
ABSTRACT 
 
 
COURBOIS, Claude-Bertrand.  Pesticide Availability for US Food Crops: 
Understanding Market and Safety Forces in Product Entry, Maintenance, and 
Withdrawal Decisions.  (Under the direction of Gerald Carlson.) 
 
 Pesticide firms in the United States must undertake costly, crop-specific 

Environmental Protection Agency (EPA) safety tests to register their pesticides for sale 

to farmers of commercial crops.  Firms also must pay annual registration fees and 

periodically undertake additional safety tests on each pesticide’s crop-specific 

registrations.  These requirements create a market unlike others because firms may not 

freely enter or remain in a crop’s pesticide market.  The EPA can raise and lower 

registration requirements to discourage or encourage registration of pesticides with 

certain safety characteristics on crops with particular production or consumption 

patterns.   

Used effectively, these powers can enable the EPA to promote safety by 

encouraging registration of the safest pesticides in the widest number of markets, while 

limiting availability of unsafe pesticides.  Used poorly, these powers can restrict even 

safe pesticides from reaching markets, especially minor ones.   

This dissertation evaluates the success of the pesticide regulatory system.  A 

model that includes the EPA’s standard-setting process and a representative pesticide 

firm’s registration decision-making is used to demonstrate how registrations come 

about.  The model shows how EPA and firm behavior cause registrations to depend on 

the characteristics of pesticides and crops.   



The study required compilation of an extensive dataset of crop and pesticide 

characteristics and registration data through the 1990s.  The data are used in logit 

analysis to evaluate the relative importance of crop and chemical characteristics in 

determining registrations. 

The results show some evidence that the system successfully encourages 

registration of safer pesticides.  Pesticides that are less likely to cause chronic health 

damage are more likely to be registered.  Pesticides that are safer for the eyes of farm 

workers are more likely to be registered.  

The results also show undesirable relationships.  Crops with lower national 

value are less likely to have registrations.  After controlling for crop value, herbicides 

are less likely to be registered for fruits and vegetables and for crops with high per-acre 

value.  Pesticides that are more dangerous if eaten are more likely to gain registrations.  

There is only limited evidence that EPA initiatives have caused safety to become a 

more important determinant of pesticide registrations during the 1990s.  
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1. INTRODUCTION 

 

Growers of fruits and vegetables and other so-called minor crops assert that the 

Environmental Protection Agency’s (EPA) stringent pesticide registration standards 

prevent dissemination of many safe and effective pesticides1 (CAST 1992; Gianessi 

1994; Ollinger and Fernandez-Cornejo 1995).  They feel many farmers are left with a 

small number of older, less safe and effective pesticides, causing them to have higher 

pest-control costs and greater vulnerability to product cancellations or pest-resistance 

development.  In response, the EPA asserts that registration requirements prevent 

unsafe pesticides from being sold while encouraging development and dissemination of 

safe ones (EPA OPP 1995).  The agency intends for minor crops, like all crops, to have 

access to the safest pesticides available.  This thesis presents a model of registration 

decisions and an evaluation of registration data to gauge what types of crops and 

pesticides gain, retain, and lose registrations most frequently, and whether those 

registration outcomes reflect EPA intentions. 

                                                 

1 The term pesticide refers here to a pesticide active ingredient, as distinct from a 
pesticide product.  Products are formulations of active ingredients.  Similarly, the terms 
herbicide and insecticide refer to herbicide and insecticide active ingredients.  A pesticide 
registration is a license granted by the EPA for a pesticide registrant, usually a pesticide 
firm, to sell a pesticide for use on a particular crop-site.  A site is a specific entity on 
which a registration allows a pesticide to be applied.  Agricultural sites can be very broad, 
such as all fruit, or very specific, such as Oregon golden delicious apples.  The terms 
crop, crop-site, and site are used interchangeably, except that, when the word site is used, 
it is intended to underscore the fact that sites may be broader or more specific than a 
single crop.  The term safety is used loosely at this point, but when used to describe one 
of the variety of pesticide characteristics, it refers to decreasing pesticide toxicity. 
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Answering these questions requires making sense of the myriad of regulatory 

requirements that concern pesticide registration.  One approach used in previous studies 

has been to focus on a single, well-identified event, such as pesticide innovation or 

cancellation.  But those events are relatively rare.  They are not the most important 

determinant of whether farmers of a particular crop, such as Belgian endive, have 

access to a particular pesticide.  That outcome is determined by the overall, combined 

impact of registration requirements and market forces.  The first goal of this dissertation 

is to make sense of this registration system. 

 

1.1 Pesticide Registration 

EPA rules require extensive, crop-specific safety tests before a pesticide may be 

registered to be sold for use on a commercial crop in the United States.  It can take 11 

years and $70 million to introduce a new pesticide for its first crop (Ollinger and 

Fernandez-Cornejo 1995).  Adding a new crop to the pesticide’s label can cost 

$150,000 or more, plus annual registration maintenance fees, and, eventually, 

additional testing to meet new standards and re-registration (GAO 1992; CAST 1992).  

These costs cause the pesticide market to be segmented into many separate crop-

specific markets, each of which is costly to enter.  

Recent EPA annual reports assert that EPA rules have become more complex 

for good reasons (EPA OPP 1995, 1996, 1997, 1998b, 2000).  Pesticide firms develop 

ever more complex pesticides, scientists know more about pesticide risks, and they can 

detect increasingly minute pesticide residues in food and the environment.  At the same 
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time, the public has become more aware of pesticide health effects and puts pressure on 

the EPA to ensure that pesticide risks are eliminated.  The combination of rising public 

awareness and advancing technology leads to registration requirements that will 

continue to be complex and costly to meet.   

Recognizing this problem, the EPA has increased efforts to streamline 

registration of pesticides that are safe.  The agency attempts to clarify what 

characteristics are desired, and to reduce registration costs for pesticides that have those 

characteristics.  The intention is to ensure that safe pesticides are rapidly registered for 

every crop that can use them, that less safe ones are available only where absolutely 

needed, and that unsafe ones are not available. 

Many people, especially farmers of minor crops (i.e., those grown on few acres) 

or with minor uses (i.e., pest problems that are uncommon), believe these efforts have 

failed.  The revenues a pesticide registrant can earn in such minor pesticide markets are 

limited and do not justify obtaining a costly registration from the EPA.  Farmers believe 

that they are left with limited numbers of lower quality pesticides.  They believe they 

do not benefit from innovations of safer and more effective pesticides and that they are 

particularly burdened when cancellation of, or pest resistance to, a pesticide occurs.  

Minor crop farmers may have to apply greater quantities of lower quality, potentially 

less safe, and older pesticides to control their pest problems.   

If these problems are indeed caused by haphazard and overly restrictive EPA 

registration standards, then EPA policies are backfiring.  Not only do they impose an 

undue burden on many farmers, but they also increase pesticide risk by restricting 
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access to improved pesticides.  This study sheds light on this issue by constructing a 

model to explain how registrations come about, and by using the model to analye 

pesticide registration data from 1991 to 1999 to determine empirically which crop and 

pesticide characteristics explain whether a pesticide is registered for a crop.   

 

1.2 The Pesticide Industry 

The crop-protection pesticide industry had $8.3 billion in sales in 1996 

(Fernandez-Cornejo, Jans, and Smith 1998).  The industry’s products are critical to 

protecting the $75 billion United States agriculture sector from pests.  About 40 percent 

of the agriculture sector is made up of minor crops, many of which are believed to lack 

the pesticide choices necessary to achieve maximum yields (IR-4 1995).   

The pesticide industry deserves attention because of its economic importance 

and because it is a special case of highly regulated market activity.  Like 

pharmaceuticals, pesticides are complex products that are costly to develop and face 

stringent safety testing requirements before they may be sold.  The pesticide industry 

faces the further difficulty of having a highly segmented marketplace.  Each crop is a 

separate pesticide market divided from others by the crop-specific safety tests required 

by the EPA before the pesticide may be sold for use on the crop.   

These requirements create a special kind of product dissemination situation.  

Registration standards provide the EPA with not only the ability to prevent certain 

pesticides from being sold, but also the ability to enable some to be disseminated 

rapidly to many crops while limiting others to only a few.  This occurs because the 
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standard of proof for demonstrating that a pesticide is safe on a particular crop can vary 

depending on pesticide and crop characteristics.   

Used effectively, these powers can enable the agency to promote safety by 

encouraging registration of the safest pesticides in the widest number of markets, while 

limiting availability of less safe pesticides.  Used poorly, these powers may restrict 

even the safest pesticides from reaching crops, especially minor ones.  They may also 

be ineffective.  Market factors such as pesticide productivity may overwhelm the EPA’s 

efforts to promote safety.   

Dissemination is not the end of the story.  Registration of a pesticide for a crop 

does not ensure that it will remain registered.  The EPA requires annual registration 

maintenance fees for every crop for which a pesticide is registered.  The agency often 

requires additional safety testing, especially for older pesticides subject to re-

registration.  The EPA also regulates the total dietary exposure of the US population 

from all sources, which may cause firms to withdraw registrations in one market to 

enable more exposure from sales in another market. 

Pesticide withdrawals from crop markets are common even when the EPA has 

not specifically intended to eliminate a pesticide use.  Changes in the cost of 

maintaining pesticides in general can have unintended effects in particular crop 

markets.  Pesticide firms may withdraw a perfectly safe use because the revenue they 

earn in a market does not justify the cost of meeting a registration maintenance 

requirement. 
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1.3 Objectives of this Study 

This is a study of the impact of regulation on crop-specific pesticide registration 

decisions as reflected in what are called registration outcomes.  Registration outcomes 

are pesticide registration opportunities that are either taken or forgone by firms based 

on their evaluation of whether the revenues they can earn in the market justify the 

registration or registration-maintenance costs.  One type of registration outcome is the 

stock of pesticides available to a crop at a given time.  The stock is determined by 

pesticide-firm entry, maintenance, and withdrawal decisions.  The flows, observable 

pesticide entries or withdrawals to and from particular markets, are also registration 

outcomes.  Stocks and flows of registrations reflect the market and regulatory 

environment in which they are made.   

The dissertation begins with two chapters of background information.  Chapter 

2 describes the regulations that apply to pesticides.  Chapter 3 describes related 

literature.  Most previous work has focused on two registration events: innovations of 

entirely new pesticides and complete cancellations of pesticides by the EPA.  While 

these events are certainly important, they are uncommon relative to the myriad 

decisions as to whether to add, maintain, or drop crops from pesticide labels.  These are 

the decisions that actually determine which crops are able to benefit from the pool of 

potential registrations.  

Chapter 4 presents a model of EPA standard-setting and pesticide firm 

registration decisions.  In the model, a representative pesticide firm weighs the revenues 

and costs of registration decisions.  The costs of obtaining or maintaining registrations 
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are determined by EPA registration safety standards.  Whether a pesticide meets those 

standards is determined by safety characteristics, including pesticide toxicity to a 

particular resource, and exposure characteristics, which are pesticide and crop 

characteristics that determine the potential for a pesticide to come in contact with 

people or the environment.  Congress and the EPA weigh public concern for safety 

against farmer and pesticide-firm concern for pesticide availability to decide what level 

of testing to require.  That level of testing affects which registration opportunities are 

profitable. 

The model demonstrates how the likelihood that a registration exists, is added, 

or is withdrawn varies with market and regulatory characteristics.  The revenue a firm 

can earn with a pesticide registration is determined by market factors, including crop 

value, pesticide effectiveness, and pesticide safety characteristics of interest to farmers.  

Registration costs are determined by how the EPA varies registration standards with the 

characteristics of the pesticide and crop combination.  The characteristics of a pesticide 

do not change over time.  What changes is the way those characteristics are transformed 

into registration costs by the EPA.  Over time, changes in registration outcomes will 

reflect either changes in market conditions or changes in EPA registration policies. 

Chapter 5 summarizes the characteristics of registration outcomes over the 

1990s.  It employs an intertemporal set of registration data for a wide selection of crops.  

Collecting this data set was complicated by the fact that old registration data are 

difficult to find.  The EPA requires that they be destroyed to avoid misunderstandings 

about what is currently registered for use.  Collecting the data set also required 
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extensive research into how approved labels, with their extremely detailed use 

specifications, can be transformed into a general statement of whether a pesticide is 

available for a crop or not.  Chapter 5 shows that the numbers of herbicides and 

insecticides available to most crops have increased.  What these summary data cannot 

show is why those pesticides have become available, whether they are likely to be safer 

ones, and what role the EPA has had in the changes. 

Chapter 6 reports on the application of a logit model to evaluate the effects of 

pesticide and crop characteristics on registration outcomes data.  Results are presented 

for the stock of herbicides and insecticides available in 1991, 1995, and 1999, and 

flows of new herbicide and insecticide registrations and withdrawals over the 1991 to 

1995 period and the 1995 and 1999 period.  These results provide answers to the 

following seven questions.   

First, does safety matter in registration outcomes?  If the EPA successfully 

promotes safer pesticides through registration standards, then safer pesticides should be 

more available in all crop markets.  After controlling for other characteristics, safer 

pesticides should be more likely to be registered for a given crop in a given year, they 

should be more likely to gain registrations over time, and they should be less likely to 

lose them.  The opposite should be true of less safe pesticides.  Comparing across 

pesticides, and controlling for other characteristics, as safety declines the probability 

that a pesticide is registered should also decline.   

Second, among safety characteristics, which ones are most important?  Some 

safety characteristics, such as toxicity to the eyes of applicators, matter to the farmers 
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who purchase pesticides.  Demand for those safety characteristics is transmitted to 

pesticide manufacturers through farm purchasing decisions.  Other safety 

characteristics, such as risk to birds or risk from minute pesticide residues in food, 

require the EPA to transmit public demand.  There may be evidence in registration 

outcomes that these types of safety characteristics affect registration outcomes 

differently. 

Third, how is safety related to human and environmental exposure?  Pesticide 

risk depends on both toxicity and exposure.  Optimally, the EPA intends to ensure that 

crops consumed most intensively by the public are less likely to have highly toxic 

pesticides registered for them.  If successful, then registration data should reflect those 

efforts. 

Fourth, how does crop national value affect registration outcomes?  Many 

farmers and farm advocates believe that minor crops have less access to pesticides.  

They believe that large-value crops gain registrations of the safest and most effective 

new pesticides, while minor crops are more likely to have older, lower quality products.  

Such a situation should be apparent in registration outcomes. 

