogue area of biological controls. Classical economic arguments state

that public action is required under conditions when either externalities,

common property resources, and/or public goods are present. IPM inquiries

contain all three elements to some degree.

2) Desirable forms of public action need to be considered. Many possible

public actions may be undertaken. So far, total use restrictions, grad-

ing standards, and operator licensing have been used. Many other actions

are possible and have been advocated. Information needs to be generated

on the impact of various schemes.

3) Externality impacts warrant thorough investigation, at least in several

of the cases. An unbiased analysis, anticipatory of future actions,

could be extremely useful.

4) Conditions for eradication need to be explored, particularily in terms

of current efforts.

5) There is undoubtedly need to continue with cancellation studies. How-

ever, economists viewing such work must realize several things: data

for such studies are extremely difficult to obtain in the practical

time frame, thus, complex models may not work out in reality; cancella-

tions are a short term strategy and other methods of eliminating unde-

sirable pest controls may be more efficient in the longer run.

Technically, the image of biological controls promising all positive re-

sults needs to be investigated. Certainly biological controls must be subject

to some externalities, yet this discussion has not appeared.
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Economists should become more involved from an extension viewpoint. Farmers

must be given economic information about principles to consider in IPM strategy

choice and use (i.e., what factors should enter their decision process and how

to weight them). Too, this education should occur on a broader basis than

simply the concepts involved in an economic threshold (for example, considering

the factors mentioned in the farm level synthesis above). Also, the. general

public needs to be objectively informed of the issues and the consequences tied

to various actions.

Overall, IPM economics provides an area for rewarding economic work. Inves-

tigation must be carried forth based on three principles: 1) the area is complex

with many issues involved, all which must be considered; 2) the practitioner must

keep sight of the role of IPM in the farming system including its current costs,

value of resources saved, productivity benefits, and spillovers; and finally,

3) most of the work is interdisciplinary by nature.



107



108

SECTION VII
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that the unavailability of some items and lack of insight have led to misstate-
ments.

Abel, F.H. 1976. "The Use of Economic Information in Registering Pesticides."
Unpublished paper, Commission on Natural Resources, National Academy of
Science. August 15, 1976.

Adkisson, P.L. 1972. "The Integrated Control of the Insect Pests of Cotton,"
Proceedings of Tall Timber Conference on Ecological Control by Habitat 
Management, 4. p. 175-188.

Aldrich, Samuel R. 1978. "Potential Effects of Regulation on Commercial Agri-
culture." Address to the American Society of Agronomy.

Allen, W.A., and J.F. Roberts. 1974. "Economic Feasibility of Scouting
Soybean Insects in Late Summer in Virginia," Journal of Economic 
Entomology, 67(6), p. 644-647.

Anderson, F.R., A.V. Kneese, P.D. Reed, S. Taylor, and R.B. Stevenson. 1977.
Environmental Improvement Through Economic Incentives. Johns Hopkins
Press.

Anderson, J.R. 1974. "Risk Efficiency in the Interpretation of Agricultural
Production Research." Review of Marketing and Agricultural Economics,
42(3), p. 131-184.

Anderson, J.R., J. Dillon, and B. Hardacker. 1977. Agricultural Decision 
Analysis. The Iowa State University Press, Ames, Iowa.

Andres, L.A. 1977. "The Economics of the Biological Control of Weeds,"
Aquatic Botany, 3, p. 111-123.

Andrilenas, P.A. and T.R. Eichers. 1977. "Evaluation of Pesticide Supplies
and Demand for 1977." United States Department of Agriculture Agricul
tural Economics Report Number 366.

Apple, J.L. and R.F. Smith (Eds.). 1976. INTEGRATED PEST MANAGEMENT.
Plenum Press, New York and London.

Apple, J.L. and R.F. Smith. 1976. "Progress, Problems, and Prospects for
Integrated Pest Management," in INTEGRATED PEST MANAGEMENT. Edited by
J.L. Apple and R.F. Smith. Plenum Press, New York.

Arndt, T., D. Dalrymple, and V. Ruttan (Eds.). 1977. Resource Allocation and 
Productivity in National and International Agricultural Research. Uni-
versity of Minnesota Press.

Arrow, K.J. 1963. "Uncertainty and the Welfare Economics of Medical Care."
American Economic Review, 53, p. 941-973.



109

Ashford, R. 1971. "To Spray or Not to Spray." Minutes and Proceedings
Canadian Weed Commission Western Section. p. 37-40.

Aspelin, A.L. 1974. "A Theoretical Framework for Evaluating Risks, Costs and
Benefits of Pesticide Use in Support of Pesticides Regulatory Decisions."
Presented at Summer Meetings, American Agricultural Economics Association,
College Station, Texas.

Auburn University Agricultural Experiment Station. 1978. EVALUATION OF IN
SECTICIDES FOR CONTROL OF BEAN LEAF BEETLES, Leaflet 97.

Auburn University Agricultural Experiment Station. 1978. FALL ARMYWORM:
EVALUATION OF INSECTICIDES FOR CONTROL, Leaflet 93.

Ayers, R.U. and A.V. Kneese. 1969. "Production, Consumption, and Exter-
nalities," American Economic Review, 59, p. 282-297.

Barnes, E.H. 1964. "Changing Plant Disease Losses in a Changing Agri-
culture," Phytopathology, 54, p. 1314-19.

Barr, R.O. 1972. "Ecologically and Economically Compatible Pest Control."
Symposia on Population Management and Integrated Control. 14th Inter-
national Congress of Entomology. Canberra, Australia.

Barr, R.O., P.C. Cota, S.H. Gage, D.L. Haynes, A.N. Kharkar, H.E. Koenig,
K.Y. Lee, W.G. Ruesink, and R.L. Tummala. 1973. "Ecologically and
Economically Compatible Pest Control." In INSECTS: STUDIES IN POPU-
LATION MANAGEMENT, ECOLOGICAL SOCIETY AUSTRALIA I, edited by P.W. Geier,
L.R. Clark, D.J. Anderson, H.A. Nix. p. 241-264.

Bartsch, R. 1978. ECONOMIC PROBLEMS OF PEST CONTROL: EXAMINED FOR CASE
OF GEZIRA/SUDAN. Munich, Germany; Welforum-Verlag.

Baum, K.H. and R.W. Tillman. 1978. "The Economics Behind Integrated Pest
Management," Cooperative Extension Service, V.P.I. and S.U., Virginia 
Agricultural Economics, Number 297, December 1978.

Baumol, W.J. 1968. "On the Social Rate of Discount," American Economic 
Review, 58, p. 788-802.

Baumol, W.J. 1972. "On Taxation and the Control of Externalities,"
American Economic Review, 62, p. 307-322.

Beck, A.E. 1977. "Simulation as an Aid to Decision-making in Animal Disease
Control Campaigns - A Case Study," Proceedings of the Third National 
Conference of the Australian Society for Operations Research, Adelaide,

Australia, August 1977, p. 413-428.

Becker, N.G. 1970. "Control of a Pest Population," Biometrics, 26, (3), p.

365-375.

Beckerman, W. 1972. "Economists, Scientists, and Environmental Catastrophe,"
Oxford Economic Papers, 24, (3), p. 327-344.



110

Bergeron, J. and G. d'Astous. 1980. "House Mouse Populations in Different
Farm Buildings and Livestock Feed Losses." Canadian Journal of Agri-
cultural Economics, 28(2), p. 77-82.

Berryman, A.A. and L.V. Pienaar. 1974. "Simulation: A Powerful Method
Investigating the Dynamics and Management of Insect Populations,"
Environmental Entomology, 3, p. 199-207.

Binswanger, H.P. and V.W. Ruttan. 1978. INDUCED INNOVATION: TECHNOLOGY
INSTITUTIONS AND DEVELOPMENT. Baltimore, Johns Hopkins.

Binswanger, H.P. and S.V.R. Shetty. 1977. "Economic Aspects of Weed Control
in Semi-Arid Tropical Areas of India." Occasional Paper 13. Economics
Department ICRISAT. March 1977.

Bonnen, J.T. 1969. "The Absence of Knowledge of Distributional Impacts: An
Obstacle to Effective Public Program Analysis and Decisions," in The
Analysis and Evaluation of Public Expenditures: The PBB System. TCom-
pendium of papers submitted to the subcommittee on economy in government,
91st Congress. p. 419-449.

Boraiko, A. 1980. "The Pesticide Dilemma," National Geographic, 157 (2),
p. 145-183.

Borcherding, T.E. and R.T. Deacon. 1972. "The Demand for the Services of
Non-federal Governments," American Economic Review, 63, p. 891-901.

Borosh, I. and H. Talpaz. 1974. "On the Timing and Application of Pesti-
cides: Comment," American Journal of Agricultural Economics, 56; p.
642-643.

Bradbury, F.R. and B.J. Loasby. 1977. "Cost-benefit Analysis and Invest-
ment Appraisal in Relation to Pest Control Measures," Pesticide Science,
8, (4), p. 366-376.

Bradbury, F.R. and B.J. Loasby. 19 . "Economics of the Sterility Principle
for Insect Control," International Atomic Energy Agency, SM(186:51),
p. 119-133.

Brady, N.C. 1972. "Challenge to Public Agencies." In PEST CONTROL STRATEGIES
FOR THE FUTURE. National Academy of Sciences, Washington.

Bressler, R.G. and R.A. King. 1970. MARKETS, PRICES, AND INTERREGIONAL TRADE.
Wiley, New York.

Brewer, M.F. 1971. "Agrisystems and Ecocultures, or: Can Economics Inter
nalize Agriculture's Environmental Externalities?" American Journal of 
Agricultural Economics 53, (5), p. 848-858.

Brown, T.' and G. Englefield. 1976. "Some Aspects of the Economics of Using
Herbicides in the Industrial Situation," Proceedings, 1976 British Crop 
Protection Conference, p. 97-102.

Buffa, E.S. 1973. MODERN PRODUCTION MANAGEMENT. John Wiley.



111

Bullen, F.T. 1966. "Locusts and Grasshoppers as Pests of Crops and Pastures-
a Preliminary Economic Approach," Journal of Applied Ecology, 3 (1), p.
147-168.

Bullen, F.T. 1970. "Benefit/Cost Analysis of Various Degrees of Crop Pro-
tection," Proceedings Ecological Society Australia, 5, p. 63-75.

Burton, R. 1980. "Reduced Herbicide Availability: An Analysis of Economic
Impact on United States Agriculture." Unpublished Ph.D. thesis, Purdue
University.

Burton, R. and M. Martin. 1980. "Restrictions on Herbicide Use: An Analysis
of the Economic Impacts on United States Agriculture," Presented at Ameri-
can Agricultural Economics Association Meetings, University of Illinois.

Bussey, L.E. 1978. THE ECONOMIC ANALYSIS OF INDUSTRIAL PROJECTS. Prentice-
' Hall, New Jersey.

Byerly, T.C. 1971. "Role of the Government in the Pesticide Controversy,"
in Economic Research on Pesticides for Policy Decision Making. United
States Department of Agriculture, April 1971. p. 3-13.

California Agriculture. 1978. "Integrated Pest Management," 32 (2).

Cammell, M.E. and M.J. Way. 1977. "Economics of Forecasting for Chemical
Control of the Blackbean Aphid, Aphis fabae, on the Field Bean, Vica
faba." Annals of Applied Biology, 85, (3), p. 333-343.

Campbell, H.F. 1976. "Estimating the Marginal Productivity of Agricultural
Pesticides: the Case of Tree-fruit Farms in the Okanagan Valley,"
Canadian Journal of Agricultural Economics, 24, (2), p. 13-23.

Carlson, G.A. 1969a. A Decision Theoretic Approach to Crop Disease Prediction 
and Control. Unpublished Ph.D. thesis, University of California, Davis.

Carlson, G.A. 1970a. "A Decision Theoretic Approach to Crop Disease Pre-
diction and Control," American Journal of Agricultural Economics 52,
(2), p. 2167223.

Carlson, Gerald A. 1970b. "The Microeconomics of Crop Losses." Presented at
Symposium on Economic Research on Pesticides for Policy Decision Making.
Economic Research Service, United States Department of Agriculture,
Washington, DC. p. 89-101.