Fifth, are there other explanations for why pesticides are less likely to be 

registered for some crops?  One alternative explanation is liability potential.  Some 

have suggested that registrations for small market-value crops tend to have higher 

liability cost, causing pesticide firms to avoid them.  Another possible explanation is 

patent protection.  The newest pesticides are less likely to be registered for a wide range 

of crops because they are closely controlled by a single firm that may not have the 
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resources to register its new products for minor crops.  The location where a crop is 

grown may matter too.  Crops grown primarily in California, a state with more stringent 

pesticide regulations than those imposed by the EPA, may have, or gain, fewer 

pesticide registrations. 

Sixth, is there evidence that the United States Department of Agriculture 

(USDA) Interregional project number 4 (IR-4) program has an effect on registration 

outcomes?  The IR-4 program undertakes pesticide registrations in situations where 

registration or registration maintenance by a private firm is unlikely.  The EPA cites the 

program as a way the government assures that minor crops are not particularly 

burdened by registration requirements.  While there is no doubt that the IR-4 program 

produces registration data, the question is whether they cause a clear increase in 

registrations compared to the number of pesticides registered for crops served only by 

the market.  Registration data can show whether farmers of crops that have received 

particular IR-4 attention are better off than those of crops that have not. 

Seventh, have patterns in registration outcomes changed through the 1990s to 

reflect changing EPA policies?  EPA policies were greatly affected by the 1996 Food 

Quality Protection Act (FQPA).  Certain safety standards became more stringent.  The 

agency also streamlined registration requirements, including removing the Delaney 

Clause, which complicated registration by creating different standards depending on 

whether a crop was for processing or not.  New EPA policies should affect registration 

outcomes. 
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Chapter 7 concludes the dissertation with a summary of findings and a 

discussion of the policy implications.  There is also a discussion of opportunities for 

further research to improve and extend this work. 
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2. THE PESTICIDE REGISTRATION, RE-REGISTRATION, AND 

CANCELLATION PROCESSES 

 

2.1 History of Pesticide Regulation 

Pesticides are regulated under the Federal Insecticide, Fungicide, and 

Rodenticide Act (FIFRA) and the Miller Amendment of the Federal Food Drug, and 

Cosmetic Act (FFDCA).  FIFRA concerns pesticide registration, labeling, and use.  The 

Miller Amendment establishes maximum legal pesticide residues in food.  These acts 

and their subsequent amendments are discussed in this chapter. 

 

2.1.1 The Federal Insecticide, Fungicide, and Rodenticide Act 

FIFRA was first passed in 1947 and amended in 1959, 1964, 1972, 1975, 1978, 

1980, 1981, 1988, and 1996 (ACPA 1999a; Marco, Hollingworth, and Plimmer 1991; 

Ware 1994).  These amendments increased the ability of the USDA (before 1970) and 

the EPA (after 1970) to control which pesticides are registered and how they are sold.  

At the same time, efforts have been made to fine-tune regulation to minimize its impact 

on pesticide uses that are safe. 

Before 1972, FIFRA required that all pesticides subject to interstate trade be 

registered with the USDA (after 1970, with the EPA); be labeled to provide accurate 

manufacturer, use, and safety information; and be safe if used as directed.  The 1972 

amendment to FIFRA: (1) extended registration requirements to pesticides traded 

within states as well; (2) required that firms provide scientific evidence to demonstrate 
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that a pesticide is safe to consumers, applicators, and the environment if used as 

directed; (3) required that pesticides be used as labeled and created penalties for their 

misuse; (4) created a restricted-use classification of pesticides which only licensed 

applicators may use; (5) required that pesticide manufacturing plants be registered and 

inspected by the EPA; and (6) allowed states to register pesticides for special local 

needs. 

In 1975, 1978, 1980, and 1981 FIFRA was further amended to clarify and 

streamline registration and use requirements, and to initiate re-registration of pesticides 

registered under earlier, less demanding standards (Ware 1994).  States were required to 

enforce pesticide use requirements.  Testing requirements were focused on active 

ingredients rather than products so that tests would not be repeated for each product that 

included a given active ingredient.  In 1978, registrants were given limited property 

rights to the scientific research they produced for their registrations.  Other firms were 

given the right to use proprietary data but were required to compensate the original 

producer (Ollinger and Fernandez-Cornejo 1995).  The 1978 amendment allowed the 

EPA to reduce testing requirements for low-risk pesticides and minor-crop registrations 

(Ollinger and Fernandez-Cornejo 1995).  In that year, the EPA released its first list of 

restricted-use pesticides and began certifying applicators qualified to apply them (Ware 

1994).  Beginning in 1981, risk/benefit analysis was required for all pesticide regulatory 

decisions.   

In 1988, FIFRA was amended to enable the EPA to begin charging pesticide 

registration fees and annual registration maintenance fees.  In addition, this amendment 
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allowed the EPA to change re-registration requirements, increased the number of 

pesticides to be re-registered, and set a limit (originally the year 1997) on the amount of 

time available for the EPA to complete re-registration.  In the 3 years following the 

establishment of registration maintenance fees, 26,000 pesticide products were canceled 

by the EPA for nonpayment of fees (Ware 1994).  Most of these products were rarely or 

never sold, and only kept on the books because there was no cost to pesticide firms for 

doing so.  Some of the products sold were dropped because the registrants did not 

believe the EPA would re-register them or because the cost of re-registration exceeded 

the value of the pesticide’s sales.  In an effort to streamline registration and re-

registration, the 1988 FIFRA amendments mandated that pesticides that are 

substantially similar to ones already on the market may be registered with fewer test 

requirements. 

FIFRA was most recently amended by provisions in the Food Quality Protection 

Act (FQPA) of 1996.  FQPA requires evaluation of a greater range of pesticide health 

risks and limits consideration of pesticide benefits (Phillips and Gianessi 1998).  FQPA 

requires greater evaluation of the effects of pesticides on children, the human endocrine 

system, and the cumulative risk from exposure to pesticides from all sources.  Pesticide 

benefits may only be considered for chemicals that pose a negligible health risk or for 

pesticides required for an emergency, such as an imminent public health risk or a 

disruption of the food supply (Phillips and Gianessi 1998).  Provisions were established 

for expedited review of registration applications for safer, new pesticides and for 
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pesticide registrations on minor crops.  Re-registration requirements were modified to 

establish that every pesticide registration be re-registered every 15 years. 

 

2.1.2 The Federal Food, Drug and Cosmetic Act 

The Federal Food, Drug and Cosmetic Act of 1906 set standards of purity for 

food commodities shipped interstate.  The Miller Amendment to the FFDCA (section 

408 of the FFDCA), passed in 1954, established that no raw agricultural commodity 

may be sold that contains pesticide residues in excess of the commodity’s established 

tolerance for that pesticide.  Section 408 requires the EPA to set tolerances that reflect 

both the risks and the benefits of pesticides (National Research Council 1987).  The 

Food and Drug Administration (FDA) is responsible for detection of pesticide residues 

and enforcement of tolerances. 

In 1958, Congress passed section 409 of the FFDCA.  Section 409 imposed 

special standards all substances added to foods in processing.  Unlike section 408, 

section 409 did not require that benefits be considered when approving a tolerance 

(National Research Council 1987; Butts et al. 1996).  In order for a food additive to be 

approved for use in a processed food, the registrant had to demonstrate that residues 

below the tolerance were safe, with no leniency accorded chemicals that provided great 

benefits.  Section 409 also included the Delaney Clause, forbidding any use of food 

additives found to be carcinogenic in humans or animals. 

Section 409 greatly complicated pesticide regulation because the EPA had to 

establish section 409 tolerances as well as section 408 tolerances for pesticides used on 
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the portion of a crop that was intended for processing (National Research Council 1987; 

Osteen 1994).  Because section 409 tolerances were not permitted to reflect pesticide 

benefits and because they forbid any carcinogenic residues, section 409 tolerances were 

more restrictive than section 408 tolerances.  

In recognition of the duplicative and inconsistent safety standards required by 

sections 408 and 409, Congress specified in section 409 that pesticides only be 

considered food additives, and therefore subject to section 409, if they concentrate in 

foods during processing (National Research Council 1987; Butts et al. 1996; 

Environmental Working Group 1998).  When a new pesticide tolerance application was 

presented for a crop that is processed, the EPA determined whether the pesticide 

concentrates during processing.  If the pesticide does not concentrate, or if there is no 

risk associated with the pesticide that would exceed the more restrictive section 409 

standards, then the EPA established a single, section 408 tolerance.  If the pesticide 

concentrates during processing and it has a risk characteristic that exceeds what section 

409 allows, then the EPA established a section 409 tolerance.  In practice, the only risk 

characteristic that was considered to exceed section 409 standards was carcinogenicity.  

The Delaney Clause’s zero tolerance for carcinogens had the potential to cause 

cancellation of many registrations (National Research Council 1987). 

Applicability of the Delaney Clause to pesticides was never definitively 

established and was the subject of much debate.  Before 1988, the EPA enforced the 

Delaney Clause for new tolerance applications but did not use it to reevaluate 

tolerances that were registered before their carcinogenic potential had been determined 
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(National Research Council 1987).  In 1988, the EPA established the de-minimus 

exception to the Delaney Clause allowing section 409 tolerances for potentially 

carcinogenic chemicals when the benefits were substantial and a tolerance level could 

be found that would result in negligible risk (1 case in 1 million people) (Butts et al. 

1996).  The legality of the de-minimus interpretation of the Delaney Clause was 

contested extensively in the courts and was overturned in 1992.  The EPA was in the 

process of eliminating many pesticide registrations when the Food Quality Protection 

Act (FQPA) was passed in 1996. 

The FQPA had several important effects on FFDCA (EPA OPP 1998b), the 

most important of which was elimination of the differing tolerance standards for raw 

and processed foods.  The new law establishes a single standard that requires evaluation 

of a greater number of pesticide risks and allows limited consideration of pesticide 

benefits (Phillips and Gianessi 1998).  Tolerances must now be set with special 

consideration to the cumulative effects of pesticides absorbed through all routes of 

exposure including food, air, water, and household use.  Exposure calculations must 

also take into consideration the combined effects of different pesticides that have modes 

of action similar enough to be cumulative.  The FQPA requires that the particular 

effects of pesticides on children and on the human endocrine system be considered in 

setting tolerances.  The FQPA does not allow the EPA to consider pesticide benefits 

when setting new tolerances (Fernandez-Cornejo, Jans, and Smith 1998).  The act 

requires that tolerances be reevaluated every 10 years to ensure they meet the latest 

standards. 
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2.1.3 Overall Impact of Legislation and Other Events on Registration Requirements 

in the 1990s 

In recent years, testing requirements have increased in response to newly 

discovered or better understood sources of risk, increased ability to detect residues in 

food and the environment, and increased ability to model the environmental fate of 

pesticides (Day, Kuhn, and Vandeman 1995).  The EPA has also streamlined 

registration requirements for those chemicals that meet or exceed safety requirements, 

with special attention toward registrations for minor crops (CAST 1999).  Greater 

attention has been given to risks to particular people, such as limiting exposure to farm 

workers in the field, or reducing food tolerances in recognition of the greater ratio of 

food consumption to body weight in children (EPA OPP 1998b, 2000).  Recognition 

that the total risk presented by a pesticide is a function of all routes of exposure has led 

to greater attention toward limiting the sum of tolerances for all crops.  

Tables 2.1 and 2.2 summarize some of the major regulatory initiatives 

undertaken by the EPA during the 1990s.  These initiatives demonstrate increasing 

stringency of standards resulting from a better understanding of risks and how to 

mitigate them.  They also demonstrate EPA efforts to streamline the registration 

process to reduce the impact of regulation on pesticide registrants.  Many initiatives 

begun by the EPA in the early 1990s became mandates under the 1996 FQPA.  These 

included improved analysis of environmental fate, risks to children and other members 
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of the population, and aggregate exposure risk from multiple sources of similar active 

ingredients.  

The latest changes in safety standards under FQPA may have a significant effect 

on registrations now and in the near future.  Although many imminent cancellations 

under the de-minimus interpretation of the Delaney Clause were avoided by FQPA, the 

new rules may result in many cancellations.  The greater limitations on the 

consideration of pesticide benefits have restricted the ability of the EPA to limit 

economic disruptions associated with rule changes (Phillips and Gianessi 1998).  

Greater attention to the cumulative effects of multiple pesticides with the same mode of 

action (meaning their effects may be cumulative) may greatly affect which pesticides 

are available.  For example, organophosphate and certain organochlorine pesticides are 

extensively applied classes of pesticides with levels of total exposure from all registered 

uses that are likely to trigger the now stricter limitations on total exposure (ACPA 

1999b).  

Since the summer of 1999, the changes mandated by the FQPA have only been 

partially instituted and their full effect has yet to occur.  For example, most of the 

cumulative effects of multiple pesticides with similar modes of action are still 

unknown.  The procedures for testing for and restricting these cumulative effects are 

not complete.  The EPA is developing environmental fate and exposure models to 

determine the extent of risk to people, wildlife, and non-target plants and insects.  

These improvements in risk and exposure detection may increase the cost of pesticide 

registration because of the data required by fate modeling.
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Table 2.1—Initiatives that may increase regulatory stringency and compliance costs for 
herbicide and insecticide registration 

Date Initiative Source 
1992 Voluntary risk reduction initiative for granular pesticides that 

pose a risk to birds. 
EPA OPP 1995 

 Ninth Circuit Court of Appeals mandates strict interpretation of 
the Delaney Clause causing the EPA to begin process of 
revoking tolerances for carcinogenic pesticides on processed 
commodities. 

EPA OPP 1995 

1993 National Academy of Science releases study of the effects of 
pesticides in the diets of infants and children and the EPA 
begins implementation by: (1) increasing assessment of toxicity 
to infants and children, (2) increasing use of data measuring the 
food consumption of sub-populations such as infants and 
children, and (3) increasing consideration of exposure through 
multiple routes and of chemicals that have similar effects. 

EPA OPP 1995 

1994 Water quality standards instituted that: (1) require consideration 
of water contamination potential at registration and re-
registration, and (2) trigger special review process when water 
quality is adversely affected. 

EPA OPP 1995 

 The EPA begins requesting endangered species data for some 
registration requests in accordance with 1988 Endangered 
Species Protection Program. 

EPA OPP 1995 

1995 Worker Protection Standards become fully effective (registrants 
required to test and label products to meet stricter standards). 

EPA OPP 1995, 
1996 

1996 FQPA requires consideration of risks to infants, children, and 
other sub-populations in setting residues.  All existing tolerances 
must be re-evaluated within 10 years to ensure compliance. 

EPA OPP 1997, 
1998b. 

 FQPA requires consideration of total exposure to a pesticide 
from all routes including food, water, home, and workplace.  It 
also requires the cumulative effect of different pesticides with 
similar toxic effects. 

EPA OPP 1997, 
1998b. 

 FQPA limits consideration of pesticide benefits in determining 
tolerances.  Benefits can be considered only when use of the 
pesticide would prevent greater health risks or “a significant 
disruption” of food supply. 

EPA OPP 1997, 
1998b. 

 FQPA establishes 15-year re-registrations cycle. EPA OPP 1997, 
1998b. 

 FQPA requires consideration of effects of pesticides on human 
endocrine systems. 

EPA OPP 1997, 
1998b. 

 The joint EPA/industry Coalition on Drift Minimization 
established to use research, education, and regulation to reduce 
risks of off-target spray drift. 

EPA OPP 1997. 

1997 Interim risk assessment methods developed for aggregate risk 
from multiple routes of exposure. 

EPA OPP 1998b. 

 Cumulative risk assessment approach developed to evaluate risk 
from pesticides with similar toxic effects. 

EPA OPP 1998b. 

 Interim risk assessment approach for pesticide residues in 
drinking water implemented. 

EPA OPP 1998b. 
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Table 2.2—Initiatives that may streamline regulatory requirements and decrease 
compliance costs for herbicide and insecticide registration 

Date Initiative Source 
1991 Rejection rate initiative to study data rejected by the EPA to 

identify common errors that delay registration applications. 
EPA OPP 1995 

1993 Reduced risk initiative created to streamline and expedite 
registration of pesticide types certified to be of reduced risk. 

 

1994 First reduced risk pesticide registered. EPA OPP 1995 
 The EPA and California sign memorandum of understanding 

pledging to harmonize registration standards and share duties. 
EPA OPP 1995 

 Reduced stringency of experimental use standards for 
pheromones and microbial pesticides. 

EPA OPP 1995. 

 Label review manual available to simplify creation of 
acceptable product labels. 

EPA OPP 1996. 

1995 Expansion of categories of registration changes that can be 
made without EPA approval (only requiring notification). 

EPA OPP 1996. 

 Presidential directive to reduce regulatory burdens causes the 
EPA to review all regulations to eliminate outdated or 
unnecessary requirements. 

EPA OPP 1996. 

 Biopesticides and Pollution Prevention Division permanently 
established at the EPA to ensure that reduced regulatory 
standards for biopesticides are correctly applied. 

EPA OPP 1996. 

 Reduced worker protection standards established for 
biopesticides. 

EPA OPP 1996. 

1996 FQPA establishes a single residue standard for fresh and 
processed food. 

EPA OPP 1997. 

 EPA expands reduced risk program to cover not only new active 
ingredients but also new uses for existing pesticides.  

EPA OPP 1997. 

 FQPA mandates expanding reduced risk program to include 
pesticides and uses that reduce risk to a broader category of 
resources, including water and non-target organisms. 

EPA OPP 1997. 

 FQPA establishes a minor use program within the EPA to 
encourage minor use registrations by reducing registration 
standards, expediting review of applications, and funding safety 
testing for minor crop registrations.  Minor uses are specifically 
defined as crops grown on less than 300,000 acres or pest 
problems that are uncommon or affect few acres. 

EPA OPP 1997. 

 First new pesticide evaluated jointly by the EPA and Canadian 
authorities under efforts to harmonize regulation and share 
regulatory responsibilities. 

EPA OPP 1997. 

1997 EPA management reorganization implemented to reduce the 
levels of management, create multi-disciplinary branches to 
facilitate interaction between specialists, and consolidate 
administrative, support, information, and field operations 
activities. 

EPA OPP 1998b. 

 Label review manual revised. EPA OPP 1998b. 
1998 Minor use team leader established to facilitate minor use 

registrations. 
EPA OPP 1998b. 
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2.2 The Process of Pesticide Registration 

Registration is a term that encompasses several stages of data submission and 

approval.  At every point, firms bear the burden of proving the quality of their data and 

the safety of the product in its recommended use.  The EPA evaluates the firm’s data 

and suggested product label.  The EPA either approves the application or returns it to 

the firm for further tests or modifications. 

Registration applications include a specific description of the site and use-

pattern that will appear on the label.  The site defines the crop, group of crops, or 

portion of a crop for which the registration applies.  It may limit use to a more specific 

portion of the crop such as that grown in a geographic location or for a particular type 

of final product, such as food versus feed.  Use-patterns define how a pesticide may be 

applied.  They may include whether it may be applied to the soil or the plant itself.  

They also restrict use to a particular application method, number of applications per 

season, timing of application, application rate, and pre-harvest interval. 

Understanding how registrations are obtained is important for understanding 

pesticide market entry, maintenance, and exit.  The process has costs, which firms 

respond to when making their pesticide registration decisions.   

 

2.2.1 Pesticide Residue Tolerances 

If the registrant would like to sell an active ingredient for use in such a way that 

residues may remain on a food commodity at harvest, then it must apply for a residue 
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tolerance.  A tolerance is a residue threshold below which the registrant demonstrates 

that there will be no adverse health effect to consumers of the crop.  The registrant 

suggests a residue tolerance threshold that they believe the labeled use of their product 

will not exceed, and that they believe is safe.  If the EPA agrees with the data, then the 

tolerance is established. 

If the registrant plans to register the active ingredient in products that will be 

used in such a way that no residues are expected to remain on the commodity, then no 

tolerance is necessary.  The firm still must label the product for the site and demonstrate 

that the use-pattern requested will leave no residues. 

If a safe pesticide residue level cannot be determined, then a threshold of zero 

residues is established.  Under section 409, the Delaney Clause specifies that any active 

ingredient that is carcinogenic must have a zero threshold in foods that are processed.  

A zero threshold means the active ingredient can only be used on a crop if its use-

pattern guarantees that no residue will remain on the crop at shipment.   

Under the 1996 FQPA, the differing standards for raw and processed 

commodities were reconciled.  While this eliminated the automatic zero tolerance for 

cancer risk in crops intended for processing, it increased the probability of a zero 

tolerance for all types of risks by limiting consideration of pesticide benefits in 

tolerance setting.  Many pesticide uses still have zero tolerances under the FQPA. 

Tolerances are not directly enforced by the EPA.  The FDA is responsible for 

testing the quality and safety of commodities.  The FDA’s commodity tests ensure that 

active ingredient residues in food are below the EPA-established tolerance.  Indirectly, 
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though, the EPA does enforce tolerances because they are used, as will be described in 

a moment, in the labeling of pesticide products to ensure that the instructions for use 

will ensure residues below the tolerance. 

To reduce the cost of registering tolerances, the EPA allows some flexibility in 

the types of data submitted.  The EPA (under 40 CFR §180.34(d) and (e)) allows 

residue tests made on one crop to be used as data when applying for a tolerance on 

another similar crop.  For example, apples and pears are considered similar enough that 

when applying for a tolerance for pears the registrant can use data collected on apples.  

This only applies to chemicals that are not absorbed into plants.  Also, many crops do 

not appear in these lists and therefore cannot benefit from them. 

The EPA also has a policy called crop grouping (under §180.34(f)-(i)), which 

combines collections of crops into a single tolerance site.  Each group has three or four 

representative commodities.  If a registrant obtains tolerances for the representative 

commodities, then the EPA may extend those tolerances to all the crops in the group.  

For example, the root and tuber vegetables group includes 36 commodities represented 

by carrots, potatoes, radishes, and sugar beets.  If similar tolerances are set for the four 

representatives (with residue limits that vary by a factor of 5 or less), the EPA may 

extend the tolerances to the entire group.  In 1990 a minor-use task force reported that 

the crop grouping system, which was intended to be a “save all” for minor crops, was 

actually ineffective because of limitations to its applicability.  For example, the 

requirement that residues on representative crops differ by no more than a factor of 5 

often makes group tolerances for leafy green crops impossible (Baron et al. 1990).  In 
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1994, crop group tolerances made up at most 10 percent of tolerance applications 

(Jamerson 1996).  Furthermore, as will be discussed in a moment, the existence of a 

tolerance for a crop does not allow farmers of the crop to use the pesticide.  That 

requires a registration. 

 

2.2.2 Pesticide Registration 

Active ingredients are not directly registered for sale.  They become registered 

when a pesticide firm registers a pesticide product that is made from the active 

ingredient.  A product registration application includes the details that will appear on its 

label.  The label specifies the active ingredients in the product, the crop site(s) it will be 

used on, and the use-pattern (the specific instructions for use) that will appear on the 

label.  The label application is accompanied by supporting data to demonstrate that the 

use is safe.  Because the label defines the product and how it will be used, product 

registration is called product labeling. 

Although product registration and product labeling are synonymous, the term 

labeling is used here to differentiate registration of products from registration of 

pesticide active ingredients.  While an argument can be made that product labeling is 

the step that best indicates whether a pesticide is registered for a crop, it is just one step 

in the pesticide registration process.   

Supporting data for a label application are generated by tests carried out on the 

active (and some inert) ingredients that make up the pesticide product.  The tests 

determine the toxicity, residue chemistry, environmental fate, level of hazard to humans 
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and domestic animals, required reentry protection, spray drift evaluation, hazard to non-

target organisms, and product performance (40 CFR §158.202(c)-(i)).  Those data, 

along with the registrant’s proposed use-pattern, provide the EPA with an 

understanding of the potential exposure of the pesticide in its intended use-pattern to 

food consumers, agricultural workers, and the environment.  The agency can then 

decide whether that exposure is safe. 

Some of these data are produced only once for an active ingredient and used in 

the labeling of every product in which it is included.  For example, a study that 

demonstrates the rate of degradation of an active ingredient in soil may be able to be 

used for all products and sites for which the active ingredient will be registered.  Other 

tests, such as residue chemistry for residues on a particular crop, may be used only for 

registrations for that crop.  Also, because some active ingredients interact in ways that 

may increase their risk, some tests are done on the final product and its particular 

formulation of active ingredients. 

Protecting consumers is a major portion of the registration expense.  This is 

because residue chemistry data must show that under the use-pattern suggested, and on 

the specific crop under consideration, consumers will not be exposed to residue levels 

higher than the established tolerance for that crop.  As discussed before, some tests 

made on one crop may be used to show residue effects on another, but since product 

labeling involves specific analysis of the use-pattern that will be on the label for a 

particular crop or site, the opportunity for group registration is limited.  Product 

labeling requires more crop-specific data than tolerance setting. 
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Certain labels are less costly to obtain than others.  Label applications for 

products that are substantially similar to others already registered are expedited by the 

EPA, reducing the labeling cost and delay.  Labels for pesticides known to be generally 

safer than traditional chemicals, such as biologicals, are also streamlined to reduce 

costs, especially following the 1996 FQPA.  The EPA has also tried to reduce the cost 

of labeling products for minor crops.   

If a registration is approved, then the pesticide firm can sell the product with the 

approved crop site and use-pattern clearly printed on the label.  Pesticide registration 

enforcement is based on how the product is labeled.  Commercial farmers may only use 

a product on the crops listed and in the manner labeled.  They will only have access to 

an active ingredient if it has been formulated and labeled as a product. 

Labels may be created and amended with EPA approval.  The registration status 

of a crop may change by being on the original label application or by being part of a 

label amendment.  Amendments may contain additional crop sites, deletions of sites, or 

changes in use-patterns.  A product’s labeled sites may be combined on one product or 

separated on multiple ones.   

Multiple types of applications are often combined for simultaneous EPA 

registration assessment.  For example, tolerances and a label including several different 

crop sites may all be submitted for approval at once.  Alternatively, firms may rush a 

pesticide into one crop’s pesticide market to recoup some of their investment quickly, 

and to test the EPA’s reaction to their data, then add other sites later as label 

amendments.   
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The order in which crops are added to labels will affect the cost of subsequent 

applications.  As an active ingredient is registered on more and more crops, the amount 

of data submitted or available to submit to the EPA accumulates, reducing the cost of 

each additional registration.  For example, in the process of registering a label for a 

product on potatoes, the registrant may develop all the lab tests necessary to add other 

or all root and tuber crops to the label.  

Tolerance data is used in two ways in labeling applications.  One, discussed 

already, is to ensure that when someone eats a single crop it will not contain more than 

a safe residue level.  The registrant must show the EPA that the labeled use-pattern will 

not result in residues above the legal tolerance.  Final inspection and enforcement of 

residues on commodities is done by the FDA.  The other use for tolerances is to ensure 

that total exposure through all routes of exposure (such as from all foods, water, and 

air) will not combine to reach an unsafe exposure level.  This rule impacts all labels. 

The maximum exposure that is safe from all routes of exposure is called a 

reference dose.  Pesticide registrants must ensure that no person’s total pesticide 

exposure from all crops consumed in an average diet will exceed the reference dose.  

This is done by summing all crop tolerances, weighted by the average annual 

consumption of each commodity, to ensure that the total remains below the reference 

dose.  This requirement means that applying for a label on one crop is not independent 

of other applications for other crops. 

Labeling is a highly crop-specific decision process on the part of registrants.  

Crop sites can be defined very specifically by the firm to limit exposure to food 



29 

consumers or to keep the site from adding to the reference dose.  The registrant may 

also choose a very specific site because the efficacy and phytotoxicity (i.e., pesticide 

toxicity to the crop itself) characteristics are unknown for all but a few specific crop 

sites.  Tests to determine optimal use-patterns and potential phytotoxicity are 

expensive.  For this reason labels list use-patterns for particular crops, with even more 

specific site limitations (such as seed crop only) or limits to certain stages of the 

growing season.  The need to provide use-pattern instructions and the potential liability 

for misdirecting users causes firms to pass up adding crops, or to drop groups, to their 

labels even if the registration is safe and EPA registration standards are not costly to 

meet. 

 

2.2.3 Specific Toxicity and Exposure Tests Required by the EPA 

Each EPA registration decision is documented and published in the Federal 

Register to explain the risks evaluated, EPA findings for the specific registration case, 

and the registration decision.  As mandated by FIFRA and its subsequent amendments, 

chemical toxicity and potential exposure are evaluated to determine the risk of each 

registration candidate.  Toxicity includes ratings of acute and chronic effects to people 

and the environment.  Exposure ratings gauge the likelihood that the pesticide comes in 

contact with those resources. 