Carlson, G.A. 1973. "Economic Aspects of Crop Protection at the Farm Level,"
in CROP LOSS ASSESSMENT METHODS, edited by L. Chiarappa, Food and Agri-
culture Organization, Rome.

Carlson, G.A. 1975. "Control of a Mobile Pest: the Imported Fire Ant,"
Southern Journal of Agricultural Economics, 7 (2), p. 35-41.

Carlson, G.A. 1977a. "Long-run Productivity of Insecticides," American 
Journal of Agricultural Economics, 59, (3), p. 543-548.



112

Carlson, G.A. 1977b. "Economic Incentives for Pesticide Pollution Control,"
in THE PRACTICAL APPLICATION OF ECONOMIC INCENTIVES TO THE CONTROL OF
POLLUTION, edited by J. Stephenson, University of British Columbia Press,
Vancouver.

Carlson, G.A. 1979a. "Insurance, Information, and Organizational Options
in Pest Management," Annual Review of Phytopathology, 17, p. 149-161.

Carlson, G.A. 1979b. "Cotton Insecticide Productivity: Analysis of
Experimental Data," published by The Cotton Foundation, Memphis,
Tennessee.

Carlson, G.A. 1979c. "Pest Control Risks in Agriculture," in RISK, UNCER-
TAINTY AND AGRICULTURAL DEVELOPMENT, edited by J.A. Roumasset, J.
Boussard, I. Singh. Agricultural Development Council, New York.

Carlson, G.A. 1979d. "The Role of Pesticides in Stabilizing Agricultural
Production" in PESTICIDES: CONTEMPORARY ROLES IN AGRICULTURE, HEALTH AND
ENVIRONMENT, edited by Sheets and D. Pimentel. Humana Press, Clifton,
New Jersey.

Carlson, G.A. 1980a. "Economic Aspects of Crop Loss Information," Proceedings
of E.C. Stakeman Crop Loss Assessment Symposium, forthcoming, University
of Minnesota Press.

Carlson, G.A. 1980b. "Economic and Biological Variables Affecting Demand
for Publicly and Privately Provided Pest Information," American 
Journal of Agricultural Economics, Vol. 62 (5), p. 1001-1006.

Carlson, G.A. and E.N. Castle. 1972. "Economics of Pest Control," in PEST
CONTROL STRATEGIES FOR THE FUTURE. Agricultural Board, Washington, D.C.:
National Academy of Sciences. p. 79-99.

Carlson, G.A. and D.V. DeBord. 1976. "Public Mosquito Abatement," Journal of 
Environmental Economics and Management, 3, p. 142-153.

Carlson, G.A. and C.E. Main. 1976. "Economics of Disease Loss Management,"
Annual Review of Phytopathology, 14, p. 381-403.

Carlson, G.A. and R. Rodriquez. 1980. "Farmer Adjustments to Mandatory Pest
Control." Forthcoming in THE MANAGEMENT OF PEST AND DISEASE SYSTEMS,
edited by J. Conway and G. Norton. John Wiley and Sons.

Carson, R. 1970. SILENT SPRING. Revised edition. New York: Fawcett World
Library.

Casey, J.E. and R.D. Lacewell. 1973. "Estimated Impact of Withdrawing
Specified Pesticides from Cotton Production," Southern Journal of Agri-
cultural Economics, 5 (1), p. 153-159.

Casey, J.E., R.D. Lacewell, and W. Sterling. 1975. "An Example of Economical-
ly Feasible Opportunities for Reducing Pesticide Use in Commercial Agri-
culture (cotton)," Journal of Environmental Quality, 4 (1), p. 60-64.



113

Casey, J.E. (and ?). 1974. Economic and Environmental Implications of 
Cotton Production Under A New Pest Management System. Texas Agricultural
Experiment Station, Texas A & M, June 1974.

Cashman, C. 1980. Economic Implications of Pesticide Restrictors on 
Corn and Soybeans in Indiana: A Representative Farm Approach. M.S.
Thesis, Purdue University.

Cashman, C., M. Martin, and B. McCarl. 1980. "Economic Consequences of Re-
strictions on Corn and Soybean Herbicides Commonly Used on Indiana Farms.
Unpublished paper. Purdue University. January 1980.

Cashman, C. M. Martin, and B. McCarl. 1980. "Economic Consequences of
Restrictions on Herbicides Currently Used on Indiana Farms." Presented
at 1980 American Agricultural Economics Association Meetings, University
of Illinois, August 1980, forthcoming in Weed Science 1981.

Cashman, C., M. Martin, and B. McCarl. 1980.  "Economic Impacts of Restric-
tions on Selected Soybean Insecticides: An Analysis of a Typical Indiana
Farm." Presented at 1980 American Agricultural Economics Association
meeting. University of Illinois, August 1980.

Cashman, C., M. Martin, and B. McCarl. 1980. "Impacts of Pesticide With-
drawal on a Typical Indiana Farm: An Economic Analysis." Station
Bulletin 291, Purdue University.

Cashman, C., M. Martin, and B. McCarl. 1980. "Indiana Farm-Level Impacts of
Possible Environmental Protection Agency Bans on Selected Soybean Insecti-
cides." Southern Journal of Agricultural Economics, p. 147-152.

Casler, G.L. 1972. "Economic and Policy Implications of Pollution From
Agricultural Chemicals: Comment." American Journal of Agricultural 
Economics 54, (3) (August 1972). p. 534-536.

Castle, E. 1965. "The. Market Mechanism, Externalities and Land Economics,"
Journal of Farm Economics, 47 (3).

Castle, E.N., M.M. Kelson, J.B. Stevens, and H.H. Stoevner. 1981. "Natural
Resource Economics, 1946-1975:" Forthcoming in A Survey of the Agricul-
tural Economics Literature, Volume III. Edited by L. Martin. University
of Minnesota Press.

Chandler, J.M. 1974. "Economic Losses Due to Weeds," Research Report 27th 
Annual Meeting Southern Weed Science Society p. 192-214.

Chatterjee, S. 1973. "A Mathematical Model for Pest Control," Biometrics,
29, December 1973. 'p. 727-734.

Cheung, S. 1973. "The Fable of the Bees," Journal of Law and Economics,
16. p. 21-34.

Chiarappa, L., H.C. Chaing, and R.F. Smith. 1972. "Plant Pests and Diseases:
Assessment of Crop Losses," Science, 176. May 1972. p. 769-773.



114

Chisolm, T., C. Walsh, and G. Brennan. 1974. "Pollution and Resource
Allocation," Australian Journal of Agricultural Economics, 18 (1),
April 1974. p. 1-21.

Clark, C. 1976. MATHEMATICAL BIOECONOMICS. John Wiley & Sons, Inc. New York.

Coase, R.H. 1960. "The Problem of Social Cost," Journal,of Law.and Economics,
3.

Collins, R.A. and J.C. Headley. 1976. "Alternative Cutworm Strategies,"
Missouri Agricultural Experiment Station Special Report, Number 195.

Conway, G.R. 1970. "Computer Simulation as an Aid to Developing Strategies
for Anopheline Control. Miscellaneous Publications of the Entomological 
Society of America, 7, p. 181-193.

Conway, G.R. 1973. "Experience in Insect Pest Modeling: a Review of Models,
Uses, and Future Directions. In INSECTS STUDIES IN POPULATION MANAGE-
MENT ECOLOGICAL SOCIETY AUSTRALIA I, edited by P.W. Geier, L.L. Clark,
D.J. Anderson, H.A. Nix. p. 103-130.

Conway, G.R. 1976. "The Utility of Systems Analysis Techniques in Pest
Management and Crop Protection," from Proceedings at 15th International 
Congress of Entomology. August 19-27, 1976. p. 541-552.

Conway, G.R. and G. Murdie. 1972. "Population Models as a Basis for Pest
Control." In MATHEMATICAL MODELS IN ECOLOGY, edited by J.N.R. Jeffers,
Oxford, England: Blackwell. p. 195-213.

Coombs, H.C. 1972. "Matching Ecological and Economic Realities," Economic 
Review, 48 (121), March 1972. p. 1-17.

Cory, D., R. Gum, and W. Martin. 1980. "Measurement of Consumer Welfare
Change: A Simplified Procedure for Empirical Research." Presented
paper, Western Economics Association Conference, San Diego, California.
June 15-19, 1980.

Coulston, L. 1969. "An Economic Analysis of Alternative Herbicide Practices."
Unpublished M.S. Thesis, Oregon State University.

Council for Agricultural Science and Technology. 1976. Review of "Investiga-
tion of the Effects of Food Standards on Pesticide Use." Report Number
55.

Council for Agricultural Science and Technology. 1977. "Pesticides for
Minor Uses: Problems and Alternatives," Report 69, August 1977.

Council for Agricultural Science and Technology. 1979. "Review of 68
Recommendations in the California Report on the Environmental Impact
of Pesticide Regulatory Programs," April 13, 1979.

Council for Agricultural Science and Technology. 1980. "Evaluation of the
Socio Economic Benefits from Pesticide Use in Agriculture." Report 86.
Draft 1980.



115

Council for Agricultural Science and Technology. 1980. "Impact of Government
Regulation on the Development of Chemical Pesticides for Agriculture and
Forestry." CAST Report Number 87.

Council for Agricultural Science and Technology. 1980. "Social and Economic
Impacts of Restricting Pesticide Use in Agriculture." CAST Report Number
86.

Council for Agricultural Science and Technology. 1980. "Impact of Government
Regulations on Development of Chemicals Used in Animal Production."
Report 85.

Council for Environmental Quality. 1979. "Integrated Pest Management."
Washington, D.C.

Croft, B.A. 1976(?). "The Economics of Integrated Pest Management in
Orchards," Unnumbered Journal Article, Michigan State University
Agricultural Experiment Station.

Curry, G. 	 Sharpe, D. DeMicele, and J. Cate. 1980. "Towards a Manage-
menti , A0 del of the Cotton-boll Weevil Ecosystem," IIASA Pest Management 
Network, Working Paper Series, Volume 6.

Daum, R.J. 1973. "Pest Management and Economics," Beltsville, Maryland,
November 1973 (unpublished).

Davidson, A. and R.B. Norgaard. 1973. "Economic Aspects of Pest Control,"
Presented at the Conference on Plant Protection Economy, sponsored by the
European and Mediterranean Plant Protection Organization, Brussels,
Belgium, 15 May 1973. EPP/EPPO Bulletin 3, (3) (December 1973). p. 63-75.

Davidson, B.R. 1974. "Economic Aspects of Weed Control," Proceedings Weed 
Society of New South Wales, 6. p. 34-43.

Davis, L.S. 1967. "Investment in Lob-lolly Clonal Seed Orchards. Production
Costs and Economic Potential." Journal of Forestry 65, p. 882-887.

Davis, O.A. and M.I. Kamien. 1969. "Externalities Information and Alterna-
tive Collective Action," in The Analysis and Evaluation of Public 
Expenditures: a compendium of papers submitted to the subcommittee on
economy in government. 91st Congress.

Davis, O.A. and A. Whinston. 1962. "Externalities, Welfare, and the Theory
of Games," Journal of Political Economy, 60.

Dawson, J.H. 1969. "Economics of Weed Control in Sugarbeets," Proceedings 
Washington State Weed Conference. p. 7-11.

Day, B.E. 1978. "The Status and Future of Chemical Weed Control," in PEST
CONTROL STRATEGIES, edited by E. Smith and D. Pimentel, Academic Press,
New York.

Day, B.E. 1972. "Non-chemical Weed Control," in PEST CONTROL STRATEGIES FOR
THE FUTURE. National Academy of Sciences, Washington.



116

DeAlessi, L. 1969. "Some Implications of Property Rights Structures for
Investment Choices Within Government," American Economic Review 59.
p. 13-24.

DeBord, D., G. Carlson, and R. Axtell. 1975. Demand For and Cost of Coastal 
Salt Marsh Mosquito Abatement. Technical Bulletin No. 232, North Carolina
Agricultural Experiment Station, March 1975.

Delvo, H. 1971. "Economic Analysis of Herbicide Use Policies on Nebraska
Cash-Grain Farms," Proceedings: North Central Weed Control Conference,
26, December 7-9, 1971. p. 24-28.