Acute toxicity.  Acute toxicity includes immediate reactions caused by exposure 

to the chemical in high doses.  Human oral, dermal, inhalation, and eye exposure are 

considered.  The EPA requires detailed animal (usually rats and rabbits) studies to 
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estimate the no observable effect level (NOEL) and the least observable effect level 

(LOEL) from exposure.  The LOEL is the minimum level of exposure that causes an 

adverse reaction in a test animal.  The NOEL is a level at which no adverse effects are 

identified.  These data are used to determine the level of risk from each route of 

exposure.  For example, a chemical that causes respiratory problems at very low 

inhalation concentrations would require warnings about its inhalation risks.  These data 

are used to determine pesticide application requirements to ensure that agricultural 

workers or others incidentally exposed to pesticides (such as agricultural workers in a 

field) are not exposed to unsafe concentrations. 

Chronic toxicity.  Chronic toxicity includes health effects resulting from long 

term, low-level exposure to a toxin.  The EPA requires tests of the effects of extended, 

low level exposure on animal organs, reproduction, and development.  Tests are also 

conducted to detect evidence of cell mutation and carcinogenicity.  For each risk, the 

EPA uses estimated NOELs and LOELs to establish a reference dose (at times 

abbreviated as RfD) for each chemical.  The reference dose is the maximum safe daily 

exposure any person should receive from the chemical. 

Aggregate exposure from all food.  Each pesticide registration has the potential 

to contribute to the daily exposure to the average food consumer.  Maximum exposure 

is estimated using food consumption and pesticide usage data from the USDA.  The 

EPA calculates the average exposure using pesticide registration and usage, commodity 

maximum residue tolerances, and food consumption data.  The EPA controls 
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registrations and tolerance to ensure that the total estimated exposure to consumers 

remains below the reference dose.   

The EPA has a four-tiered approach to evaluating exposure (EPA OPP 1998a).  

The first tier, the least costly to perform, is calculated by assuming every crop has its 

maximum residues and every consumer eats the same average diet.  This provides a 

worst-case scenario in terms of residues, though it may not be the worst case in terms of 

individual exposure because certain people may consume greater than average 

quantities of the particular crops.  Tiers 2-4 are performed using greater detail about the 

distribution of residue levels and different average consumption for population sub-

groups.  The impact of each registration on the total exposure of particular population 

sub-groups (e.g., infants, vegetarians, or pesticide applicators) is carefully evaluated, 

especially following passage of the FQPA.   

Aggregate exposure from all routes of exposure.  In addition to evaluating 

exposure from food consumption, the EPA estimates the total exposure potential from 

all other routes of exposure such as residue leaching from fields into watersheds that are 

sources of drinking water, or exposure from pesticide application in fields or in the 

home.  Agricultural, industrial, and household registration, usage, residue, and exposure 

data are used in complicated computer models to estimate how each new registration 

will affect total exposure for the general population and sub-groups.  The total exposure 

from all routes of exposure must remain below the reference dose for each chemical.  

Application of these complicated requirements is just beginning. 
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Aggregate risk from exposure to different pesticides with similar effects.  

Multiple active ingredients may sometimes affect the same physiological process in 

human bodies.  These effects are potentially cumulative.  Following the 1996 FQPA, 

the EPA began to require every registration application to include a systematic 

evaluation of whether there is evidence that multiple pesticides have cumulative health 

effects.  When these effects are identified, registrations and tolerances set for the 

pesticides must take total exposure from every route of exposure for every chemical in 

the group into consideration.   

Potential illegal exposure of one crop from legal exposure of another.  

Residues in soil and water often remain after one crop is harvested and another planted.  

They can also drift or leach in water and air from one crop to a neighboring one.  

Recognizing these problems the EPA requires that registration applications include 

analysis of the potential of a pesticide to come in contact with other crops.  Often rules 

are added to labels requiring that no crop without a legal tolerance for a pesticide be 

planted within a certain distance or time period of one on which the pesticide is applied. 

Environmental toxicity and exposure.  A similar, though less thorough 

evaluation of toxicity and exposure is conducted to determine a pesticide registration’s 

impact on the environment.  Toxicity of each active ingredient to non-target insects, 

plants, and wildlife is determined.  Toxicity to honeybees, birds such as ducks and 

quail, and fish such as trout are the most commonly reported toxicity tests.  Potential 

exposure to those resources is determined with an evaluation of pesticide persistence 

(i.e., the amount of time it takes the active ingredient to break down to a harmless 
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form), pesticide bioaccumulation in plants and animals, and pesticide mobility in water 

and soil.  Wildlife are more likely to be exposed to chemicals that persist for long 

periods, bio-accumulate in the food chain, and move from where they were applied to 

where they may affect wildlife such as in streams. 

While all of  these issues were considered before 1996, the FQPA required a 

much more systematic evaluation of each potential risk for every pesticide.  Before 

1996, cumulative risk and risk to subsets of the population were evaluated at the 

discretion of EPA.  Since 1996, every pesticide registration must include a specific 

discussion of and test results on all the issues mentioned above.  This has increased the 

cost of registration.  The full effects of the FQPA are still not completely integrated into 

pesticide regulations and the registration process. 

 

2.2.4 Pesticide Re-registration 

Pesticide re-registration is the systematic re-evaluation of all older pesticide 

registrations.  It is necessary because knowledge of pesticide risks increases, and the 

public’s tolerance for that risk changes.  Pesticides registered in the past may not satisfy 

current safety standards.  This can include more stringent standards concerning risks 

that were known in the past, or new risks that were unknown when the pesticide was 

previously registered. 

Re-registration of all existing pesticides to ensure that they meet current safety 

standards has been a goal of the EPA since the early 1970s (Gray 1991).  It is an 

enormous task because of the number of registrations to be reconsidered and because 
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the standards keep changing.  The agency has yet to arrive at a point where all 

registrations are current.  The 1988 amendments to FIFRA helped the process along by 

imposing pesticide re-registration fees.  The fees were substantial, though they were 

reduced for minor crop and minor use registrations, and for pesticides produced by 

small firms.  Largely because of these fees, by 1991, the number of registered products 

had fallen from 44,000 to 20,000, and the number of active ingredients had fallen from 

611 to 405, 232 of which were for food uses (CAST 1992). 

FIFRA-1988 also mandated that pesticide re-registrations be prioritized 

according to their risk to food consumers and farm workers and how many test 

requirements are missing.  Pesticide registrants were required to declare whether they 

wanted to pursue re-registration, pay a re-registration fee, make available to the EPA all 

existing test results with potential problems identified, and commit to completing 

additional tests.  If a registrant chose to support the re-registration, then they provided 

the EPA with the necessary material and, in most cases, continue to await a response.   

The EPA is still in the process of reviewing re-registrations.  Once a review is 

completed the agency releases a re-registration eligibility document (RED).  REDs 

explain whether products containing the active ingredient are eligible for re-registration 

or under what conditions they could become eligible.   

The 1988 FIFRA amendments required that every pesticide initially registered 

before 1984 have a completed RED to enable re-registration of all pesticide products by 

1997.  By the end of 1997 the EPA had completed 171 REDs, 231 of the 612 active 

ingredients registered in 1988 had been cancelled, and 210 REDs remained to be 
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completed (EPA OPP 1998b).  Of the approximately 5,500 pesticide products that are 

produced from the active ingredients in the re-registration process, 923 had been re-

registered by the end of 1997, approximately 2,000 had been cancelled or voluntarily 

suspended by firms, and 2,500 were awaiting re-registration (EPA OPP 1998b). 

The 1996 FQPA extended the deadline for re-registration to 2002.  The act also 

established that all active ingredients must be re-registered 15 years from their initial 

registration or their last re-registration.  The EPA is in the process of writing the 

specific requirements for this periodic re-registration system.  The most important issue 

is whether all tests will have to be repeated every 15 years, and if not, how to determine 

which tests must be repeated (BNA 1999). 

 

2.2.5 Special Review and Cancellation 

The EPA initiates the special review process when information becomes 

available that a pesticide in one or all its crop sites may not meet current registration 

standards.  This may occur because the standards have been raised or because a 

previously unknown risk comes to light.  The special review process is often triggered 

by new data produced during re-registration of older pesticides.  During the special 

review process the EPA evaluates the risks and benefits of each of the pesticide’s crop 

sites to determine which, if any, should be cancelled.  The EPA considers public 

comments in making special review decisions (EPA OPP 1995).  Depending on the 

risks and benefits, the EPA may choose to cancel, suspend temporarily, continue with 
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greater restrictions, or continue without restrictions the pesticide registrations (Cropper 

et al. 1992). 

The special review process is costly for pesticide registrants.  Usually they must 

produce new safety test data.  They also know that the EPA initiates a special review 

because the agency believes that the pesticide is dangerous and that it should probably 

be restricted.  Often firms anticipate the likely cost and outcome of a special review and 

voluntarily withdraw their registration before the special review process is completed. 

 

2.3 Description of Firm Registration Decisions 

2.3.1 New Pesticide Innovation and Registration 

There is an extended series of decisions that firms must make before a product 

becomes available for a particular crop site.  Years ahead of the registration, research 

priorities are made based on forecasts of what types of pesticides will be important in 

the distant future.  Researchers test promising chemicals in the lab and in small field 

trials for their usefulness in controlling pests of all sorts and their safety to applicators, 

food consumers, and the environment (Ollinger and Fernandez-Cornejo 1995).  As that 

research provides new active ingredients or formulations, product development teams 

select the ones that are effective against pests while relatively safe to crops, humans, 

and the environment.  They also provide a list of sites where the chemical will have 

good control of pests.  Each of these combinations of a chemical, a crop, and a pest (or 

group of pests) is a potential label.  The researchers also provide information about 

possible liability risks from target or nearby crop damage.  They also make evaluations 
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of what tolerance and reference dose limitations will be binding on the formulation in 

its recommended use-pattern. 

The marketing team takes the list of potential labels and estimates sales on each 

of the crops.  They estimate how many acres are affected by the pest and what 

percentage of the market the product can capture from competitors.  Estimated market 

share will depend to a great extent on the restrictions on the use-pattern that researchers 

expect to have on the product label to satisfy EPA safety requirements.  A dangerous 

pesticide will require extensive application requirements and longer pre-harvest 

intervals, which will reduce sales.  The estimate will also depend on how quickly the 

pesticide can be registered and how many years of patent protection will remain to 

recoup the investment (Ollinger and Fernandez-Cornejo 1995).  The result is an acreage 

potential which, with application information (e.g., recommended pounds per acre, 

number of applications per year, price per pound), translates into a revenue estimate.   

The spectrum of pests controlled by a pesticide is an important determinant of 

its revenue potential.  A pesticide that controls a broad range of pests is valuable 

because it can cover many pest combinations in a single pass of application equipment.  

At the other extreme, a pesticide that is highly targeted is also valuable.  A selective 

insecticide controls a particular insect pest without damaging beneficial insects.  A 

selective herbicide can be used on or near a wide variety of crops because it only 

damages a particular weed. 

Pesticide persistence is also an important determinant of pesticide revenue.  

Pesticides that are persistent offer sustained control without the need for reapplication.  
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But persistent pesticides are more highly restricted by the EPA and less appealing to 

farmers.  Because they may remain longer on the crop and in the environment, 

increasing exposure to food consumers, the environment, and other crops. 

Registration decisions also depend on which firm is making them.  Individual 

firms and individual product managers within firms know certain crop markets better 

than others.  The decision of which markets to ‘know’ is a form of early investment that 

will affect firm cost of registering for particular crop markets.  For this reason firms 

often license their patented active ingredients to other firms that know a market better 

and have the marketing infrastructure in place.  

The marketing team will consider the amount of financial risk of each potential 

registration, preferring those with better data and therefore a better chance of being 

approved.  Better known products also have less, or at least better understood, liability 

risk.  Firms might also consider issues such as how the crop-site will affect the 

company’s position in a particularly competitive market, or how it complements their 

portfolio of products.  These decisions narrow and prioritize the list of projects.   

The firm’s registration team also estimates the cost of registration for each site.  

This cost will depend primarily on what requirements must be met, for example 

whether reference doses and tolerances exist already or must be completed.  As 

discussed previously, the order in which similar crop sites are registered will affect each 

one’s cost of registration.  Registration cost depends as well on predictable and 

unpredictable variation in EPA stringency.  Increased knowledge of risks and ability to 
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test for them has increased testing requirements.  But also, the EPA’s attempts to 

streamline the registration process may have reduced the cost of registration over time. 

A product’s expected returns are then balanced against expected registration 

cost.  The highest return per dollar of registration-cost usually comes from major field 

crops such as corn or soybeans.  Registrants will usually try to rush their product into 

those markets to recoup as much of their investment in the chemical as quickly as 

possible (Carlson 1989).  Firms often seek a nonfood registration because they require 

less data and can be completed faster.  Rapid registrations provide the company with 

reviews of the quality of the data they are developing. 

Prioritization also depends on how each project will contribute to the expected 

reference dose of consumers.  Two sites may have similar return but one uses up a 

larger chunk of the dietary burden, making it a less appealing crop site.  In effect, 

projects can be prioritized by returns per unit of the reference dose used. 

A firm’s list of registration projects are undertaken in order of expected net 

return until the cost of the marginal project exceeds its expected revenue.  Because 

firms have limited testing facilities, at some point testing costs begin to rise at an 

increasing rate as multiple registration applications are undertaken simultaneously.  The 

most lucrative projects are undertaken first and others are delayed or licensed to other 

firms that have spare resources. 

Different formulations or concentrations of active ingredients must be registered 

as separate products (with separate labels) because their risk characteristics differ.  

Sometimes identical formulations will also be laeled separately to tailor the product to a 
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particular crop market.  For example, firms may want to establish a particular product 

identity with a separate brand name or packaging.   

The firm may also seek a separate product label to be able to price it differently 

from labels that already exist.  Whether the firm is pricing differently to cover costs or 

to gain monopoly rents is a subject of much debate.  Firms assert that this is done either 

to recapture the cost of registering the product on the crop or to cover the higher 

liability risk of a particular crop.  Typically the controversy appears in crops grown on 

relatively few acres, providing little opportunity for the firm to make up these costs 

with large quantities sold.   

The class of pesticide under consideration may also have an effect on 

registration strategy.  Herbicides are used in great quantities by very widely grown field 

crops.  A pesticide firm can gain enormous sales of their pesticide with only one such 

registration.  Other pesticides, such as insecticides and especially fungicides, are not 

used as intensively in those large markets.  In order to have large amount of sales, firms 

must register their insecticides and fungicides for many more crops (Feulner 1995). 

The cost of pesticide development and initial registration is likely to mean that 

firms invest their research and development funds toward development  and registration 

of pesticides targeted at large crops and major pests.  This may not be a problem if 

minor crops share the same pests, and firms add those crops to their labels.  But if pests 

differ, or if firms overlook minor markets, then minor crops may lack needed 

pesticides. 
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2.3.2 Registration-Maintenance and Re-registration 

As a result of the 1988 FIFRA amendments, firms are required to pay the EPA 

annual maintenance fees for every registered pesticide product.  State regulators also 

require payment of annual fees before a pesticide may be sold in their state.  These fees 

dissuade firms from maintaining products with low sales. 

Maintaining registrations is also dissuaded by potential liability.  Firms are 

sometimes held liable when their pesticides fail to protect a crop or when the chemicals 

damage a crop.  Some crops may not return enough revenue to justify exposure to 

potential liability claims.  Minor crops, in particular, often have high per-acre value, 

leading to higher liability claims.  If a pesticide fails to protect an acre of wheat, the 

financial loss may not be large, but if a product fails to protect an acre of certain fruits, 

vegetables, or ornamental crops, the result can be a substantial loss, especially in 

comparison to the value of the pesticide sold. 

Re-registration requirements also add to the cost of maintaining registrations.  

Currently all pesticides must be re-registered within 15 years of their original 

registration date.  The re-registration process can include substantial testing 

requirements.  The EPA also charges re-registration.   

The combination of maintenance fees, liability potential, and re-registration 

requirements causes firms to withdraw pesticide registrations that do not earn adequate 

revenues to cover these costs.  Such withdrawals may occur even if a pesticide is 

perfectly safe in its registered use.  These withdrawals may severely limit the pest 
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control opportunities available to minor crops because those crops often do not provide 

adequate revenues for pesticide firms to cover registration and maintenance costs. 

 

2.4 Registrants other than Pesticide Firms 

Most pesticides are registered by pesticide firms seeking to profit from the 

stream of revenues they gain from selling the pesticides in a crop-pesticide market.  But 

some are obtained by, or with the help of, other groups, especially in crop markets 

where revenues are unlikely to be large.   

Registrations are subsidized by the Interregional Project No. 4 (IR-4).  IR-4 is a 

USDA-funded member of the State Agricultural Experiment Station Regional Research 

program.  The IR-4 program was created to use public money, researchers, and 

facilities to produce registration data for pesticide registrations for minor crops and 

minor uses.   

The IR-4 program supports minor registrations and re-registrations that program 

managers believe industry alone would not complete.  IR-4 receives suggested 

registration or re-registration projects from state departments of agriculture or grower 

groups.  IR-4 submits a list of projects to the EPA to obtain an evaluation of the 

research requirements that will be necessary to obtain the registration or re-registration.  

IR-4 uses that information, along with estimates of the benefits of potential 

registrations, to prioritize projects, then undertakes them subject to funding constraints.   

Once IR-4 researchers complete the required analysis, they submit a report to a 

pesticide firm.  If the firm accepts the results and agrees to add the crop to their label or 
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to create a new product, then IR-4 and the firm submit the registration application to 

EPA.  If the application is approved then the pesticide firm sells the pesticide to the 

minor crop farmers (GAO 1992). 

The IR-4 program is not the only alternative registrant.  Crop grower groups or 

other farm advocates sometimes undertake what are called third party registrations.  

Typically this process has been undertaken in cooperation with a pesticide firm, not to 

lessen the registration cost to the firm, but to remove product liability responsibilities 

from the firm (Baron et al. 1990; Cast 1992).  Grower groups do not typically have the 

funds necessary to undertake pesticide-testing requirements, but by putting the 

registration in the grower group’s name, the manufacturer avoids liability expenses that 

may have dissuaded the firm from undertaking or maintaining the registration.   

These alternative registrants are cited by the EPA as ways to reduce the impact 

of registration requirements on minor crops.  Crops that have grower groups that 

undertake third-party registrations, or successfully lobby the IR-4 program to do so, 

may overcome market and regulatory biases against them. 
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3. IMPORTANCE OF PESTICIDE AVAILABILITY AND PAST STUDIES OF 

PESTICIDE INNOVATION AND CANCELLATION 

 

The economic literature on pesticides is extensive, but very little of it is related 

to crop-specific pesticide registrations as discussed here.  Much has been written about 

optimal pesticide application, and some of that material is used here to demonstrate the 

benefits to farmers of having a larger number of registered pesticides available.  There 

have also been papers related to the impact of EPA regulations on pesticide innovation.  

Those papers are discussed here because EPA regulation is likely to have a similar 

impact on the subsequent crop-specific registrations.  Voluntary market exits have not 

been studied, but EPA pesticide cancellations were analyzed in a very important paper 

by Cropper et al. (1992).  Those authors explained EPA cancellation decisions with 

pesticide, crop, and political variables.  This dissertation uses a similar methodology 

but applies it to firm decisions to add, maintain, or withdraw pesticide registrations for 

particular crops. 

 

3.1 Benefits of Pesticide Availability 

It is not immediately evident why having more pesticides available is 

necessarily better.  For example, farmers of a crop with three well-chosen insecticides 

could have as good or better control of their insect problems as farmers of a crop with 

seven less effective ones.  The additional pesticides may simply be redundant options 

competing for market share.  While such cases are possible, several factors described in 
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the pesticide literature stress the importance of having a larger number of pesticide 

options.  Because of varying pest, crop, and chemical characteristics, even if all 

available pesticides had equal effectiveness against a given pest problem, having more 

is still beneficial to farm productivity.  The advantages result from chemical 

interactions, pest variability through time and across regions, pest-pest and pest-non-

pest interactions, and pest resistance to pesticides.  

Having multiple pesticide options is important because pesticides are often 

complements.  Pesticides can have synergistic effects, meaning the combination has a 

total effectiveness greater than the sum of each one pesticide applied independently 

(Meister 1996).  Multiple pesticides also provide multiple paths of attack against a 

given pest.  Multiple pesticides enable farmers to find a mix of pesticides that can 

control a collection of pests that appear at once.   

Farmers with many pesticide options can overcome problems of pesticide 

incompatibility (Meister 1996).  As pesticide labels often warn, many pesticides cannot 

be mixed or applied to crops at the same time.  When combined, chemical properties 

may change making them difficult or impossible to apply, altering their effectiveness, 

or making them more dangerous to applicators, food consumers, or the environment.  

When only a few pesticides are available the chemicals needed to control a certain 

combination of pests may not be compatible.  More pesticide options enable farmers to 

find the combination of pesticides that best meets their needs and that can be applied in 

one application (optimally in a formulation that can be broadcast in a single pass of 

application equipment). 
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Additional pesticide options also enable farmers to take advantage of pesticide 

selectivity.  Selective pesticides are those that control a particular pest without 

damaging other plants or insects.  Having a variety of selective pesticides available 

enables farmers to customize their pesticide mix for the exact combination of pests and 

their various stages of development (Kazmierczak et al. 1993).  With well-targeted 

pesticides, farmers can often apply fewer pesticides in total, and less of each individual 

pesticide than what they would need if they had to rely on a single broad-spectrum 

pesticide.  This can reduce pest control costs and risk to people and the environment 

(Osteen and Kuchler 1987).  

Having pesticide options helps control the variability of farm output over time 

(CAST 1981; Carlson 1977).  Pest problems can change through time because of 

changing weather, for example, requiring farmers to make rapid changes in pesticide 

usage, decisions that cannot wait on the registration process (Glen 1987).  Having a 

range of pesticide options also matters when a pesticide is removed from the market.  

The availability of a variety of pesticides reduces dependence on any one of them 

(Zilberman et al. 1991).  Adequate selection of good quality alternatives can also 

prevent farmers from turning to less safe alternatives when the most commonly used 

pesticide is no longer available (Osteen and Kuchler 1987).   

Because pests vary by region, more available pesticide options make production 

possible in a greater variety of locations (CAST 1992).  Declines in the availability of 

pesticides to farmers can affect the distribution of production, benefiting farmers who 

do not need the pesticide at the expense of those who do (Zilberman et al. 1991). 
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Having pesticide options allows production in a greater variety of cropping 

situations.  Under some conditions pesticides can harm crops (Lichtenberg and 

Zilberman 1986).  For example, some pesticides may harm a crop if applied under dry 

conditions.  Pesticides may also present a risk to other nearby crops because of spray 

drift or movement of pesticides through water, soil, or air (Carlson 1989).   

Interactions between pests and between pests and beneficial species complicate 

pesticide application strategies enormously (Glen 1987).  Much research has been 

conducted on how to design optimal pesticide application strategies when pests interact. 

Control of one pest can allow a secondary, previously irrelevant pest to fill the niche 

left by the controlled pest (Harper and Zilberman 1989; Kazmierczak et al. 1993).  

Alternatively, various authors have discussed how a chemical that kills pest A may also 

kill beneficial organism B, allowing pest C, previously controlled by B, to become a 

problem (Harper and Zilberman 1989; Kazmierczak et al. 1993).  These complex 

relationships among pests make it necessary for farmers to have a wide selection of 

pesticides that can control different, often unanticipated, combinations of pests.  They 

also demonstrate the need for narrowly targeted pesticides that can attack pests while 

preserving beneficial organisms.   

When farmers of a crop have only a few pesticides available, opportunities 

decline to reduce overall pesticide risk through integrated pest management (IPM) 

(CAST 1992).  IPM requires highly selective active ingredients that can target 

particular pests (Harper and Zilberman 1989; Kazmierczak et al. 1993; Ware 1994; 

CAST 1981; ACPA 1999b).  Often one highly selective insecticide only becomes 
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economically viable for controlling a pest if it is used in conjunction with another 

pesticide to control another pest that occurs at the same time and place.  The highly 

selective pesticides valuable for IPM are less likely to be available in a market where 

only a few active ingredients are registered.  There is less opportunity to recover the 

registration cost with a pesticide that controls a highly selective pest problem. 

Finally, having more pesticide options enables farmers to forestall resistance 

development in pests (Hueth and Regev 1974; Lazarus and Dixon 1984; Miranowski 

and Carlson 1986; Glen 1987; CAST 1992; ACPA 1999b).  Over-reliance on one or a 

few active ingredients creates a natural selection process that accelerates development 

of resistance in pests (Hueth and Regev 1974; Regev, Shalit, and Gutierrez 1983).  As 

time passes, greater amounts of a pesticide are required to sustain the same level of crop 

protection (Lichtenberg and Zilberman 1986).  At some point, the application rate 

necessary to control the pest will exceed what is economically or legally acceptable and 

the pesticide will no longer be a viable alternative.  To forestall that from occurring, 

farmers may be forced to use too little of a pesticide in any one season to preserve 

susceptibility for the future, sacrificing current control for the future (Regev, Shalit, and 

Gutierrez 1983; Carlson 1977).  Pesticide firms may refuse to sell their pesticides in 

certain markets to preserve susceptibility for other crops or for the future (Miranowski 

and Carlson 1986).  

Resistance is best controlled when farmers have a variety of pest control 

methods that include multiple chemical agents that differ in their mechanism of toxic 

action (Mangel and Plant 1983; CAST 1992; Ware 1994; Hueth and Regev 1974; 
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Kazmierczak et al. 1993).  With only a small number of pesticides available, each 

additional one adds significantly to pest control because, as well as its own added 

productivity, the new chemical may increase the productivity of exiting chemicals 

through synergetic effects and by forestalling resistance development (Regev, Shalit, 

and Gutierrez 1983).  As the number of pesticides available declines, the importance of 

each one increases.  Osteen and Kuchler (1987) demonstrated that as pesticides are lost, 

the marginal impact of each subsequent loss on productivity rises dramatically.  Once 

resistance or cancellation occurs, the impact is mitigated by the availability of 

alternatives (Miranowski and Carlson 1986).  Farmers benefit from being able to switch 

rapidly from an ineffective or cancelled pesticide to an alternative of equal pest control 

effectiveness. 

To summarize, the nature of pests, pesticides, and pesticide regulation make 

pesticide redundancy desirable to farmers.  Three well-chosen pesticides could, in 

special cases in the short run, be more effective at controlling pests than seven less 

effective ones.  But in the long run, with the reality of pesticide resistance, EPA 

cancellations, changing pest problems, and interactions among pests and chemicals, 

having more pesticide options is certainly beneficial.  In addition, given the expense of 

maintaining pesticide registrations, the possibility of having a broad selection of 

ineffective pesticides is unlikely.  Farmers will not purchase an input that is not 

productive and pesticide firms will not maintain registrations that do not earn revenues.  

Farmers of a crop with a larger number of available pesticides are better off than they 

would be with fewer. 
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Considering the value of having more pesticide options, it is important that EPA 

restriction of unsafe pesticides does not prevent safe ones from becoming available.  

The EPA may prevent safe pesticides from becoming available through its impact on 

innovation, through its cancellation decisions, and through its crop-specific registration 

standards.  These possibilities are considered in turn in the following sections. 

 

3.2 Impact of EPA Registration Standards on Pesticide Innovation 

There are two reasons to discuss previous research concerning pesticide 

innovation.  First, these papers demonstrate that despite the substantial revenues firms 

earn from selling their pesticides, EPA registration requirements do affect the number 

and characteristics of pesticides that are developed.  This suggests that the agency can 

also affect the number and characteristics of crop-specific registrations of pesticides.  

Second, there is evidence that EPA registration requirements have caused pesticide 

firms to target new pesticide innovations for major pest problems faced by a few large 

crops.  It is therefore all the more important to find out whether existing pesticides are 

disseminated to minor crops, because those crops are rarely going to have new 

pesticides designed specifically for them. 

EPA regulation of pesticide innovations is intended to prevent firms from 

marketing unsafe pesticides and to create an incentive for firms to search for safer 

pesticides.  The EPA, while acknowledging that demonstrating safety is costly, stresses 

that the number of new pesticide active ingredients registered recently has increased 

(Figure 3.1) (EPA OPP 2000).  Others suggest that the cost of demonstrating safety 
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causes a decline in pesticide innovations across the board no matter their level of safety, 

especially compared to the rate of innovation before the EPA appeared (CAST 1981; 

Evans 1990; Fernandez-Cornejo, Jans, and Smith 1998; Hatch 1982; Ollinger and 

Fernandez-Cornejo 1995).  Furthermore, the need to develop pesticides that earn 

revenues large enough to pay for safety testing may induce firms to search for 

pesticides that sell well rather then pesticides that are necessarily safer.   