Delvo, H. 1974. Economic Impact of Discontinuing Adrin Use in Corn Production.
ERS-557, USDA/ERS. June 1974.

Dixon, 0., P. Dixon, and J. Miranowski. 1973. "Insecticide Requirements in
an Efficient Agricultural Sector," Review of Economics and Statistics, 55
(4), November 1973, p. 423-432.

Djerassi, C., C. Shih-Coleman and J. Diefman. 1974. "Insect Control of the
Future: Operational and Policy Aspects," Science 186, November 15, 1974.
p. 596-607.

Eaton, C. 1962. "Entomological Considerations in the Economics of Forest
Pest Control." Journal of Forestry, 60. p. 309-311.

Eddleman, B.R. 1979. "Risk/Benefit Analysis of RPAR Pesticides: Improving
the Economic Input." Mimeo.

Edwards, W.F. 1971. "Economic Externalities in'the Farm Use of Pesticides
and an Evaluation of Alternative Policies," in Economic Research for 
Policy Decision Making, United States Department of Agriculture, April
1971.

Edwards, W.F., M. Langhan, and J.C. Headley. 1970. "Pesticide Residues and
Environmental Economics," Natural Resources Journal 10, (4) p. 719-741.

Ehrlich, I. and G. Becker. 1972. "Market Insurance, Self Insurance, and Self
Protection." Journal of Political Economy 80 (4). p. 623-648.

Eichers, T.R. 1971. "Data Sources for Economic Evaluation of Pesticides,"
in Economic Research on Pesticides for Policy Decision Making, United
States Department of Agriculture. April 1971. p. 117-122.

Eichers, T.R. 1980. "Evaluation of Pesticide Supplies and Demand for 1980."
United States Department of Agriculture; Economics, Statistics, and Coop-
eratives Service; Agricultural Economic Report Number 454.

Eichers, T.R. 1980. "The Farm Pesticide Industry." Economics, Statistics,
and Cooperatives Service Agricultural Economic Report Number 461. United
States Department of Agriculture.

Eichers, T.R., P.A. Andrienas, and T. Anderson. 1978. "Farmers' Use of Pesti-
cides in 1976." Economics, Statistics, and Cooperatives Service Agricul-
tural Economic Report 418. United States Department of, Agriculture.



117

Emerson, P.M. and G.E. Plato. 1976. "Social Returns to Parasite and Disease
Control in Agriculture: the Case of Witchweed in the United States,"
Paper presented at the 1976 Annual Meeting of the American Agricultural
Economics Association, Pennsylvania State University.

Emerson, P. and G. Plato. 1978. "Social Returns to Disease and Parasite
Control in Agriculture: Witchweed in the United States." Agricultural 
Economics Research 30 (1). p. 15-22.

Empson, D.W. and P.J. James. 1966. "An Economic Approach to the Potato Root
Eelworm Problem. Great Britain National Agricultural Advisory Service 
N A A S Q. Review 73, p. 22-29.

The Entomological Society of America. 1975. INTEGRATED PEST MANAGEMENT:
RATIONALE, POTENTIAL, NEEDS AND IMPROVEMENT. E.S.A. Special Publication
75-2, August 1975.

Epp, D., E. Tellefson, G. Shute, R. Bear, and K. Wilkenson. 1977.
Identification and Specification of Inputs for Benefit-Cost Modeling 
of Pesticide Use. EPA-600/5-77-012, United States Environmental Pro-
tection Agency Office of Research and Development, August 1977.

Epperson, J. and J. Allison. 1980. "Multiple Cropping and Pest Control
Intensity--Preliminary Economic Results." Presented at the Annual Meeting
of the American Agricultural Economics Association, University of Illinois.

Farnsworth, R. 1980. "A Decision Theoretic Analysis of Alternative Pest
Control Strategies: A case study of cotton growers in California," PhD
thesis, University of California, Berkeley.

Farris, D.E. and J.M. Sproutt. 1971. "Economic and Policy Implications
of Pollution from Agricultural Chemicals," American Journal of 
Agricultural Economics 53, (4), p. 661-662.

Farris, D.E. and J. Sproutt. 1972. "Economic and Policy Implications of
Pollution from Agricultural Chemicals: Reply," American Journal of 
Agricultural Economics 54, (3), p. 536.

Feder, G. 1979. "Pesticides, Information, and Pest Management Under Uncer-
tainty," American Journal of Agricultural Economics, 61 (1), p. 97-103.

Feder, G. and U. Regev. 1975. "Biological Interactions and Environmental
Effects in the Economics of Pest Control," Journal of Environmental 
Economics and Management, 2. p. 75-91.

Fell, H.R. 1977. "A Farmer's Approach to the Socio-Economic Aspects of Crop
Protection," Pesticide Science, 8, (4), p. 375-377.

Fisher, A. and F. Peterson. 1976. "The Environment in Economics: A Survey,"
Journal of Economic Literature, 14, (1), p. 1-33.

Fischer, L.A. 1965. "Pest Control - An Economic Approach," Economic Planning,
1, (2), p. 8-15.



118

Fisher, L.A. 1967. "Economic Aspects of Pest Control in Southwestern Quebech
Orchards," Phytoprotection, 48, (1). p. 23-43.

Fisher, L.A. 1968. "Some Economic Aspects of Pest Control in Agriculture,"
Canadian Journal of Agricultural Economics, 16 (2), p. 90-100.

Fischer, L.A. 1970. "The Economics of Pest Control in Canadian Apple Produc-
tion," Canadian Journal of Agricultural Economics, 18 (3). p. 89-96.

Fletcher, W.W. 1974. THE PEST WAR. John Wiley & Sons, New York.

Fonollera, R.E. 1977. "The Impacts of Government Market Intervention on Weed
Control Technology, Income and Employment: A Case Study of Basic Grain
Farms in El Salvador, Central America." Unpublished Ph.D. Thesis, Oregon
State University.

Fox, A.S. 1971. "Economic Consequences of Restricting or Banning the Use of
Pesticides," in Economic Research on Pesticides for Policy Decision 
Making. United States Department of Agriculture. April 1971.- p. 34-48.

Fox, A.S. 1972. "Economic Impact of Restricting Herbicide Use," Journal of 
Environmental Quality, 1 (4). October-December 1972.

Freeman, A.M. 1979. THE BENEFITS OF ENVIRONMENTAL IMPROVEMENT. Johns
Hopkins Press. Baltimore, Maryland.

Freeman, R.I. and D.R. King. 1966. "A Colloquy on Entomology and Economics,"
Agricultural Science Review, 4 (4). p. 37-39.

French, B.C. 1977. "The Analysis of Productive Efficiency in Agricultural
Marketing: Models, Methods and Progress." In A SURVEY OF AGRICULTURAL
ECONOMICS LITERATURE, VOLUME 1. Edited by L. Martin. p. 94-208.

Frisbe, R. 1976. "Implementation and Economic Returns from the Systems
Approach to Pest Management in Cotton," Proceedings 15th International 
Congress of Entomology. Washington, D.C. p. 587-596.

Funk, T. 1980. "The Farmer Decision Process in Purchasing Herbicides."
Canadian Journal of Agricultural Economics 28 (2). p. 26-40.

Gage, S.H. and M.K. Mukerji. 1978. "Crop Losses Associated with Grasshoppers
in Relation to the Economics of Crop Production," Journal of ,Economic 
Entomology 71 (3). p. 487-498.

Gardner, B.L. 1979. "Economic Analysis of the Regulation of Agriculture,"
American Journal of Agricultural Economics 61 (4) Part 2. p. 732-740.

Giese, R.L., R.M. Peart, and R.T. Huber. 1975. "Pest Management," Science 
(187)(4177), February 21, 1975. p. 1045-1051.

Gilbert, C.H. 1978. "Industry's View on the Benefits and Risks of the
Pesticide Business," Proceedings Southern Weed Science Society, 31st 
Annual Meeting, January 17-19, 1978. p. 14-27.



119

Gilliam, H.O., J. Martion, W. Bursh, and R. Smith. 1973. Economic Conse-
quences of Banning the Use of Antibiotics at Subtheraj'eutic Levels in 
Livestock Production. Technical Report 73-2, Department of Agricultural
Economics and Rural Sociology, Texas Agricultural Experiment Station,
Texas A & M University.

Gilmore, J. and R.H. Fawcett. 1973. "A Risk Analysis of the Control of
Barley Mildew with Fungicides," Proceedings 7th British Insect, Fungi 
Conference, 7. p. 1-10.

Glass, E.H. 1976. "Pest Management: Principles and Philosophy," in INTE-
GRATED PEST MANAGEMENT. Edited by J. Apple and R. Smith. Plenum Press,

NY.

Gonzalez, P. 1970. "Sampling as a Basis for Pest Management Strategies,"
Proceedings of the Tall Timbers Conference on Ecological Animal Control 
by Habitat Management, (2). p. 83-101.

Good, J.M., R. Hepp, P. Mohn, and D. Vogelsang. 1977. Establishing and 
Operating Grower Owned Organizations for Integrated Pest Management.
PA-1180, United States Department of Agriculture Extension Service.
March 1977.

Gordon, D. and K. Klein. 1980. "Determination of the Economic Threshold
for Control of Horn Flies on Beef Cattle: A Whole Farm Approach."
Presented at the 1980 Annual Meeting of the American Agricultural
Economics Association.

Gordon, H.S. 1954. "The Economic Theory of a Common Property Resource: The
Fish Cry", Journal of Political Economy, 62. p. 124-142.

Grainger, J.P. 1967. "Economic aspects of Crop Losses Caused by Diseases,"
Food and Agriculture Organization Symposium on Crop Losses. Rome.

Grant, W.W. and D.C. Dahl. 1980. Bibliography of Economic Regulation of 
Agricultural and Nonagricultural Industries, 1960-79. United States
Department of Agriculture, Economics, Statistics, and Cooperatives
Service. Bibliographies and Literature of Agriculture Number 6.
Washington, D.C. 20250.

Green, M.B. 1970. "The Economic Interactions of Manufacturers and Users of
Crop Protection Chemicals," VII Congress Internationale de la Protection 
des Plantes Paris. September 1970.

Griliches, Z. 1957. "Specification Bias in Estimates of Production
Functions," Journal of Farm Economics, 39. p. 8-20.

Griliches, Z. 1958. "Research Costs and Social Returns: Hybrid Corn and
Related Innovations." Journal of Political Economy 66. p. 419-431.

Grube, A.H. 1979. "Economic Analysis of Field Scouting and Insecticide Use
in Cotton Production." Unpublished Ph.D. dissertation, Department of
Economics and Business, North Carolina State University, Raleigh.



120

Grube, A. and G. Carlson. 1978. "Economic Analysis of Cotton Insect Control
in North Carolina," Economic Information Report 52, North Carolina State
University, Department of Economics and Business, Raleigh.

Grumbly, T.P. 1978. "Policy Coherence Through a Redefinition of the
Pest Control Problem, or 'If You Can't Beat 'em, Join 'em'" in PEST
CONTROL STRATEGIES, edited by E. Smith and D. Pimentel. Academic Press,
New York.

Gutterrez, A. 1978. "Applying Systems Analysis to Integrated Control," in
California Agriculture. February 1978. p. 11.

Gutierrez, A.P., D.W. Michele, and Y. Wang. 1976. "New Systems Technology
for Cotton Production and Pest Management," Proceedings of 15th Inter-
national Congress of Entomology, August 19-27, 1976. p. 553-559.

Gutierrez, A., U. Regev, and H. Shalit. 1979. "An Economic Optimization Model
of Pesticide Resistance: Alfalfa and Egyptian Alfalfa Weevel - An
Example." Environmental Entomology, 8, (1). p. 101-107.

Hadley, G. 1964. NONLINEAR AND DYNAMIC PROGRAMMING. Addison-Wesley Publish-
ing Company, Inc. Reading, Massachusetts.

Haefele, E.T. 1972. "Environmental Quality as a Problem of Choice," from
Environmental Quality Analysis, edited by A.V. Kneese and B.T. Bower,
Johns Hopkins Press: Baltimore. p. 281-332.

Hafez, M. 1974. "Economic and Environmental Implications of Various Pest
Control Measures," from First FAO/SIDA Seminar on Improvement and 
Production of Field Food Crops. p. 598-604.

Hall, D.C. 1975. BIBLIOGRAPHY IN NATURAL RESOURCE ECONOMICS. Department
of Economics. Colorado State.

Hall, D.C. 1977a. "Feasibility and Implementation of Integrated Pest Manage-
ment in California Agriculture," Presentation to XI Annual Meeting Asso-
ciation Applied Insect Ecology.

Hall, D.C. 1977b. An Economic and Institutional Evaluation of Integrated 
Pest Management with an Empirical Investigation of Two California Crops.
EPA 68-01-2982, November 1977.

Hall, D.C. 1977c. "The Profitability of Integrated Pest Management: Case
Studies for Cotton and Citrus in the San Joaquin Valley," Bulletin 
Entomology Society of America 23. p. 267-274.

Hall, D.C. 1978. "Profitability and Risk of Integrated Pest Management,"
California Agriculture, 32 (2). p. 10.

Hall, D.C. and R.B. Norgaard. 1973. "On the Timing and Application of Pesti-
cides," American Journal of Agricultural Economics 55 (2) p. 198-201.

Hall, D.C. and R.B. Norgaard. 1974. "On the Timing and Application of Pesti-
cides: Rejoinder." American Journal of Agricultural Economics. August
1974. 56 p.



121

Hall, D.C., R.B. Norgaard, and P. True. 1975. "The Performance of Independent
Pest Management Consultant," California Agriculture 29 (10). p. 12-14.

Hall, D.C., W. Willey, and R. Norgaard. 1975. "Productivity and Profit of
Pest Control Technology in California Citrus," mimeographed, University
of California, Berkeley.

Harris, P. 1977. "Cost of Biological Control of Weeds by Insects in Candle,"
Weed Science, 27 (2). p. 242-250.

Haveman, R.H. and J.V. Krutilla. 1968. UNEMPLOYMENT, IDLE CAPACITY AND THE
EVALUATION OF PUBLIC EXPENDITURES. Johns Hopkins Press. Baltimore,
Maryland.

Hawkins, D.E., F.W. Slife, and E.R. Swanson. 1977. "Economic Analysis of
Herbicide Use in Various Crop Sequences," Illinois Agricultural Economics 
January 1977, 17, (1). p. 8-13.

Headley, J.C. 1966. "Environmental Quality and Chemical Pesticides," Journal 
of Soil and Water Conservation 21 (4). p. 130-132.

Headley, J.C. - 1973. "Environmental Quality and the Economics of Agricultural
Pest Control," Organisation Europeenne et Mediterraneenne Pour la Protec-
tion de Plantas Bulletin 3 (3) p. 51-61.

Headley, J.C. 1967. "A Dilema for Consumers: Pesticide Use vs. Food Costs,"
The Journal of Consumer Affairs 1 (2). p. 161-169.

Headley, J.C. 1968. "Estimating the Productivity of Agricultural Pesticides,"
American Journal of Agricultural Economics 50. p. 13-23.

Headley, J.C. 1969. "Pesticide Use by Farmers: Some Relevant Economic
Problems," The Canadian Medical Association Journal 100. p. 141-144.

Headley, J.C. 1970. "The Distribution of Costs and Benefits from Environmen-
tal Protection," Proceedings Western Agricultural Economics Association.
p. 271-275.

Headley, J.C. 1971. "Productivity of Agricultural Pesticides," in Economic
Research on Pesticides for Policy Decision Making. United States Depart-
ment of Agriculture, April 1971.

Headley, J.C. 1972a, "Defining the Economic Threshold," in Pest Control 
Strategies for the Future. Agricultural Board, Washington, D.C.:
National Academy of Sciences. p. 100-108.

Headley, J.C. 1972b. "Economics of Agricultural Pest Control," Annual Review 
of Entomology 17. p. 273-286.

Headley, J.C. 1972c. "The Economics of Environmental Quality," Journal of 
Environmental Quality 1 (4). p. 377-381.

Headley, J.C. 1973. "Environmental Quality and the Economics of Agricultural
Pest Control," European and Mediterranean Plant Protection Organization 
Bulletin 3 (3). p. 51-61.



122

Headley, J.C. 1974. "Vaxtskydd och Samhallekonomi " Ekonomisk Debatt 2.
p. 107-114.

Headley, J.C. 1975a. "The Economics of Pest Management," in INTRODUCTION TO
INSECT PEST MANAGEMENT, edited by R.L. Metcalf and W.H. Luckman, John
Wiley, New York. p. 75-99.

Headley, J.C. 1975b. "The Economics of Pest Management Decisions by Individ-
ual Growers," Iowa State Journal of Research 49 (4), pt. 2. p. 623-628.

Headley, J.C. 1977. "Pest Control as a Production Constraint for Grain
Crops and Soybeans in the United States to 1990," Resources for Future,
Washington, D.C.

Headley, J.C. 1978. 'Test Control as a Production Constraint for Grain Crops
and Soybeans," unpublished manuscript.

Headley, J.C. 1979. "Economics of Pest Control: Have Priorities Changed?",
Farm Chemicals 142 (2).	 p. 55-57.

Headley, J.C.- 1980. "The Economic Milieu of Pest Control: Have Past Priori-
ties Changed?" Pest Control: Cultural and Environmental Aspects, edited
by D. Pimentel and J.H. Perking. AAAS SELECTED SYMPOSIUM 43 Westview,
Boulder. p. 81-87.

Headley, J.C. 1980. "An Economist's View of Economic Thresholds." Paper pre-
sented at North Central Branch of the Entomological Society of America at
Lincoln, Nebraska. (Mimeo).

Headley, J.C. and A.J. Kneese. 1969. "Economics of Improving Pesticide Use,"
Annals New York Academy of Sciences, 160, article 1, June 23, 1969.
p. 30-39.

Headley, J.C. and J.N. Lewis. 1967. THE PESTICIDE PROBLEM: AN ECONOMIC
APPROACH TO PUBLIC POLICY. Washington, D.C.: Resources for the Future.

Henderson, J.M. and R.E. Quandt. 1971. MICROECONOMIC THEORY. McGraw-Hill
New York.

Hepp, Ralph E. 1976. Alternative Delivery Systems for Farmers to Obtain 
Integrated Pest Management Services. Department Agricultural Economics,
Michigan State University, East Lansing, Michigan, Agricultural Economics
Report Number 298, June 1976.

Herfindahl, O.C. and A.V. Kneese. 1965. "The Use of Chemicals as Pesticides,"
a chapter in QUALITY OF THE ENVIRONMENT: AN ECONOMIC APPROACH TO SOME
PROBLEMS IN USING LAND, AIR, AND WATER. Washington, D.C., Resources for
the Future, Inc.

Herfindal, O.C. and A.V. Kneese. 1974. ECONOMIC THEORY OF NATURAL RESOURCES.
Charles E. Merril, Colombus, Ohio.

Hillebrandt, P.M. 1960. "The Economic Theory of the Use of Pesticides:
Part I, The Dosage Response Curve, the Rate of Application, and the Area
to be Treated," Journal of Agricultural Economics 13 (4) p. 464-472.



123

Hillebrandt, P.M. 1960. "The Economic Theory of the Use of Pesticides: Part
II, Uncertainty," Journal of Agricultural Economics 14 (1) p. 52-61.

Hillier, F. and G. Lieberman. 1974. INTRODUCTION TO OPERATIONS RESEARCH.
Holden-Day, Inc. San Francisco, California.

Hirshleifer, J. 1978. "Competition, Cooperation and Conflict in Economics
and Biology," American Economic Review, 68. p. 238-243.

Hoffmann, C.H. 1971. "Restricting the Use of Insecticides--What Are the
Alternatives?" in Economic Research on Pesticides for Policy Decision 
Making. United States Department of Agriculture, April 1971. p. 21730.

Howitt, R. 1975. "Pesticide Externality Policy, An Optimal Control Approach,"
Unpublished Ph.D. Thesis, University of California, Davis.

Howitt, R. and C. Moore. 1976. "Internalizing Health Effects of Pesticides."
Paper presented at the American Agricultural Economics Association Annual
Meeting. Ohio State University. August 1976.

Howitt, R. and G. Rausser. 1976. "Pesticide Externalities, Noisy Measure-
ments, and Public Regulation." Harvard Graduate School of Business
Administration Working Paper 106.

Huang, W., R. Weisz, G. Willek, and E. Heady. 1980. "A Comprehensive Evalua-
tion of Interrelated Pesticide Regulation." Paper presented at the 1980
Annual Meeting of the American Agricultural Economics Association.

Hudon, M. 1968. "Minimum Number of Insecticide Applications for the Control
of European Corn Borer on Sweet Corn in Quebec." Journal of Economic 
Entomology, 61. p. 75-78.

Hueth, D. 1972. "An Economic Evaluation of Pest Management Programs
in the Central and Southern San Joaquin Valley." Research Essay, Depart-
ment of Agricultural Economics, University of California, Berkeley, May
1972.

Hueth, D. 1973. "Optimal Agricultural Pest Management with Increasing Pest
Resistance: An Application to the Cereal Leaf Beetle," Unpublished Ph.D.
Dissertation, University of California, Berkeley,

Hueth, D. and U. Regev. 1974. "Optimal Agricultural Pest Management with
Increasing Pest Resistance," American Journal of Agricultural Economics,
56, p. 543-552.

Huffaker, C.B. (Ed.) 1971. BIOLOGICAL CONTROL. New York: Plenum Press.

Huffaker, C.B. and A.P. Gutierrez. 1974. "The Role of Systems Analysis in
Agriculture." Presented at Joint Automatic Control Conference, Austin,
Texas.

Huffaker, C.B., R.F. Luck, and P.J. Messenger. 1976. "The Ecological Basis
of Biological Control," Proceedings of 15th International Congress of 
Entomology. August 19-27, 1976. p. 560-586.



124

Huffaker, C.B., C.A. Shoemaker, and A.P. Gutierrez. 1978. "Current Status,
Urgent Needs, and Future Prospects of Integrated Pest Management," in
PEST CONTROL STRATEGIES, edited by E. Smith and D. Pimentel, Academic
Press, New York. p. 237-259.

Huffaker, C.B. and R.F. Smith. 1973. "The IBP Program on the Strategies
and Tactics of Pest Management," Proceedings, Tall Timbers Conference 
on Ecological Animal Control by Habitat Management, Tall Timbers Research
Station, Tallahassee, Florida. 4, p. 219-236.

Huh, S. and D. Dahl. 1979. "The Farm Demand for Pesticides in Minnesota."
Minnesota Agricultural Economist, 607.

Hull, R. 1968. "The Spray Warning Scheme for Control of Sugarbeet Yellows
in England." Plant Pathology, 17. p. 1-10.

Hunt, K.E. 1970. "Economics and Agricultural Technology," VIIth Congress 
Indernationale de la Protection des Plantes, Paris,' September 1970.

Hussey, N.W. 1970. "Some Economic Considerations in the Future Development
of Biological Control," Technological Economics of Crop Protection and 
Pest Control, Monograph 36, Society of Chemical Industry, London, England.
Staples Printers. p. 109-118.

Idachaba, F. 1977. "Pesticide Input Subsidies in African Agriculture: The
Nigerian Experience." Canadian Journal of Agricultural Economics, 25
(2), p. 88-103.

Intrilligator, M.D. 1978. ECONOMETRIC MODELS, TECHNIQUES, & APPLICATION.
Prentice-Hall Inc., Englewood Cliffs, New Jersey.

Jaquette, D.L. 1970. "A Stochastic Model for Optimal Control of Epidemics
and Pest Populations." Mathematical Biosciences, 8. p. 343-354.

Jaquette, D.L. 1972. "Mathematical Models for Controlling Growing Biological
Populations: A Survey, Operations Research, 20 (6), November-December
1972. p. 1142-1151.

Jenkins, R. 1971. "A Systems Approach to Pest Control Research." Southern 
Journal of Agricultural Economics, 3 (1), December 1971. p. 143-147.

Johnson, D. 1973. "Meade, Bees and Externalities," Journal of Law and Econom-
ics, 16 (35), p. 52.