 

Figure 3.1—Number of new pesticide active ingredients registered by year 
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Source: EPA OPP 2000. 
Notes: Includes all types of active ingredients, not only herbicides and insecticides. 

 

EPA pesticide regulation has increased dramatically the cost of developing new 

pesticides (National Research Council 1987; Ollinger and Fernandez-Cornejo 1995; 

Unnevehr, Pingali, and Zilberman 1997).  The USDA estimates that the average cost of 

developing a new active ingredient rose from $16 to $43 million between 1972 and 

1987 (constant 1982 dollars) (Ollinger and Fernandez-Cornejo 1995).  In 1995, 

Ollinger and Fernandez-Cornejo estimated that it took 11 years and $50-70 million to 
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bring a new chemical pesticide to market.  Although some of this increase may have 

occurred because it is more difficult to find new pesticides, and some of the safety 

testing would have occurred whether EPA existed or not, a good share resulted from 

increased EPA safety testing requirements.  Ollinger and Fernandez-Cornejo (1995) 

estimate that the share of new pesticide research expenditure used for health and 

environmental testing rose from an average of 15 percent to an average of 25 percent 

over the same period.   

As the cost of safety testing has increased, the number of new pesticides 

introduced has declined.  Hatch (1982) found that a change in EPA registration 

requirements that causes a 10 percent increase in the time it takes to introduce a 

pesticide in a crop market causes a 7 to 9 percent decrease in the number of new 

pesticide products registered.  Ollinger and Fernandez-Cornejo (1995) found that a 10 

percent increase in the cost of testing decreases the number of innovations by 

2.7 percent.  After broadening the definition of testing costs to include final crop 

registration and re-registration expenses, the authors found that each 10 percent 

increase in all testing costs resulted in a 4.5 percent decline in new pesticide 

registrations.   

EPA pesticide regulation reduces the revenue firms can earn from their new 

pesticides (Carlson 1989; NACA 1986; National Research Council 1987).  This is 

because the amount of time it takes to demonstrate safety to the EPA reduces the 

number of years the registrant will be able to sell the pesticide under patent.  Also, EPA 

rules cause firms to put restrictions on pesticide labels that limit the uses and the 
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effectiveness of pesticide products, reducing their revenue potential.  Firms are likely to 

anticipate these diminished revenues and forego innovations that they believe will not 

earn enough to cover the cost of development.   

EPA regulation may also affect industry structure, which in turn may affect 

innovation rates.  Ollinger and Fernandez-Cornejo (1995) found that during the 1970s 

and 1980s the high cost of innovation caused the number of firms to decline and the 

average firm size to increase.  Large firms are believed to be less likely to develop 

pesticides for small markets because of the relatively small profit opportunities in those 

markets.  More recently, industry analysts offered supporting evidence when they found 

that large firms continue to dominate the synthetic chemical market, while small firms 

produce most of the biological pesticides that, although often safer, have limited 

revenue potential (Aubrey 1999). 

The decline in innovation rates may affect some crops more than others (Hatch 

1982; Ollinger, Aspelin, and Shields 1994; CAST 1981, 1992; Ollinger and Fernandez-

Cornejo 1995).  According to Ollinger and Fernandez-Cornejo (1995) the total number 

of new pesticide registrations for minor crops declined by 76 percent between 1972-76 

and 1985-89.  Table 3.1 shows the distribution of that decline across different types of 

crops.  The average number of innovations for any crop appears to have fallen slightly, 

although the trend is unclear because of a decline and then rise in the middle periods.  

The average number of new pesticides that had a major field crop on the initial label 

fell only slightly, from 4.2 to 3.4, between 1972-76 and 1985-89.  Meanwhile, the 

average number of new pesticides that had a minor field crop, a vegetable crop, or a 
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fruit and nut crop on their initial labels fell substantially.  These data show that the rate 

of innovation of crop pesticides has declined, and that the bulk of the impact of that 

decline has fallen on minor crops. 

 

Table 3.1—Average annual number of new pesticide active ingredients registered that 
had at least one crop from each group on its initial labels 

 Crop Group 

Period Any Crop 
Major Field 

Crops (5) 
Minor Field 
Crops (19) 

Vegetable 
Crops (46) 

Fruit and Nut 
Crops (70) 

1972-76 9.2 4.2 5.8 5.8 6.6 

1977-81 4.8 2.6 2.0 4.2 3.4 

1980-84 7.2 3.2 1.6 2.6 3.2 

1985-89 6 3.4 2.4 1.4 1.6 

Source: Calculated from data presented in Table 3 of Ollinger and Fernandez-Cornejo 1995. 
Note: The number in parentheses for each crop group is a count of the number of crops in that group.  

The ‘any crop’ group includes ornamental as well as food crops. 
A single new active ingredient that is initially registered for more than one crop in a single 
group is only counted once for that group. 

 

Ollinger, Aspelin, and Shields (1994) found that as registration costs have 

increased, firms have changed their research priorities to target their new products for 

larger crop markets.  Firms abandoned potential pesticides that would have been 

registered for smaller markets.  They found that a 10 percent increase in new pesticide 

regulatory costs caused a 14 percent increase in the size of the crop markets in which 

new pesticides were registered. 

Researchers disagree as to whether the changes in number and characteristics of 

new registrations are accompanied by an increase in the safety of pesticides available.  

Ollinger, Aspelin, and Shields (1994) found that increased registration costs did result 
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in safer pesticide innovations.  Ollinger and Fernandez-Cornejo (1998) found that over 

the 1972-1989 period, a 10 percent increase in regulatory costs caused a 5 percent 

decrease in the number of new pesticides that had high toxicity ratings.  But there is no 

way of knowing whether these new innovations are safer than those that would have 

been developed without the EPA or with a more effective EPA.   

Regulation may also affect the safety of new pesticides in unintended ways.  If 

regulation causes firms to develop fewer pesticides, firms may maximize the revenues 

from each one by concentrating on broad-spectrum pesticides that can be registered for 

many crops (CAST 1981).  But broad-spectrum pesticides are considered less safe 

(especially for beneficial insects and non-weed plants) than highly selective ones that 

may be developed by a less regulated industry (Green, Hartley, and West 1977).   

This does not necessarily have to be the case if the EPA imposes lower 

registration costs on pesticides that control selective pests (Ollinger and Fernandez-

Cornejo 1995; Fuglie et al. 1996).  The increase in the number of biotech products 

developed recently may be evidence of this.  But a pesticide industry representative 

recently estimated that it took 5 years to bring to market a new synthetic chemical 

pesticide, while it took about 8 years to develop a new biological pesticide product 

(Aubrey 1999).  If biological pesticides are safer than synthetic chemicals then more 

may need to be done to encourage their development. 

Finally, perhaps the most important reason stringent regulation of new 

pesticides may not necessarily increase safety is that, if fewer pesticides are being 

developed, especially for minor markets, then farmers may be left with only older, less 
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safe ones.  Without other options the EPA may not be able to cancel existing pesticides 

no matter what their level of safety.  And farmers may be applying the older pesticides 

in greater concentrations because pests have become resistant to them.   

 

3.3 EPA Cancellation Decisions 

The EPA special review process, with which the agency can remove pesticides 

from the market, has received a great deal of attention.  Zilberman et al. (1991) call it 

the “principal regulatory device used in the United States” to control pesticide use.  But 

considering that an average of only four special reviews are initiated in a given year 

(Figure 3.2), and even fewer result in complete cancellation, it is unlikely that they have 

as large and impact on farm productivity as the much more frequent firm decisions to 

voluntarily withdraw pesticides from particular crop markets.  Despite this, special 

reviews deserve attention because they have the same impact on farmers as voluntary 

withdrawals and, unlike voluntary withdrawals, they have been studied in the past. 

EPA pesticide cancellations receive attention because they are direct takings of 

farm pest-control opportunities and firm pesticide sales (Lichtenberg 1992).  The 

immediate impact on farmers is well identified, as made clear by the wealth of 

anecdotal evidence of lost farm productivity provided by organizations such as the 

Minor Crop Farmer’s Alliance (MCFA 1992).  What is not so clear is whether the 

impact over time is as serious as claimed. 
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Figure 3.2—Number of special review cases  
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Source: EPA OPP 1998c. 
Notes: Number of special reviews for pesticides of any kind, not only herbicides and insecticides.  The 

year given is when a special review case is first announced in the Federal Register.  Cases 
resulting in voluntarily withdrawal before the special review was formally announced are 
attributed to the withdrawal date. 

 

The full impact of pesticide cancellations on farm income depends on several 

factors.  Farmers who can switch from an activity that depends on the pesticide to an 

equally lucrative one that does not will be less severely affected (Lazarus and Dixon 

1984).  If demand is inelastic, farmers who do not rely on the cancelled pesticide may 

benefit from a cancellation that eliminates competing producers (Osteen and Kuchler 

1987; Sagarra et al. 1996).  Most importantly, the impact will depend on whether 

alternative pesticides that can control the same pest are available or can rapidly become 

available (Bailey et al. 1991; Kazmierczak et al. 1993; Phillips and Gianessi 1998).  

Again, this emphasizes the importance of understanding what determines crop-specific 

pesticide registration outcomes. 

The EPA initiates its special review process when information becomes 

available that indicates that a pesticide in general, or in a particular use, does not satisfy 

current safety standards (EPA OPP 1998c).  The EPA begins the special review process 
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by contacting firms that produce the pesticide and informing them of the agency’s 

concerns.  Firms may provide evidence that causes the agency to determine that the 

pesticide is safe in its current use.  The EPA will then tentatively end the special review 

before it formally begins and announce that conclusion in the Federal Register.  Firms 

may also choose to withdraw the pesticide voluntarily which will end the need for the 

special review without an announcement in the Federal Register. 

If the EPA believes the pesticide is unsafe and the firm does not withdraw it, 

then the special review begins with an announcement in the Federal Register.  At that 

point the EPA conducts a risk-benefit analysis of the pesticide in its registered uses with 

the help of the USDA’s National Agriculture Pesticide Impact Assessment Program 

(NAPIAP).  The EPA uses this information, as well as public comments, to determine 

whether to retain, restrict, suspend temporarily, or cancel the pesticide in its relevant 

uses. 

Benefits and risks are very difficult to quantify.  NAPIAP must estimate 

potential crop losses without the pesticide based on crop pesticide usage and production 

data and knowledge of what alternative pest control methods are available or will 

become available, and their relative effectiveness (Sagarra et al. 1996; Gianessi 1993).  

The EPA must often quantify very unclear chronic health effects that may take many 

years to appear and may have multiple causes.  The agency must consider not only the 

risk associated with the pesticide in its given use, but also the risk associated with 

alternative pesticides that farmers will use (CAST 1981; Osteen and Kuchler 1987; 
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Kazmierczak et al. 1993; Bailey et al. 1991).  The EPA must also determine a value for 

a potential human life lost. 

Cropper et al. (1992) studied pesticide special reviews to determine whether the 

EPA takes costs and benefits into consideration when determining whether to cancel 

pesticide uses.  They tested whether lobbying by interest groups and the political 

affiliation of the administration had an effect on special review decisions.  They tested 

whether there were bright lines, meaning a risk level above which all uses were 

cancelled no matter the benefits, and a risk level below which all uses were retained.  

Finally, they estimated the EPA’s underlying valuation of a life as reflected in their risk 

benefit decisions. 

The authors assembled a data set of the 245 pesticide products formulated from 

37 active ingredients with special review cases that were completed between 1975 and 

1989.  They collected risk, benefit, and lobbying indicators from the public records 

associated with each special review.  They first tested whether bright lines are apparent 

in the data.  They then used a probit model to explain whether pesticide products were 

cancelled as a function of each product’s associated risks, benefits, and lobbying. 

Cropper et al. found that there was no statistical evidence that bright lines 

existed in the cancellation decisions they studied.  The EPA considers risks and benefits 

at all levels of risk.  Cropper et al. found that the probability that a pesticide product is 

cancelled increases as the risk to farm workers and food consumers increases, but is not 

related to risk to pesticide mixers.  The size of the statistically significant effects 

differed.  Risk to farm workers had a much larger impact on probability of cancellation 
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than did risk to food consumers.  The estimated valuation of a cancer death of a farm 

worker was $35  million while that of a food consumer was $60,000.  The authors 

explain that this result may reflect the fact that risk to farm workers is much greater, 

and that decision-makers may discount food residue risk because it is commonly 

believed to be exaggerated.   

The authors found that pesticide benefits had an effect on probability of 

cancellation that was both statistically and economically significant.  A $1 million 

increase in benefits to farmers caused the probability of cancellation to decrease by 

about 1 percentage point. 

The authors found that comments by environmental groups had a statistically 

significant and large positive effect on the probability of cancellation.  Comments by 

grower groups or academics had statistically significant negative effects on the 

probability of cancellation. 

The Cropper et al. paper demonstrates that the EPA balances benefits and risks 

and that the agency responds to lobbying by interested parties.  More importantly for 

this research, the authors demonstrate that pesticide registration decisions are the result 

of an optimization process by decision-makers, not simply a yes-no decision based on 

fixed safety standards.   

The model that is presented in Chapter 4 applies the same logic to a broader set 

of registration decisions.  The existence of pesticide registrations, entry of new 

registrations, and withdrawal of existing registrations are all modeled as a firm 

optimization process.  The firm weighs revenues against the cost of convincing the EPA 
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that the registration is safe.  Costs include testing and lobbying expenses and foregone 

revenues caused by having to put safety restrictions on pesticide products.  All 

combinations of pesticides and crops are potential registrations, but some are more 

expensive to obtain because they require that the firm expend more resources to 

demonstrate safety. 

This conception of the registration system is reinforced by Cropper and her co-

authors’ finding that the probability of a cancellation declines as firms increase the 

number of comments directed at the EPA.  Firms can cause the EPA to approve their 

products.  An important innovation in this dissertation is that attention is focused on the 

firm rather than the EPA.  Firms determine whether pesticides are registered, subject to 

EPA’s registration standards.  That allows the model to cover not only pesticide 

cancellation, which firms can defend by expending resources, but also registration entry 

and maintenance.   