Johnson, H.G. 1973. THE THEORY OF INCOME DISTRIBUTION. Gray-Mills Publish-
ing Limited, London.

Johnson, N.E. 1963. "Some Economic Consideration in Planning Control of
Insects Affecting Your Forest Trees." Journal of Forestry, 61 (6).
p. 426-429.

Johnson, N.E. 1966. "The Economic Aspects of Forest Entomology and The
Forest Manager." Proceedings, Society of American Foresters. p. 171-174.



125

Johnson, S. and G. Rausser. 1977. "Systems Analysis and Simulation: a Survey
of Applications in Agricultural and Resource Economics," in A SURVEY OF
AGRICULTURAL ECONOMICS LITERATURE, VOLUME 2. Edited by Judge, G., R.H.
Day, S.R. Johnson, G.C. Rausser, and L.R. Martin, University of Minnesota
Press, Minneapolis.

Johnston, J.H. 1975. "Public Policy on Cattle Tick Control in New South
Wales." Review of Marketing and Agricultural Economics, 43, p. 3-39.

Johnston, J.H. 1978. "Optimal Public Versus Private Control Strategies for
Migrating Pests With Pesticide Resistance and Pigovian Taxes and Subsi-
dies." Unpublished paper given at the Seventh Conference of Economics,
Macquarie University, Sidney, Australia.

Johnston, J.H. and G. Mason. 1976. A Cost-Benefit Study of Alternative 
Policies in the Control or Eradication of the Cattle Tick in New South 
Wales. Miscellaneous Bulletin 22. Division of Marketing and Economics,
New South Wales, Department of Agriculture. June 1976.

Jones, F.G.W. 1972. "Management of Nematode Population in Great Britain."
Proceedings, Tall Timbers Conference Ecological Animal Control by Habitat 
Management, 4. p. 81-107.

Jones, L.A. 1973. "Insuring Crop and Livestock Losses Caused by Restricted
Pesticide Use: An Appraisal." Agriculture Economics Research Service,
United States Department of Agriculture, Economics Research Service
Publication 512. p. 1-7.

Joyce, R.J.V. 1969. "Operational Frontiers." Proceedings Fourth Inter-
national Agricultural Aviation Congress. Kingston. p. 66-72.

Kahn, M. 1972. "Economic Aspects of Crop Losses and Disease Control."
Economic Nematology. Edited by J. Webster. Academic Press.

Keeney, R. and H. Raiffa. 1976. DECISIONS WITH MULTIPLE OBJECTIVES. John
Wiley and Sons.

King, N.B. and A.D. O'Rourke. 1977. "The Economic Impact of Changes in
Pesticide Use in Yakima Valley Orchards," Washington State University
Bulletin.

King, R.P., D. Lybecker, E. Schweizer, and R. Zimdahl. 1980. "Weed Control
Strategies Under Uncertainty." Presented at American Agricultural
Economics Association Annual Meeting. University of Illinois.

Kiritani, K. 1976. "Systems Approach for Management of Rice Pests," Proceed-
ings, 15th International Congress of Entomology August 19-27, 1976.
p. 591-598.

Knipling, E.F. 1972. "Sterilization & Other Genetic Techniques," Pest Control 
Strategies for the Future. National Academy of Science, Washington.
p. 272-287.



126

Kranz, J. 1974. "The Role and Scope of Mathematical Analysis and Modeling in
Epidemiology," in Epidemics of Plant Diseases: Mathematical Analysis and 
Modeling. p. 7-14.

Krutilla, J.V. 1969. "Efficiency Goals, Market Failure, and the Substitution
of Private for Public Action." In The Analysis and Evaluations of Public 
Expenditures: The PPB System: A compendium of •a•ers submitted to the
Subcommittee on Economy in Government, 1. 91st Congress. p. 277-291.

Lacewell, R., D. Bottrell, R. Billingsley, D. Rummel, and J. Larson. 1973.
"Impact of the Texas High Plains Diapause Boll Weevil Program." Texas
Agricultural Experiment Station. MP-1165.

Lacewell, R., J. Larson, R. Rummel, and R. Billingsley. 1974. "Economic Im-
plications of Discontinuing the Texas High Plains Boll Weevil Suppression
Program." Southern Journal of Agricultural Economics, 6 (2). p. 33-40.

Lacewell, R. and W.R. March. 1972. "Economic Incentives to Reduce the Quan-
tity of Chemicals Used in Commercial Agriculture." Southern Journal of
Agricultural Economics, 4 (1). p. 203-208.

Langham, M.R. 1971. "Potential for Applying the Dade County Pesticide Model
to a Wider Geographic Area," in Economic Research on Pesticides for Policy
Decision Making." United States Department of Agriculture, April 1971.

Langham, M.R. 1972. "Theory of the Firm and the Management of Residuals."
American Journal of Agricultural Economics, 54 (2). p. 315-322.

Langham, M.R. and W.F. Edwards. 1969. "Externalities in Pesticide Use."
American Journal of Agricultural Economics, 51 (5). p. 1195-1201.

Langham, M.R., J.C. Headley, and W.F. Edwards. 1972. "Agricultural Pesti-
cides: Productivity and Externalities," in ENVIRONMENTAL QUALITY ANALY-
SIS--THEORY AND METHODS IN THE SOCIAL SCIENCES. Edited by Allen V.
Kneese and Blair T. Power, Baltimore: Johns Hopkins Press.

Larson, J.L., R. Lacewell, J. Casey, M. Heilman, L. Namkin, and R. Parker.
1975. "Economic, Environmental, and Energy Use Implications of Short
Season Cotton Production: Texas Lower Rio Grande Valley." Southern
Journal of Agricultural Economics,'7 (1). 	 p. 171-177.

Lawrance, N.A. and R.C. Angus. 1974. "An Evaluation of Inundative Pest Con-
trol Versus Integrated Cotton Pest Management." Southern Journal of
Agricultural Economics, p. 45-47.

LeBaron, A. 1971. "Economics as a Basis for Policy Decisions." Utah Science,
32 (2). p. 63-72.

Lee, J.Y. and M. Langham. 1973. "A Simultaneous Equation Model of the
Economic-Exologic System in Citrus Groves." Southern Journal of Agricul-
tural Economics, 5 (1). p. 175-180.

Lee, L.K. 1978. "A Perspective on Cropland Availability." United States
Department of Agriculture; Economics, Statistics, and Cooperatives Service;
Agricultural Economic Report Number 406.



127

Leftwich, R.H. 1970. THE PRICE SYSTEM AND RESOURCE ALLOCATION. Dryden Press.

Leuschner, W.A. and C.M. Newton. 1974. "Benefits of Forest Insect Control."
Bulletin Entomology Society of America, 20, p. 223-227.

Lever, B.G. 19 . "Some Economic Factors Affecting Choice of the Sterile
Insect Release Method as Part of a Pest Control Program." International
Atomic Energy Agency-SM-186: 53, p. 135-149.

Lewis, T. and G.A. Norton. 1973. "Aerial Baiting to Control Lead-cutting
Ants (Formicidae, Attini) in Trinidad. III. Economic Implications."
Bulletin of Entomological Research, 63. p. 289-303.

Liapis, P.S. 1980. "Controlling Heliothis SPP on Cotton Through the Release
of Trichogramma Pretiosum and Applications of Bacillus Thuringiensis -
An Economic Assessment." Natural Resources 'Economics Division, Economics,
Statistics, and Cooperatives Service, United States Department of Agricul-
ture. Economics, Statistics, and Cooperatives Service Staff Paper 80-9.

Lincoln, C. 1974. "Use of Economic Thresholds and Scouting on the Basis for
Using Predators and Parasites in Integrated Control Programs." From
Proceedings, Summer Institute on Biological Control of Plant, Insects and 
Diseases. p. 182-189.

Lindquist, D.A. 1977. "Social and Economic Aspects of Alternative Insect
Control Methods." Pesticide Science, 8. p. 385-393.

Litsinger, J.A., M.D. Lumaban, J.P. Bandong, P.C. Pantua, A.T. Barrion,
R.F. Apostol, and Ruhendi. 1980. "A Methodology for Determining Insect
Control Recommendations." The International Rice Research Institute.
Research Paper Series Number 46, Jan. 1980.

Longworth, J.W. and D. Rudd. 1975. "Plant Pesticide Economics with Special
Reference to Cotton Insecticides." Australian Journal of Agricultural 
Economics. p. 210-227.

Mann, S. 1971. "Mathematical Models for the Control of Pest Populations."
Biometrics, 27 (2) p. 357-368.

Marmet, J.P. 1977. "Problems Faced by the Pesticide Manufacturer in Relation
to Social and Economic Aspects of Crop Protection." Pesticide Science,
8. p. 380-388.

Marty, R. 1966. "Economic Guides for Blister-Rust Control in the East."
United States Forest Service Research Paper NE-45 p. 1-14.

Matheys, G. 1970. "Economic Aspects and Development in Plant Protection."
VIIth International Congress Plant Root Science Solennelle Douverture.
September 21, 1970. Paris, France.

Matheys, G. 1976. "Strategy and Tactics of Integrated Pest Management."
Proceedings, 15th International Congress of Entomology August 1976.
p. 535-540.



128

McCarl, B. 1981a. "Will Improved Agricultural Technology Make Producers
Rich." Unpublished manuscript.

McCarl, B. 1981b. "Should the Public Take a Role in IPM Support." Unpub-
lished manuscript.

McCarl, B. 1981c. "What Economic Considerations Should Enter into the Design
of Integrated Pest Management Technology." Unpublished manuscript.

McCarl, B. 1981d. "Should Pesticides Be Banned." Unpublished manuscript.

McCarl, B. 1981e. "What Factors Should Farmers Consider in Determining
Pesticide Applications." Unpublished manuscript.

McCarl, B. and T. Spreen. 1980. "Price Endogenous Mathematical Programming
as a Tool for Sector Analysis." American Journal of Agricultural 
Economics, 62 (1). February 1980. p. 87-102.

McCarl, B. and S. Miller. 1981. "IPM - The International Dimension."

McCarl, B. and R. Brokken. 1981. "Consumers' and Producers' Surplus."
Unpublished manuscript.

McCarl, B. and T. Tice. 1981. "Stochastic Dominance vs E-V Analysis."
Unpublished manuscript.

McCarty, T., F. Conklin, and S. Miller. 1980. "Herbicide Introduction Into a
Mulch Farming System in Costa Rica: Its Prospects for Adoption." Un-
published paper, Oregon State University, International Plant Protection
Center.

McNew, George L. 1972. "Concept of Pest Management" in PEST CONTROL STRATE-
GIES FOR THE FUTURE. National Academy of Science, Washington, D.C.

Menz, K., B. Coote, and B. Auld. 1980. "Spatial Aspects of Weed Control Agri-
cultural Systems," Volume 6 (1), p. 67-76.

Menz, K. and J. Webster. 1981. "The Value of a Fungicide Advisory Programme
for Cereals." Journal of Agricultural Economics, forthcoming January
1981.

Metcalf, R.L. 1974. "Selective Use of Insecticides in Pest Management."
From Proceedings, Summer Institute on Biological Control of Plant Insects 
and Diseases. p. 150-203.

Metcalf, R.O. 1980. "Changing Role of Insecticides in Crop Production," in
Annual Review of Entomology, 25. p. 219-256.

Meyer, J. 1977.
Function."

Michalson, E.L.
Recreation.
p. 43-50.

"Second Degree Stochastic Dominance with Respect to 'a
International Economic Review, 18. p. 477-487.

1975. "Economic Impact of Mountain Pine Beetle on Outdoor
" Southern Journal of Agricultural Economics, 7 (2).



129

Miernyk, W.H. 1965. THE ELEMENTS OF INPUT OUTPUT ANALYSIS. Random House,
New York.

Miles, G. 1974. "Developing Pest Management Models," Purdue University 
Agricultural Experiment Station Bulletin 50.

Miller, S. 1975. "Economics of Herbicide Use." Presented at the Asian
Pacific Weed Science Society, Tokyo, October 1975.

Miller, S. and L. Burrill. 1978. "Socio-Economic Constraints to Adoption of
Improved Weed Control Technology in Tropical America." Presented at
International Weed Science Conference, Nigeria.

Miller, S. and F. Conklin. 1979. "Economic and Social Dimensions of Weed
Control Technology: An International Perspective." Proceedings of 
International Association of Agricultural Economics Conference, Banff,
Canada.

Miranowski, J.A. 1979. "Integrated Pest Management in Corn Rootworm Control:,
A Preliminary Economic Assessment." Presented at American Agricultural
Economics Association Annual Meetings, Washington State University.

Miranowski, J. 1980. "Estimating the Relationship Between Pest Management
and Energy Prices, and the Implications for Environmental Damage."
American Journal of Agricultural Economics. 62 (5). p. 995-1000.

Miranowski, J.A., V. Ernst, and F. Cummings. 1974. "Crop Insurance and Infor-
mation Services to Control Use of Pesticides," Environmental Protection
Agency Project Report Contract 600/5-74-018. September 1974.

Mishan, E.J.
Essay."

Mishan, E.J.

Momford, J.
Journal

1971. "The Post War Literature on Externalities: An Imperative
Journal of Economic Literature, 9, p. 1-28.

1976. COST-BENEFIT ANALYSIS. Prager Publishers. New York.

1981. "Pest Control Decision Making: Sugar Beet in England,"
of Agricultural Economics, forthcoming January 1981.

Murray, W.S. 1970. "Economics and Pesticides." Proceedings, Entomological 
Society of Ontario, 100. p. 29-39.

Murty, V., C.R. Taylor, H. Talpaz, and R. Risbe. 1980. "Discrete-Time, Near-
Optimal Control of a Cotton-Boll Weevil System." IIASA Pest Management 
Network, Working Paper Series Volume 6.

National Academy of Science. 1980. "Regulating Pesticides." Committee on
Prototype Explicit Analyses for Pesticides Environmental Studies Board
Report.

National Academy of Science. 1975. Pest Control: An Assessment of Present 
and Alternative Technologies, Volume I--Contemporary Pest Control Prac-
tices and Prospects, Washington, D.C.

National Academy of Science. 1972. Pest Control Strategies for the Future.
Washington, D.C.



130

Nemhausser, G.L. 1966. INTRODUCTION TO DYNAMIC PROGRAMMING. Wiley, New York.

Newsom, L.D. 1974. "Pest Management: History, Current Status, and Future
Progress." Biological Control of Plant Insects and Diseases. Jackson
University of Mississippi. p. 1-18.

Newton, C.M. and W.A. Leuschner. 1975. "Recognition of Risk and Utility in
Pest Management Decisions." Bulletin, Entomological Society of America,
21 (3) p. 169-171.

Norgaard, R.B. 1973. "Economics of the Pesticide Problem." Prepared to
further communication between disciplines in several interdisciplinary
pest management projects including the NSF/IBP project titled, "The
Principles, Strategies and Tactics of Pest Population Regulation and
Control," sponsored by the Environmental Studies Board of the National
Academy of Sciences, National Academy of Engineering. Berkeley: Uni-
versity of California, Department of Agricultural Economics.

Norgaard, R.B. 1976a. "Economic Research on Biological Control: A Review
and an Agenda." Prepared for the Study Team on Biological Control of
Pests. United States Department of Agriculture, Agricultural Research
Service, meeting in Gainesville, Florida, May 1976.

Norgaard, R.B. 1976b. "Integrating Economics and Pest Management." In
INTEGRATED PEST MANAGEMENT. Edited by J. Apple and R. Smith. Plenum
Press, New York.

Norgaard, R.B. 1976c. "The Economics of Improving Pesticide Use." Annual 
Review of Entomology, 21.

Norgaard, R.B. and D.C. Hall. 1974. "Environmental Amenity Rights, Trans-
action Costs, and Technological Change." Journal of Environmental 
Economics and Management, 1, p. 251-267.

Norgaard, R.B., D. Seckler, and G. Radosevich. 1971. "Pest Management: An
Institutional Proposal." Department of Agricultural Economics, Univer
sity of California, Berkeley. December 1971.

Norton, G.A. 1975. "Multiple Cropping and Pest Control: An Economic Perspec-
tive." Mededelingen Van de Faculteit Landbouwwetenschappen Rijks Univer-
siteit Cent 40, p. 219-228.

Norton, G.A. 1976. "Analysis of Decision Making in Crop Protection."
AgroEcosystems, 3. p. 27-44.

Norton, G.A. and D.E. Evans. 1973. "The Economics of Controlling Froghopper
on Sugar-cane in Trinidad." Bulletin of Entomological Research, 63, p.
619-627.

O'Brien, Dennis T. 1980. Risk and the Selection of Alternative Weed Manage-
ment Technologies in	 Upland Rice Production. Unpublished Ph.D.
thesis, Department of Agricultural and Resource Economics, Oregon State
University.



131

Office of Environmental Quality. 1979. "Integrated Pest Management." Wash-
ington, D.C.

Onsager, J.A. 1976. "The Rationale of Sequential Sampling with Emphasis on
Its Use in Pest Management. United States Department of Agriculture,
Agricultural Research Service Technical Bulletin Number 1526. 19 p.

Ordish, G. 1963. "Economics and Pest Control." World Review of Pest Control,

1, (4).	 p. 31-38.

Ordish, G. 1968. "Some Notes on the Short-term and Long-term Economics of
Pest Control." Pest Articles and News Summaries, London, 14 (3).
p. 343-355.

Ordish, G. and D. Dufour. 1969. "Economic Bases for Protecting Against Plant
Diseases." Annual Review Phytopathology, 7. p. 31-50.

Oregon State University. 1980. "Integrated Pest Management: A Position
Paper." March 5, 1980. April 15, 1980.

Osteen,	 E.B. Bradley, and L.F. Moffitt. 1981. "The Economics of Agri-
cultural Pest Control." United States Department of Agriculture, Econom-
ics, Statistics, and Cooperatives Service. Bibliographies and Literature
of Agriculture Series Number 14.

Ostrom, V. and T. Hennesy. 1974. "Institutional Analysis and Design" forth-
coming book and also unpublished paper from Workshop on Political Theory

and Policy Analysis. Indiana University.

Otte, J.A., J.P. Jones, and A.J. Overman. 1977. "Tomato Yield Response to
Fumigation in Old Land and Estimated Costs to Fumigate." Food and
Resource Department, University of Florida Report Number 70, April 1977.

8 p.

Parker, C. and J.D. Fryer. 1975. "Weed Control Problems Causing Major Reduc-
tions in World Food Supplies." Food and Agriculture Organization Plant
Protection Bulletin 23. p. 83-95.

Parvin, D.W., Jr. 1976. "Farm Management Implications of Reducing Agricul-
tural Pollution Related to Cotton Production in Mississippi." American 
Journal of Agricultural Economics, 58 (5). p. 978-983.

Pate, T.O., J. Hefner, and C. Neeb. 1972. A Management Program to Reduce 
Costs of Cotton Insect Control in the Pecos Area. Texas Agricultural
Experiment Station, Texas A & M University.

Pedigo, L.P. 19 "Economic Levels of Insect Pests." Proceedings of the 
24th Annual Fertilizer Agricultural Chemical Dealers Conference. Iowa
Cooperative Extension Service. EC-713c. 4 pages.

Peterson, W. 1969. "The Allocation of Research, Teaching, and Extension Per-
sonnel in United States Colleges of Agriculture. American Journal of 
Agricultural Economics, 51. p. 41-48.



132

Pimentel, D. 1976. World Food Crisis: Energy and Pests Bulletin. Entomo-
logical Society of America, 22, p. 20-26.

Pimentel, D. 1978. "Socioeconomic and Legal Aspects of Pest Control." In
Pest Control Strategies, edited by E. Smith and D. Pimentel, Academic
Press, New York.

Pimentel, D., J. Krumnel, D. Callahan, J. Hough, A. Merrill, I. Schreiner, P.
Vittum, F. Koziol, E. Back, D. Yen, and S. Fiance. 1978. "Benefits and
Costs of Pesticide Use in United States Food Production." Bio Science 28,
p. 772, 778-784.

Pimentel, D. and C. Shoemaker. 1974. "An Economic and Land Use Model for
Reducing Insecticides on Cotton and Corn." Environmental Entomology 3 (1).
p. 10-20.

Pimentel, D., C. Shoemaker, E. LaDue, R. Rovinsky, and N. Russel. 1979.
"Alternatives for Reducing Insecticides on Cotton and Corn: Economic
and Environmental Impact." Environmental Protection Agency report August
1979. EPA-60015-79-007A.

Pimentel, P., E. Terhune, W. Dritschilo, D. Callahan, N. Kinner, D. Nafus,
R. Peterson, N. Larch, J. Misiti, and 0. Haber-Schaim. 1978. "Pesticides,
Insects in Foods and Cosmetic Standards." Bio Science 27, p. 178-185.

Porterfield, R.L. 1974. "Predicted and Potential Gains from Tree Improve-
ment Program--A Goal Programming Analysis of Program Efficiency." North 
Carolina State University Forest Research Technical Report, 52. p. 1-12.

Powell, M.D. 1972. "A Survey of Numerical Methods for Unconstrained Optimiza-
tion," In PERSPECTIVES ON OPTIMIZATION: A COLLECTION OF EXPOSITORY
ARTICLES edited by Arthur M. Geoffrion.

Powers, H.R., Jr., et al. 1974. Incidence and Financial Impact of Fusiform
Rust in the South." Journal of Forestry 72, p. 398-401.

Pridgen, S.G. 1977. "An Inquiry into the Relationship of Regulation and
Innovation in the Pesticide Industry." Department of Economics, North
Carolina State University, Raleigh. December 15, 1977.

Pridgen, S.G. 1980. "Farmer Selection of Cotton Insect Management Services:
Collective Control and Stocks." Unpublished Ph.D. thesis, Department of
Economics and Business, North Carolina State University, Raleigh.

Rabb. R.L. 1978. "Defining IPM," Tar Heel Economist. November 1978.

Rabb, R.L. and F.E. Guthrie (Eds.). 1970. Concepts of Pest Management. Pro-
ceedings of a conference held at North Carolina State University, Raleigh,
March 25-27, 1970. Raleigh: North Carolina State University.

Rae, A. 1970. "Capital Budgeting In Temporal Programming Models with Particu-
lar Reference to Agriculture," Australian Journal of Agricultural Eco-
nomics, 14 (1) p. 39-52.



133

Rae, A. 1971. "Stochastic Programming, Utility, and Sequential Decision Prob-
lems in Farm Management." American Journal of Agricultural Economics, 53

(3) p. 448-460.

Randall, A. 1972. "Market Solutions to Externality Problems: Theory and
Practice," American Journal of Agricultural Economics, 54, p. 175-183.

Regev, U. 1976. "Economic Conflicts in Pest Control." Europe and Mediter-
ranean Pest Control Organization, Paris.

Regev, U., A.P. Gutierrez, and G. Feder. 1976. "Pests as a Common Property
Resource: A Case Study of Alfalfa Weevil Control," American Journal of 
Agricultural Economics, 58 (19).

Regev, U., H. Shalit, and A.P. Gutierrez. 1_977. "On the Optimal Allocation
of Pesticides: The Case of Pesticide Resistance." Gianini Foundation of

Agricultural Economics. February 1977.

Reichelderfer, K.H. 1979a. Economic Feasibility of 
Technology. AER-430. United States Department
Statistics, and Cooperatives Service. August 1979.

Reichelderfer, K.H. 1979b. "Production and Cost Implications of a Multi-Pest
Management Program for Pecans." United States Department of Agriculture,
Economics, Statistics, and Cooperatives Service, Natural Resource Econom-
ics Division, Economics, Statistics, and Cooperatives Service Staff Paper,

April 1979.

Reichelderfer, K.H. 1981. "Economic Feasibility of Biological Control of
Crop Pests." To be published as Chapter 30, BARC Symposium Volume V: 
Biological Control in Crop Production.

Reichelderfer, K.H. 1980. "Economics of Integrated Pest Management: Discus-
sion," American Journal of Agricultural Economics, Volume 62 (5),

p. 1012-1013.