 

3.4 Conclusions and Implications for this Research 

Most past research has focused on the effect of regulation on research 

investment and the number of new pesticides developed and registered for the first 

time.  Pesticide cancellations have also received attention.  But on average fewer than 

20 new active ingredients are registered each year (Figure 3.1), and fewer than 4 

undergo special review by the EPA (Figure 3.2).  Neither process has as great an effect 

on the selection available to particular farmers as do the multitude of rules that affect 
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firm decisions to add, maintain, and withdraw crops from the labels of existing 

pesticides.   

Pesticide firms decide which crops to add to or to maintain on their labels based 

on how profitable their pesticide will be in a particular crop market.  Profitability 

depends on the cost of a registration and on the revenue potential that a pesticide has 

once it has been modified to satisfy EPA registration requirements.  Adding a crop to a 

pesticide label is not extremely expensive.  In 1992 it was estimated to cost between 

$100,000 and $150,000 to add a crop to an existing label (GAO 1992).  But the 

modifications required to enable a pesticide to enter a market often have a much higher 

cost in terms of revenue foregone.  Maintaining a pesticide on a label can be 

inexpensive in some years and very expensive in others, such as when re-registration is 

required or a special review occurs. 

EPA registration standards cause firms to add use-pattern restrictions such as 

limits on active ingredient concentration, the number of applications per season, and the 

pre-harvest interval.  These restrictions limit the pesticide’s productivity and therefore 

how much farmers are willing to pay and what quantity they will buy.  Firms often pass 

up markets, or drop registrations in markets where stringent safety standards reduce the 

revenue potential of their pesticide.  EPA’s detailed registration requirements are 

therefore very important determinants of which pesticides are finally registered for 

particular crop markets (Lichtenberg 1992). 

If the EPA applies its registration requirements effectively, then the agency will 

be able to promote dissemination of the safest, and most effective pesticides to their 
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most important uses.  But a less effective EPA, one that does not adjust its regulations 

in response to new technological opportunities, may be blocking dissemination of the 

best new technologies (Zilberman and Millock 1997).   

A great deal of the impact of ineffective regulation is likely to fall on minor 

crops.  As shown in Table 3.1, the number of pesticides developed specifically for 

minor crops has declined.  But that decline does not necessarily indicate that minor 

crops do not have access to pesticides.  If the pesticides are suitable, and the minor 

crops are rapidly added to the labels, then minor crops may benefit from as many 

pesticides as major crops.  They will gain use of pesticides developed for larger crops 

when firms add them to their product labels.  But if regulatory costs are not flexible, 

then their impact will show up most clearly on minor crops. 

The rate at which new innovations trickle down from large markets to smaller 

market value crops will not only determine opportunities for farmers to increase 

productivity, but also the impact on those farmers of events that take their existing 

pesticides away from them.  Rapid registration of new pesticides can alleviate the 

effects of an EPA ban of an existing pesticide (Sagarra et al. 1996; Gianessi 1993; 

Bailey et al. 1991; Zilberman et al. 1991).  It can also reduce the impact of 

pest-resistance development to an existing pesticide.  In some cases a new pesticide 

registered following pesticide cancellation or resistance development can be more 

effective than the old one and farmers will experience a gain. 

The next chapter presents a model of registration decisions made by pesticide 

firms facing EPA registration requirements.  If the EPA sets registration requirements 



64 

effectively, then the registration decisions firms make should reflect the agency’s goals 

of ensuring safety without imposing undue costs on farmers. 
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4. A MODEL OF PESTICIDE REGISTRATION 

 

This chapter presents a model of pesticide registration outcomes.  Registration 

outcomes are the observable results of pesticide firm decisions to add, maintain, or 

withdraw pesticide registrations for crops.  In the model, firms maximize profits by 

choosing to enter, remain in, or leave crop markets, depending on whether revenues 

from the sale of their pesticide exceed EPA registration or registration-maintenance 

costs.  The EPA sets registration costs by minimizing the number of negative signals 

from people who desire safety and those who desire lower pesticide registration costs.  

The number of signals the EPA receives depends on the crop and pesticide 

characteristics of the registrations that occur, and on political factors.  The chapter 

includes hypotheses about the effects of those characteristics on registration outcomes, 

and expected changes through time. 

 

4.1 Pesticide Firms 

 Pesticide firms look for opportunities to register pesticides for crops to earn 

revenues.  At any one time there is a pool of pesticides available to formulate into 

products to be registered for particular crop markets.  Entry into a crop market enables 

the registrant to earn a stream of revenues, but it requires first that the firm undertake 

the cost of registering the product with the EPA.  After a pesticide is registered for a 

crop the firm continues to evaluate revenues and registration maintenance costs to 

determine whether to remain in the market or to withdraw the pesticide registration.  
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The cost of maintaining a registration changes through time because of periodic or new 

EPA registration maintenance requirements. 

Firms that hold patents on pesticides register them first in the most lucrative 

crop markets, then add more crop sites to their labels until profitable registration 

opportunities are expended.  Patent holders may license other firms to formulate or 

market their pesticides.  Older pesticides without patent protection can be registered 

and sold by any firm.  

Between 1994-95 there were 18 major and 100 minor pesticide firms producing, 

registering, and marketing pesticide products in the United States.  During that time, 

there were also 150-200 major and 2,000 minor formulators that purchased active 

ingredients from producers then formulated them into products which they register and 

market (Aspelin 1997; Ware 1994).  These nearly 2,500 firms are continuously 

searching for profitable combinations of pesticides and crops, providing a high level of 

competition that has two implications for the industry.   

First, with so many firms competing to register pesticides in market niches 

where there is an opportunity to earn more than the cost of registering and selling, it is 

reasonable to assume that all opportunities for profits will be found and exploited.  If a 

pesticide is not registered for a crop, then the combination of that crop and that 

chemical must not be profitable.  Revenues are inadequate to justify the registration 

cost. 

 Second, for modeling purposes, the industry as a whole can be assumed to 

behave as a single profit-maximizing entity registering pesticides wherever profitable, 
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and dropping registrations that fail to earn enough to maintain the registration.  This 

implies that firm-level characteristics, such as research expenditure or firm 

specialization, are not important determinants of whether a registration exists or not.  If 

one firm does not have the financial or marketing capacity to add an otherwise 

profitable site, another firm will.  A representative firm can be used to model the 

behavior of the competitive pesticide industry. 

 To determine which crop markets to enter, or which ones to remain in, the 

representative firm compares expected discounted future product revenues to the cost of 

registration and enters those markets that provide a positive return.  For existing 

registrations, the representative firm employs new information about current and 

anticipated revenues and costs of maintenance and re-registration, and determines 

whether to drop the site or maintain it for another year.   

 The stock of registrations at any one point is equal to the stock in the previous 

period, plus new registrations, minus withdrawals.  New registrations and withdrawals 

occur as the outcomes of comparisons of expected revenues and registration or 

registration-maintenance costs.  If the crop market is profitable for the pesticide then it 

is newly registered or maintained.  If it is not, then a new registration is foregone or the 

existing registration is withdrawn.  Those actions, therefore, reflect profitability of 

pesticides in crop markets.  The stock of registrations at any time, because it includes 

both additions and withdrawals, reflects the profitability of pesticides in crop markets. 

 The anticipated profitability (Πijt) (Equation 4.1) of a site registration is defined 

as the expected, discounted revenue (R) from selling pesticide i in crop market j for 
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period t, minus the current-period’s, share of registration costs and any additional 

registration maintenance costs for period t (C).  Revenue is determined by crop and 

pesticide characteristics (Ωijt) that influence expected revenues minus marketing, 

production, and liability costs.  Revenue is referred to as net revenue because it includes 

production, marketing, and liability costs.  Registration and maintenance costs are 

determined by EPA registration standards (Sijt) that apply to pesticide i for crop j at time 

t. 

 

Πijt = R(Ωijt) – C(Sijt)       (4.1) 

 

 The first order condition for the discrete decision whether or not to enter a 

pesticide market is that net revenues exceed registration costs.  Changes in the 

characteristics that determine revenues and costs will move some combinations of crops 

and pesticides from profitability to losses and visa versa.   

Pesticides that are more effective (define ei as an index that increases in 

efficacy) at controlling pests are more appealing to farmers and thus can be expected to 

earn higher revenues (∂R/∂ei>0).  Similarly, if farmers value safety ( I
is  includes indices 

of safety that are of interest to farmers and therefore internalized in pesticide firm profit 

maximization), as demonstrated by Beach and Carlson (1993) and Hubbell and Carlson 

(1998), then revenues should be higher for safer pesticides ( I
isR ∂∂ / >0).   



69 

Safety and effectiveness of pesticides may be related.  Pesticides that are more 

effective at controlling pests may also be more dangerous to humans (∂sit/∂ei<0).  If a 

safety measurement also reflects an unmeasured aspect of effectiveness, it may have an 

unexpected effect on pesticide revenues.  Farmers may seek pesticides that are less safe 

because they are also more effective.  When farmers compare effectiveness that is 

linked to internalized risks, their demand will reflect their net valuation of safety and 

effectiveness.  When they consider effectiveness that is linked to a safety measurement 

that is not internalized, then they may create an externality by overusing the pesticides.  

In such cases, regulation may be required to internalize the costs associated with the 

pesticide. 

A last point about pesticide effectiveness is that it may be related to pesticide 

age (ait).  Over time pests can build resistance to pesticides.  Some pesticides may be 

labeled to control a certain variety of pests but, because of resistance development, may 

kill more slowly or only with greater application rates.  As age increases, effectiveness 

may decline (∂eit/∂ait<0). 

Two other pesticide characteristics that may influence revenues are scale of 

production (qit) and patent status (pit).  Pesticides produced in great quantities and 

marketed for crops grown throughout the United States are likely to benefit from 

economies of scale in production and marketing (qit is an indicator that increases in the 

scale of production and marketing).  In such cases higher scale of production results in 

higher net revenues (∂R/∂qit>0).  Patent protection (pit is a dummy that is 1 if a patent 
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exists at time t) may enable firms to earn greater revenues because of limited 

competition (∂R/∂pit>0). 

Crop characteristics (Ωijt) also influence the revenue that registrants can expect 

to earn from a registration.  Farmers of each crop have a willingness to pay for pest 

control services (define vjt as a measurement that increases with grower willingness to 

pay for pest damage control).  As the value of the crop farmers would like to protect 

increases, either through time or comparing across crops, revenue is expected to 

increase (∂R/∂vjt>0).   

Crops may also differ in terms of frequency and size of product liability claims 

(define lj to be a measurement of potential liability losses).  As potential liability costs 

rise, expected net revenues decline (∂R/∂lj<0).  Potential liability is proxied by crop 

value per acre. 

Pesticide registration profitability will also depend on registration cost (C).  

Pesticide registration costs are determined by EPA registration standards (S).  The EPA 

sets registration standards by a process discussed in the next section.  Registration 

standards may be homogeneous across crops and pesticides, only varying through time, 

or may depend on crop and pesticide characteristics and time (Sijt).   

 

4.2 The EPA 

 EPA administrators interpret and enforce legislation passed by Congress to 

protect agricultural workers, food consumers, and the environment from risks 

associated with pesticide use.  Pressure from safety advocates influences legislation 
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passed by Congress and its enforcement at the EPA.  Congress and the EPA also 

respond to pesticide and crop producers that would like to minimize pest control costs.  

In response to these often-competing influences, the EPA sets safety standards that 

products must meet before being registered and sold for use on commercial food crops. 

EPA safety standards (Sijt) are indicators of the severity of the testing required to 

demonstrate safety to the EPA and other registration requirements.  These standards 

determine the cost of registration (C).  This cost is the bar registrants must hurdle to 

obtain EPA approval for sale of a particular product on a particular crop site for a given 

year.  Specific costs may be overt, such as safety tests, or opportunity costs incurred 

through delayed introduction or increased restrictiveness required on the label.  They 

may also include fees.  These costs may vary through time and with crop and chemical 

characteristics.  The structure and variation of these costs will affect profitability of 

registration sites and thereby influence which pesticides are registered for which crops. 

The EPA is assumed to set registration standards so as to minimize negative 

signals (M) from the public (Equation 4.2)2.  For simplicity, all signals are negative 

signals, or complaints, in this model.  Praise is the negative of a complaint.   

There are two types of complaints, those from people who would like to 

increase pesticide safety and those from people who think pesticides are over-regulated.  

The number of complaints regarding pesticide safety is called mc (Equation 4.3) and the 

number of complaints regarding over-regulation is called mf (Equation 4.4).   
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M = mc + mf         (4.2) 

mc = mc(D(Sijt*;Ωijt))        (4.3) 

mf = mf (C(Sijt*;Ωijt))       (4.4) 

 

The number of complaints about safety (Equation 4.3) is a function of perceived 

damage (D), which in turn is a function of safety standards (Sijt), and the pesticide and 

crop characteristics of registrations that meet those standards (Ωijt).  As safety standards 

become more stringent, the characteristics of registration outcomes become safer (Ωijt), 

and people perceive less damage and voice fewer complaints to the EPA (∂mc/∂D>0; 

∂D/∂S<0).  Types of damage that people perceive can include acute and chronic 

physical effects to themselves, other people, or the environment.   

The number of complaints about over-regulation (Equation 4.4) is a function of 

pesticide registration and maintenance costs (C), which in turn are a function of safety 

standards (Sijt) and pesticide and crop characteristics (Ωijt).  As safety standards become 

more stringent, pesticide firms incur greater registration costs, which they pass on to 

farmers, and the characteristics of registration outcomes (Ωijt) may change.  As 

stringency increases, pesticide registrants and farmers who are unhappy about 

registration costs or the characteristics of registered pesticides complain to the EPA 

(∂mf/∂C>0; ∂C/∂S>0).   

                                                                                                                                               
2 This model draws on one presented by Magat, Krupnick, and Harrington (1986). 
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Registration standards vary with pesticide and crop characteristics.  For 

example, some types of pesticides have a well-known level of safety that exceeds EPA 

standards, allowing the EPA to waive or simplify test requirements, lowering 

registration costs for those pesticides.  Other pesticides face a higher burden of proof 

because of new or poorly understood risks, or because of EPA efforts to remove a 

certain type of risk from the market.  Registrations on crops eaten more intensively by 

people may have higher safety standards, while those for crops eaten rarely may be less 

stringent. 

The EPA chooses a safety standard *
ijtS  (Equation 4.5) that minimizes the total 

number of signals from the public (Equation 4.6).  The EPA weighs complaints about 

over-regulation relative to complaints about safety according to γijt.  The weight may 

vary through time or across crop or pesticide characteristics.  It may change across time 

because of changes in administration, across crops because of varying grower group 

influence or the location where a crop is grown, or across pesticides because certain 

types of producers have more influence on the EPA. 