Reichelderfer, K.H. and F.E. Bender. 1978. A Simulative Approach to Control-
ling Mexican Bean Beetle on Soybeans in Maryland. Agricultural Experiment
Station, University of Maryland, College Park, Maryland, MP Number 935,

October 1978.

Reichelderfer, K.H. and F.E.
Approach to Evaluating
tural Pests," American
p. 258-267.

Bender. 1979. "Application of a Simulative
Alternative Methods for the Control of Agricul-
Journal of Agricultural Economics 61 (2).

Reichelderfer, K.H. and D. Caron. 1979. "Honey Bees and Soybean Production,"
American Bee Journal, 119 (2) and (3). February and March 1979.

p. 107-109, 202-203.

Reichelderfer, K.H., W. Quinby, R. Weisz, R. Rovinsky, and R. Niehaus. 1977.
"Pesticide Policy Evaluation Models." Draft of Natural Resources
Economics Division Working Paper.

a Biological Control
of Agriculture, Economics,



134

Rice, D.P. 1968. "The Direct and Indirect Cost of Illness," in Federal 
Programs for the Development of Human Resources. A compendium of papers
before the Subcommittee on Economic Progress of the Joint Economic
Committee, Congress of the United States, Volume 2, 1968.

Richardson, J.W. 1973. "Farm Programs, Pesticide Use, and Social. Costs,"
Southern Journal of Agricultural Economics, 5 (2) p. 155-163.

Richardson, J.W. and D.D. Badger. 1974. "Analyzing Pest Control Strategies
for Cotton with an Environmental Impact Matrix. Southern Journal of 
Agricultural Economics. 6, p. 179-183.

Ridgeway, R.L., J.C. Tinney, J.T. MacGregor, and N.J. Starler. 1978. "Pesti-
cide Use in Agriculture," in Environmental Health Perspectives, National
Institute for Environmental Health, 27, p. 103-112.

Rinehold, J. 1979. "An Assessment of the Major Uses of Carbaryl in Oregon."
Report from Oregon Pesticide Impact Assessment Program. October 29, 1979.

Rodriquez, R. 1979. "Acreage Response to Government Pest Control Programs:
The Case of Boll Weevil Eradication." Unpublished Ph.D. thesis, Depart-
ment of Economics and Business, North Carolina State University, Raleigh.

Rovinsky, R. and K.H. Reichelderfer. 1979. "Interregional Impacts of a Pesti-
cide Ban Under Alternative Farm Programs: A Linear Programming Analysis."
United States Department of Agriculture/Economics, Statistics, and Coop-
eratives Service staff paper. April 1979.

Ruesink, W.G. 1976. "Status of the Systems Approach to Pest Management,"
from Annual Review of Entomology, 21, p. 27-44.

Ruesink, W.G. 1980. "Economics of Integrated Pest Management: Discussion -
An Entomologist's View of IPM Research Needs," American Journal of Agricul-
tural Economics 62 (5), p. 1014-1015.

Ruesink, W.G. and M. Kogan. 1976. "The Quantitative Basis of Pest Management:
Sampling and Measuring. p. 309-351 in INTRODUCTION TO INSECT PEST MANAGE-
MENT. Edited by R.L. Metcalf and W.H. Luckmann, John Wiley & Son, New
York.

Ruttan, V.W. 1971. "Technology and the Environment," American Journal of 
Agricultural Economics, 53, p. 707-717.

Ruttan, V.W. 1980. "Induced Technical and Institutional Innovation: The
Case of Insecticides, Herbicides and Animal Drugs." Research Proposal,
University of Minnesota.

Sackman, H. 1975. "Summary Evaluation of Delphi,!' Policy Analysis,
p. 693-718.

Salkin, M.S., V.R. Eidman, and W.B. Massey Jr. 1975. Pest Control Strategies 
for Grain Sorghum. Oklahoma Agricultural Experiment Station.



135

Sarham, M., R.E. Howitt, and C.V. Moore. 1979. "Pesticide Resistance Exter-
nalities and Optimal Mosquito Management," Journal of Environmental 
Economics and Management, 6.

Schieber, E. 19 . "Economic Impact of Coffee Rust in Latin America," Annual 
Review of Phytopathology, 10. p. 491-510.

Schleiffer, R. 1969. ANALYSIS OF DECISIONS UNDER UNCERTAINTY. New York:
McGraw-Hill.

Seagraves, J. 1973. "On Appraising Environmental Institutions," American 
Journal of Agricultural Economics, 55 (4). p. 617-621.

Sharp, B. and D. Bromley. 1977. "Agricultural Pollution: The Economics of
Coordination," American Journal of Agricultural Economics 61 (4).
p. 591-600.

Shaw, W.C. 1978. "Herbicides: The Cost/Benefit Ration - The Public View."
An invitational paper presented at the Southern Weed Science Society,
January 17-19, 1978, New Orleans, Louisiana.

Shaw, W.C. 1979. "Integrated Weed Management Systems Technology." An invita-
tional paper presented at the Cotton Weed Science Research Conference,
Beltwide Cotton Production-Mechanization Conference, January 7-11, 1979,
Phoenix, Arizona.

Shaw, W.C. and L.L. Jansen. 1972. In "Chemical Weed Control Strategies for
the Future." PEST CONTROL STRATEGIES FOR THE FUTURE. National Academy
of Sciences, Washington, D.C. p. 197-215.

Shoemaker, C.A. 1973. "Optimization of Agricultural Pest Management; I.
Biological and Mathematical Background." Mathematical Biosciences 16,
(1-2).	 p. 143-175.

Shoemaker, C.A. 1973. "Optimization of Agricultural Pest Management; II
Formulation of a Control Model." Mathematical Biosciences, 18 (1-2)
p. 1-22.

Shoemaker, C. 1977. "Pest Management Models of Crop Ecosystems," in ECO-
SYSTEM MODELING IN THEORY AND PRACTICE. Edited by C. Hall and J. Day,
Wiley-Interscience. New York. p. 545-574.

Shoemaker, C. 1980. "The Role of Systems Science and Modeling," in NEW TECH-
NOLOGY OF PEST CONTROL. Edited by C. Huffaker.

Siebert, J. 1980. "Beekeeping, Pollination and Externalities in California
Agriculture," American Journal of Agricultural Economics, 62 (2).
p. 165-171.

Simmonds, F.J. 1967. "The Economics of Biological Control," Journal of Royal 
Society for the Arts, London. p. 880-898.

Simmonds, F. and E. Horber. 1966. "The Essential Role of Economic Injury
Population Levels," Proceedings of Food and Agriculture Organization 
Symposium on Integrated Control, 2, p. 37-40, 87-89.



136

Smith, E.H. and D. Pimentel (Eds.). 1978. PEST CONTROL STRATEGIES. Academic
Press, New York, San Francisco, London.

Smith E.H. 1972. "Implementing Pest Control Strategies." In PEST CONTROL
STRATEGIES FOR THE FUTURE. National Academy of Sciences, Washington.

Smith, R.F. 1967. "Principles of Measurement of Crop Losses Caused by
Insects," in Food and Agriculture Organization Symposium on Crop Losses,
p. 205-224. Rome: Food and Agricultural Organization of the United
Nations.

Smith R.F. 1969. "The Importance of Economic Injury Levels in the Develop-
ment of Integrated Pest Control Programs," Qualitas Plantarum et 
Materiae Vegetabilies 17 (2) p. 81-92.

Smith, R.F. 1970. "Pesticides: Their Uses and Limitations in Pest Manage-
ment," in CONCEPTS OF PEST MANAGEMENT, edited by R.L. Rabb, F.E. Guthrie.
North Carolina State University, Raleigh.

Smith, R.F. 1971. "Economic Aspects of Pest Control." Proceedings of Tall 
Timbers Conference on Ecological Animal Control by Habitat Management,
Tallahassee, Florida, February 25-27, 1971:

Smith, R.F. and R. Van Den Bosch. 1967. "Integrated Control," from PEST
CONTROL: BIOLOGICAL, PHYSICAL, AND SELECTED CHEMICAL METHODS, edited by
W.W. Kilgore and R.L. Douth, New York, Academic Press.

Sosnick, S. and T. Terlecky. 1969. "An Economic Analysis of Shipping Point
Inspection of California Table Grapes," Giannini Foundation Research 
Report Number 306. University of California, Davis.

Southwood, T.R.E. and G.A. Norton. 1973. "Economic Aspects of Pest Manage-
ment Strategies and Decision," in Insects: Studies in Population Manage-
ment, International Congress of Entomology, Canberra. p. 168-181.

Stanford Research Institute. 1977. New, Innovative Pesticides: An Evalua-
tion of Incentives and Disincentives for Commercial Development by 
Industry. (For Environmental Protection Agency Office of Pesticide
Programs), September 1977.

Stark, R.W. 1973a. "Systems Analysis of Insect Populations." Annuals of the 
New York Academy of Science, 2717, p. 60-57.

Stark, R.W. 1973b. "The Systems Approach to Insect Pest Management--A Devel-
oping Program in the United States of America: the Pine Bark Beetles,"
in Insect: Studies in Population Management. Ecological Society of
Australia 1.

Stark, R.W. 1975. "Forest Insect Pest Management," in AN INTRODUCTION TO
INSECT PEST MANAGEMENT, edited by R.L. Metcalf, W.H. Luckmann, 509-528.
New York: Wiley-Interscience.

Stark, R.W. and R.F. Smith. 1971. "Systems Analysis and Pest Management," in
BIOLOGICAL CONTROL. Edited by C.B. Huffaker. p. 331-342. New York and
London: Plenum Press.



137

Starler, N.H. and R.L. Ridgway. 1977. "Economic and Social Considerations
for the Utilization of Augmentation of Natural Enemies," in BIOLOGICAL
CONTROL BY AUGMENTATION OF NATURAL ENEMIES. New York: Plenum Press.
p. 431-48.

Steiner, H. 1973. "Cost-Benefit Analysis in Orchards Where Integrated Con-
trol is Practiced," Organisation Europeenne et Mediterraneenne Pour la 
Protection de Plantas Bulletin Stuttgart, 3 (1). 1973.

Sterling, W. (editor). 1979. Economic Thresholds and Sampling of Heliothis 
Species. Southern Cooperative Extension Service Bulletin Number 231,
Texas A E M University, College Station, Texas.

Stern, V.M. 1973. "Economic Threshholds," in Annual Review of Entomology.
p. 259-280.

Stern, V.M. 1975. "The Bioeconomics of Pest Control," Iowa State Journal of 
Research, 49 (4), Pt. 2. p. 467-472.

Stern, V.M., et al. 1959. "The Integrated Control Concept," Hilgardia 29, (2)
p. 81-101.

Stone, J. and L. Pedigo. 1972. "Development and Economic Injury Level of the
Green Cloverworm on Soybean in Iowa," Journal of Economic Entomology, 65,
p. 197-201.

Stoevener, H.D. and R.G. Kraynick. 1979. "On Augmenting Community Economic
Performance by New or Continuing Irrigation Developments," American 
Journal of Agricultural Economics, 61 (5). p. 1115-1123.

Streifer, W. 1974. "Realistic Models in Population Ecology," Advance Ecolog-
ical Research 8, p. 199-266.

Strickland, A.H. 1966. "Some Costs of Insect Damage and Crop Protection,"
Proceedings of Food and Agriculture Organization Symposium on Integrated 
Pest Control 1, p. 75-88.

Strickland, A.H. 1970. "Some Economic Principles of Pest Management," in
Concepts of Pest Management, edited by Rabb and Guthrie, p. 30-43. North
Carolina State University, Rawleigh.

Strickland, A.H. and R. Bardner. 1967. "A Review of Current Methods Appli-
cable to Measuring Crop Losses Due to Insects," in Food and. Agriculture 
Organization Symposium on Crop Losses, p. 289- 	 . Rome: Food and
Agriculture Organization of the United Nations.

Strong, W.M. 1970. "Assessing the Economic Value of a Crop Protection Chemi-
cal," VIIth Congres Internationale de la Protection des Plantes. September
1970.

Sutherst, R.W., G.A. Norton, N.D. Barlow, G.R. Conway, M. Birley, and H.N.
Commins. "An Analysis of Management Strategies for Cattle Tick (Boophilus 
Microplus) Control in Australia." Pest Management Network, Working Paper
Series, Volume 4, submitted to Journal of Applied Ecology.



138

Sylven, E. 1968. "Threshhold Values in the Economics of Insect Pest Control
in Agriculture," Statens Vaxtskyddsan stalt Meddelande, 14, p. 65-79.

Talpaz, H., G.L. Curry, P.J. Sharpe, C.W. DeMichele, and R.E. Frisbie. 1978.
"Optimal Pesticide Application for Controlling the Boll Weevil on Cotton."
American Journal of Agricultural Economics, 60 (3). p. 469-475.

Talpaz, H. and I. Borosh. 1974. "Strategy for Pesticide Use: Frequency
and Applications," American Journal of Agricultural Economics, 16 (4).
p. 769-775.

Talpaz, H. and R. Frisbie. 1975. "An Advanced Method for Economic Threshold
Determination: A Positive Approach," Southern Journal of Agricultural 
Economics, 7. p. 19-25.

Taylor, C.R. 1975. "The Economics of Control of Northern and Western Corn
Rootworm in Illinois," Illinois Agricultural Economics, Number 2.
p. 11-13.

Taylor, C.R. 1976. "Determining Optimal Sterile Male Release Strategies,"
Environmental Entomology. February 1976. p. 87-95.

Taylor, C.R. 1978. "Alternative Pest Management Strategies for Food Produc-
tion in the Corn Belt." Mimeographed report to Office of Technology
Assessment from Texas A E M University. June 1978.

Taylor, C.R. 1980. "The Nature of Benefits and Costs of Use of Pest Control
Methods." American Journal of Agricultural Economics. 62 (5).
p. 1007-1011.

Taylor, C.R. and J.C. Headley. 1975. "Insecticide Resistance and the Evalua-
tion of Control Strategies for an Insect Population," Canadian Entomolo-
gist, 107. p. 237-242.

Taylor, C.R. and K.K. Frohberg. 1977. "The Welfare Effects of Erosion Con-
trols, Banning Pesticides and Limiting Fertilizer Application in the Corn
Belt," American Journal of Agricultural Economics. p. 25-26.

Taylor, C.R. and R.D. Lacewell. 1977. "Boll Weevil Control Strategies:
Regional Benefits and Costs," Southern Journal of Agricultural Economics,
9 (1).	 p. 192-235.

Taylor, C.R., R.D. Lacewell, and H. Talpaz. 1979. "Use of Extraneous Infor-
mation With An Econometric Model to Evaluate Impacts of Pesticide With-
drawals," West Journal of Agricultural Economics, 4 (1), p. 1-8.

Taylor, R.N. 1978. "An Economic Analysis of the Spatial Distribution of
Veterinarians in Private Practice," PhD thesis, North Carolina State
University, Rawleigh.

Tillman, R. and K. Baum. 1979. "Integrated Pest Management, Economic Damage,
Economic-Injury Levels and Economic Thresholds," Virginia Agricultural 
Economics, Number 304, July 1979.



139

Toms, A.M. 1967. "Crop Protection Economics," World Crops. p. 7-8.

Toms, A.M. 1970. "The Economic Consequences of Agrochemicals," VIIth Inter-
national Congress of Plant Protection, p. 35-36. Paris, September 1970.

Toms, A.M. 1967. "Some Aspects on the Economics of Crop Protection," Pest
Articles and News Summaries 13627, p. 135-142.

U.S. Agency for International Development and International Programs in Agri-
culture. 1980 Interim Report. Integrated Crop Protection. Purdue Univer-
sity, Lafayette, Indiana. March 15, 1980.

U.S. Council on Environmental Quality. 1972. Integrated Pest Management.
November 1972.

U.S. Department of Agriculture. 1965a. Losses in Agriculture. Agricultural
Handbook Number 291, Government Printing Office, Washington, D.C.

U.S. Department of Agriculture. 1965b. A Survey of Extent and Cost of Weed 
Control and Specific Weed Problems. Agricultural Research Service Report
34-23-1. Washington, D.C. 78 p.

U.S. Department of Agriculture. 1970. Economic Research for Policy Decision-
making.

U.S. Department of Agriculture. 1970. Economic Implications of Amatraz Use 
on Pears. June 1978.

U.S. Department of Agriculture. 1979. "The Biologic and Economic Assessment
of Silvex Use on Tree Fruits."

U.S. Department of Agriculture. 1979. "Index of Final Draft Biologic and
Economic Assessment Reports." July 12, 1979.

U.S. Department of Agriculture. 1979. Summary of Preliminary Benefit Analy-
sis--Dimethoate Use on California Grapes.

U.S. Department of Agriculture. 1980. "Costs of Producing Selected Crops in
the United States 1978, 1979 and projections for 1980." Report for Use
of Committee on Agriculture, Nutrition, and Forestry. 63-5970.

U.S. Department of Agriculture. 1980. "Integrated Pest Management Initia-
tive." Consolidated United States Department of Agriculture Report
prepared by Office of Environmental Quality. February 2, 1980.

U.S. Department of Agriculture, Extension Service- 1977. Establishing and 
Operating Grower-Owned Organizations for Integrated Pest Management.

U.S. Environmental Protection Agency. 1977. Economic and Social Impacts of 
Cancelling DBCP as a Pesticide.

U.S. Environmental Protection Agency. "Fact Sheet--What Does Suspension Mean."
Office of Toxic Substances.



140

U.S. Environmental Protection Agency. 1968. Health Aspects of Pesticides 
Abstract Bulletin. USEPA: Division of Pesticide Community Studies.
September 1968-(monthly).

U.S. Environmental Protection Agency. 1974. Farmer's Pesticide Use Decisions 
and Attitudes on Alternative Crop Protection Methods. EPA-540/1-74-002,
July 1974.

U.S. Environmental Protection Agency. 1975. Detailed information on linear
programming analysis of organoclorine suspension of corn use in United
States, Exhibit M. Office of Pesticide Programs. September 1975.

U.S. Environmental Protection Agency. 1978. Preliminary Benefit Analysis of 
Pronatide. June 1978.

U.S. Environmental Protection Agency. 1979. The Biologic and Economic Assess-
ment of 2,4,5-7. A Report of the United States Department of Agriculture -
States - Environmental Protection Agency 2,4, 5-7 RPAR, Assessment Team,
February 15, 1979.

U.S. Environmental Protection Agency. 1979. Intent to Conditionally Register 
a Pesticide Production Containing Amatriz for Use on Pears. Environmental
Protection Agency OPP-30000/12c, June 14, 1979.

U.S. Environmental Protection Agency. 1979. Office of Research and Develop-
ment, Office of Pesticides and Toxic Substances. "Integrated Pest Manage-
ment Programs in the Environmental Protection Agency."

U.S. Environmental Protection Agency. 1980. "Rebuttable Presumption Against
Registration (RPAR). Status Report. Special Pesticide Review Division.
Office of Pesticide Programs. April 24, 1980.

U.S. Environmental Protection Agency. FY '79-80. Cooperative Agreements for 
RPAR Economic Impact Analysis at State Universities.

U.S. International Trade Commission. 1979. Synthetic Organic Chemicals,
Publication 1001, Office of Secretary, Washington, D.C.

University of California, Division of Agricultural Sciences. 1965. Estimates 
of Crop Losses and Disease Control Costs in California, 1963. 

van den Bosch, R. 1972. "The Cost of Poisons," Environment, 14 (7).
p. 18-22.

van den Bosch, R., M. Brawn, R. Gureia, C. Magawan, A. Miller, M. Moran,
D. Pelzer, and J. Swartz. 1976. "Investigation of the Effects of Food
Standards on Pesticide Use." Environmental Protection Agency Report.

Van de Plank, J.E. 1963. Plant Diseases, Epidemics, and Control. New York.
Academic Press.

VonRumker, R., G. Carlson, R. Lacewell, R. Norgaard, and D. Pavin. 1975.
"Evaluation of Pest Management Programs for Cotton, Peanuts and Tobacco
in the United States." Report to Environmental Protection Agency,
Environmental Protection Agency 540/ 9-75-031, Washington, D.C.



141

VonRumker, R. and G. Kelso. 1975. "A Study of the Efficiency of the Use of
Pesticides in Agriculture." Environmental Protection Agency Final Report,
Contract 68-01-2608. July 1975.

VonRumker, R., H. Gust, and W.P. Upholt. 1970. "The Search for Safer, More
Selective, and Less Persistant Pesticides." BioScience 20 (18).

Voorhees, S.C. 1980. The Valuation of Aesthetic Benefits from Gypsy Moth 
Control Using the Iteractic Biddy Technique. Unpublished M.S. Thesis,
University of Rhode Island.

Waters, W. and R. Stark. 1980. "Forest Pest Management: Concept and
Reality," Annual Review of Entomology, 25. p. 479-509.

Watt, K. 1961. "Mathematical Models for Use in Insect Pest Control,"
Canadian Entomologist, Supplement 19.

Watt, K. 1963. "Dynamic Programming, 'Look Ahead Programming' and the Strat-
egy of Insect Pest Control." Canadian Entomologist 95 (5), p. 525-536.

Webster, J.P.G. 1977. "The Analysis of Risky Farm Management Decisions:
Advising Farmers About the Use of Pesticides," Journal of Agricultural 
Economics, 28. p. 243-259.

Wechsler, A., J. Harrison, and J. Neumeyer. 1975. Evaluation of the Possible
Impact of Pesticide Legislation on Research and Development Activities of 
Pesticide Manufacturers. Arthur D. Little. (For the Environmental Pro-

, tection Agency Office of Pesticide Programs), Washington, D.C. February
1975.

Weisz, R., R. Miller, and W. Quinby. 1979. The Stochastic Effects of a Ban
on Toxaphene Use on Cotton," Agricultural Economics Research, 31 (3),
p. 11-21.

Whitson, R.E. and C.J. Scifres. 1980. "Economic Comparisons of Alternatives
for Improving Honey Mesquite-Infested Rangeland." Texas Agricultural
Experiment Station, B-1307, IM-7-80.

Whittaker, James K. 1980. "An Economist's View of Integrated Pest Manage-
ment."

Willey, W.R.Z. 1974. "Pest Management Consultants in California--a Case
Study Presentation to the VIII Annual Meeting." Association Applied 
Insect Ecology.

Willey, W.R.Z. 1978. "Barriers to the Diffusion of IPM Programs in Commer-
cial Agriculture," in PEST CONTROL STRATEGIES. Edited by E. Smith and
D. Pimentel, Academic Press, New York.

Willey, W.R.Z. 1974. "The Diffusion of Pest Management Information Technol-
ogy." Ph.D. Dissertation, Department of Economics, University of Cali-
fornia, Berkeley.

Williams, H.P. 1978. MODEL BUILDING IN MATHEMATICAL PROGRAMMING. John Wiley
& Sons, New York.



142

Woods, A. 1974. PEST CONTROL, A SURVEY. Halsted Press: A Division of John
Wiley and Sons.

Young, D.L. 1977. "An Evaluation of Efficiency and Distributional Implica-
tions of Changes in Weed Control Technology in Northeast Brazil." Un-
published Ph.D. thesis. Oregon State University. June 1977.

Young, D. and S. Miller. 1977. "Economic Considerations Affecting Alterna-
tive Weed Control Methods for Developing Countries." Proceedings of the
Sixth East African Weed Science Conference, Nairobi, Kenya.

Young, D., S. Miller, H. Fisher, and M. Shenk. 1978. "Selecting Appropriate
Weed Control Systems for Developing Countries," Weed Science 26 (3).
p. 209-212.

Zavaleta, L. and W. Ruesink. 1980. "Expected Benefits from Non-chemical
Methods of Alfalfa Weevil Control," American Journal of Agricultural 
Economics, Volume 62 (4), p. 801-805.

Zeckhauser, R. 1970. "Medical Insurance: A Case Study of the Tradeoff
Between Risk Spreading and Appropriate Incentives." Journal of Economic 
Theory, 2 (1). p. 10-26.

Zimdahl, R.L. 1980. Weed-Crop Competition, A Review. International Plant
Protection Center, Corvallis, Oregon. February 1980.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149