The EPA’s chosen standards influence the pesticide and crop characteristics of 

registration outcomes by affecting how the cost of registration varies with those 

characteristics.  The first order condition for EPA’s optimal standards (Equation 4.7) is 

that the EPA sets the standard to equalize the marginal probability of receiving a signal 

of either type.  The second order condition for a minimum is that Equation 4.8 is 

positive.  Intuitively, Equation 4.8 is satisfied if the probability of receiving complaints 

about over-regulation is everywhere increasing as stringency increases, and the 



74 

probability of receiving complaints about pesticide risks is everywhere decreasing as 

safety standard stringency increases.  

 

S* = S*(Ωijt,γijt)       (4.5) 

M = mc(D(Sijt, Ωijt)) + γijt × mfC(Sijt, Ωijt))    (4.6) 

M’ = ∂mc/∂D × ∂D/∂St + γ × ∂mf/∂C × ∂C/∂St = 0   (4.7) 

M’’ = ∂2mc/∂D2 × ∂2D/∂S2 + γ × ∂2mf/∂C2 × ∂2C/∂S2 > 0  (4.8) 

 

Three assumptions ensure the existence of a unique solution to Equations 4.7 

and 4.8.  The first is that at minimum levels of safety, complaints about pesticide risks 

(mc = D(Sijt)) exceed the number of complaints about over-regulation (mf = C(Sijt)).  

This condition is satisfied as long as it is reasonable to believe that government would 

not have created a regulatory body unless at minimum levels of safety standards people 

complained about pesticide risk more than they complained about regulations.   

The second assumption is that the number of complaints about pesticide risk 

decreases monotonically as safety standards increase.  The third assumption is that 

complaints about over-regulation increase monotonically as safety standards become 

more stringent. 

At the optimal safety level (S*), a marginal increase in the safety standard will 

bring more influence-adjusted complaints about over-regulation (mf) than it will reduce 

complaints about pesticide risks (mc).  Similarly, a marginal decrease in safety standard 
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stringency will bring more complaints about pesticide risks than it will reduce 

complaints about over-regulation.   

The characteristics of registration outcomes include the crop and pesticide 

characteristics of concern to firms that were mentioned in the previous section (e, sI, q,  

p, v, l) and crop and pesticide characteristics external to the firm but internalized by 

EPA registration costs.  The external crop and pesticide characteristics include, for 

example, the safety to final food consumers, agricultural workers, and the environment.  

These characteristics are measured by toxicity ratings (called safety ratings in this study 

because they are all increasing in safety; external safety ratings are denoted sE).  

Pesticide age (ait) may matter also because registration standards may be very high for 

new pesticides but decline as more is known about them.  Registration costs may also 

depend on crop and pesticide characteristics that determine exposure potential (dijt).   

The pesticide safety levels (si, which include both sE and sI) depend on the 

safety standards in effect.  For pesticides with higher safety levels, perceived damage 

declines (∂D/∂si<0), citizens are less likely to complain (∂mc/∂D>0), and optimal 

standards for demonstrating safety may be lower (∂S/∂si<0) and less costly to undertake 

(∂C/∂S>0).  In the immediate term the EPA reduces safety standards by waiving testing 

requirements for pesticides and crops not perceived to be serious risks.  Over time the 

EPA may reduce safety testing requirements associated with certain pesticide and crop 

characteristics.  Conversely, for less safe pesticides, perceived damage increases, 

citizens are more likely to complain, and the EPA demands a greater standard of proof 

of safety.  Citizens may perceive different types of safety as more important than 
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others.  For example, people may be more concerned about potential damage to farm 

workers than damage to birds (∂S/∂si
farm workers > ∂S/∂si

birds). 

Note that perceived damage may differ from actual damage.  People may 

overestimate or underestimate the danger associated with pesticide characteristics.  For 

example, non-chemicals are often perceived by the public to be universally safer than 

synthetic chemicals.  Whether true or not, this will be reflected in the registration 

standards.  Misunderstood risks may result in greater fear, increased complaints, and 

surprisingly stringent safety standards.  Alternatively, they may result in ignorance, 

fewer complaints, and particularly lax safety standards. 

Safety standards may vary with pesticide age as well.  New pesticides face the 

highest registration standards because little is known about them.  As pesticides age 

registration costs may decline because the body of knowledge about them expands.  

Eventually registration costs increase again because data is old, registration standards 

have changed, and re-registration is required (∂S/∂ait<0; ∂2S/∂a2>0). 

Potential exposure (dij) depends on crop and pesticide characteristics.  Crop 

exposure characteristics (dj) include per capita consumption and whether the crop is 

used for food or feed.  For example, people are more likely to perceive risk and damage 

from a crop with higher annual per capita quantity consumed as food (∂D/∂dj>0).  This 

increases perception of damage, leads to more complaints, and results in more stringent 

safety standards (∂S/∂dj>0).   

Pesticide exposure characteristics (di) are those that measure how long it takes 

for a pesticide to break down to harmless components (persistence) and how likely the 
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pesticide is to move from where it was applied to where it may damage resources 

(mobility).  Pesticides that are persistent and mobile are more likely to be found in 

groundwater and other resources where they contribute to perceived damage, causing 

the EPA to increase registration standards (∂D/∂di>0, ∂S/∂dj>0). 

EPA regulations and practices may create an interaction between safety (si) and 

crop exposure (dj).  Registrations that combine crops with high levels of human 

exposure (such as those with high per capita consumption, or those consumed with the 

skin on) and pesticides with higher risk, are likely to be more highly scrutinized by the 

EPA.  The result is that a registration of a combination of a pesticide that is lower in 

safety and a crop that is higher in exposure will face a greater increase in registration 

costs than either of the two marginal effects would cause independently. 

 

4.3 Pesticide Registration Profitability 

 The EPA sets registration safety standards by minimizing negative signals from 

the public, as expressed by Equation 4.6.  The optimal solution, Equation 4.5, is a set of 

safety standards that vary with pesticide, crop, and policy characteristics.  That set of 

safety standards determines the cost of registering a pesticide.  Pesticide registrants 

calculate the profitability of potential combinations of pesticides and crops, according 

to Equation 4.1, which depends on pesticide and crop characteristics of interest to the 

firm (ΩI) and on those affected by EPA’s registration safety standards (ΩE).  

Substituting Equation 4.5 into Equation 4.1, yields: 
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 Πijt = R(ΩI
ijt) – C(Sijt(ΩE

ijt,γijt)).     (4.9) 

 

Where: 

 ΩI
ijt = Ω (ei(ait, dij, si), s

I
i(ei), qi, pit, vj, lj) and    (4.10) 

 ΩE
ijt = Ω (sE

i(ej), ait, dij).      (4.11) 

 

 The I and E superscripts call attention to the fact that some crop and pesticide 

characteristics are internal to firm net revenue calculation while others are external until 

they are internalized by EPA registration standards.  In Chapter 6 internalized 

characteristics are called market factors and external ones are called non-market factors. 

 Based on the relationships among characteristics described in this chapter, 

Equation 4.9 can be differentiated with respect to crop, pesticide, and policy 

characteristics to yield Equation 4.12.   
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Equation 4.12 can be rearranged to form Equation 4.13, which demonstrates that 

many variables may have both positive and negative effects on the profitability of a 

registration.  The net effects will be measured empirically in Chapter 6. 
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Summarizing Equation 4.13:   

1. An increase in pesticide effectiveness increases revenues directly, but 

decreases revenues and increases registration costs through its negative 

effect on safety. 

2. An increase in age decreases revenues by decreasing effectiveness.  Age at 

first decreases registration requirements and costs, then, at some point, 

increases them again. 

3. Pesticide exposure-potential increases revenues through effectiveness.  

Crop and pesticide exposure increase registration standards and costs.   
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4. Increased safety decreases revenues through reduced effectiveness.  Some 

safety characteristics also have a direct effect of increasing revenues.  

Safety also decreases registration requirements.   

5. Quantity produced reduces per unit production and marketing costs, which 

increases net revenue.   

6. Existence of a patent increases revenues.   

7. Higher crop pesticide-market value increases revenue.   

8. Increased value of liability claims reduces net revenue.   

9. Policy variables have varying effects depending on the particular indicators 

used, but in general, as EPA recognition of over-regulation complaints 

relative to safety complaints increases, registration costs decline, and vice 

versa. 

 

The second derivatives have the usual, opposite signs as the first derivatives.  

For example, rising effectiveness has a declining marginal effect on revenues.  An 

exception is age, which may have an increasingly negative effect on effectiveness, and 

therefore revenues over time.  Resistance builds up slowly at first then accelerates. 

The second cross partial derivatives are primarily zero except for the one 

between safety and exposure.  If the EPA increases registration standards for 

combinations of crops that people consume intensively and pesticides that are more 

toxic, then registration standards increase most rapidly for registrations that combine 

these characteristics. 
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Table 4.1 summarizes the pesticide, crop, and political variables expected to 

affect the profitability of registrations.  The hypothesized signs are summarized as well.  

The size and even the signs of these marginal effects may change through time as 

farmer, pesticide firm, and EPA interests and policies change.  For example, farmers 

may increase their desire for a certain pesticide characteristic, e.g., inhalation safety, 

causing its marginal effect on profitability to increase.  Alternatively, the EPA may 

impose new rules to protect infants from pesticide exposure that would increase the cost 

of obtaining a registration for crops consumed intensively by infants. 

 

Table 4.1—Definition of pesticide, crop, and political characteristics and their 
hypothesized effects on registration revenue, cost, and profitability 

Variable Description 
Marginal Effect 
on Profitability 

Marginal Effect 
on Revenue 

Marginal Effect 
on Registration 

Cost 
ei Effectiveness ? ? (probably +) − 
ait Age ? − −/+ 
di Pesticide exposure ? + + 
dj Crop exposure −  + 

si Safety Characteristics ? ? − 
qi Scale of production + +  
pit Patent + +  
vj Crop pest-market value + +  
lj Liability − −  

γijt Policy variables ?  ? 

 

 

The interaction between pesticide safety and effectiveness requires firms to 

trade off safety and effectiveness when making their registration decisions.  Registering 

a more effective pesticide would increase revenues, but it would also reduce safety, 

resulting in higher registration costs.  As safety standards rise through time or across 
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different crops, the effectiveness of registrations may decline.  Not only does this 

complicate the model but it also makes it more difficult to measure empirically the full 

effect of safety on profitability and registration outcomes.  An increase in safety would 

not occur without a decrease in effectiveness and they would have offsetting effects on 

profitability. 

The importance of this trade off will depend on the situation and the time 

period.  Different pesticides and different components of safety may have different 

relationships with pesticide effectiveness.  Herbicides, because they are designed to 

control plants, may have effectiveness characteristics less closely linked to human 

health risks.  Insecticide effectiveness may correlate highly with safety to honeybees, 

but correlate less with human toxicity.   

These relationships may decline through time.  While there is no doubt that 

many chemicals are toxic to both pests and humans, chemicals that become pesticides 

are chosen because they are selectively toxic to pests without damaging humans and 

other resources.  Over time, the collection of chemicals that are used as pesticides will 

no longer exhibit a positive correlation between pest control effectiveness and risk to 

humans and other resources.  Many pesticides would remain dangerous, but increased 

effectiveness would not necessarily be associated with increased risk. 

Two examples of exposure and safety measurements that may be particularly 

associated with effectiveness are persistence and bee toxicity.  Non-persistent pesticides 

are safer to humans and the environment because they break down quickly into inert 

substances.  But for farmers, persistence is valuable because persistent pesticides 
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remain in the field protecting crops longer, reducing the need for costly re-application.  

While the EPA may increase registration cost for persistent chemicals, pesticide 

registrants may receive a greater revenue premium from farmers who desire 

persistence.  Which effect dominates is a question to be answered empirically.  

Similarly, because bees are closely related to insect pests, farm demand for the most 

effective insect control may overwhelm EPA (and farmer, because bee safety may be an 

internalized component of safety because farmers depend on bees) efforts to discourage 

pesticides toxic to bees. 

Other interactions may complicate the model as well.  One is the correlation 

between different types of safety.  If all pesticides that damage human eyes also 

damage human skin then it will be difficult to discriminate between these causes for 

registration costs to increase.  Another example would be if pesticide human toxicity is 

highly correlated with toxicity to an environmental resource such as birds.   

   

4.4 Registration Decisions, Stocks and Flows of Registered Pesticides 

The model presented in this chapter explains how the EPA sets registration 

standards and how firms make their registration decisions.  Those decisions determine 

which crops are added, withdrawn, or maintained on pesticide labels.  The EPA does 

not directly control which pesticides are available in which crop markets.  Instead, the 

EPA sets standards it hopes will create incentives for the right pesticides to be most 

available.  If those policies are effective, they should influence which types of 
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pesticides are registered, withdrawn, or maintained in crop markets.  Chapter 6 will test 

whether those policies are consistent with the EPA’s stated intentions. 

An important abstraction in the model is that the EPA never makes the ultimate 

decision on any particular registration.  Firms decide to add, maintain, or withdraw all 

registrations.  Observation of EPA announcements shows that this is not literally true.  

The EPA does initiate special reviews of registrations that conclude with the agency 

announcing the cancellation of a pesticide registration.  The Cropper et al. (1992) study 

looks at such EPA cancellation decisions.  But the model here assumes that even once a 

pesticide is in special review, the firm can control the outcome by withdrawing the 

pesticide or by incurring costs to convince the EPA to retain it.  The amount the firm 

will have to spend to retain the registration, in the forms of testing and lobbying, or 

restrictions on the pesticide use-pattern, will depend on EPA policies.  For some risks 

the cost may be very high, but the decision ultimately rests with the firm.  EPA 

cancellations are cases where the firm was not willing to spend enough to convince the 

EPA to retain the registration. 

Although Cropper et al. (1992) assume that the EPA makes the final decision, 

their results lend support to this new way of modeling registration outcomes.  Cropper 

et al. found that there are no “bright lines” of risk above which all pesticides are 

automatically cancelled by the EPA because they are too dangerous.  They found as 

well that the probability that the EPA cancelled a pesticide registration was affected by 

the size of the benefits that a pesticide registration provides and the amount of lobbying 

that is undertaken to protect the pesticide registration.   
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5. REGISTATION OUTCOMES AND CROP AND PESTICIDE 

CHARACTERISTICS 

 

This study requires three types of data.  The first is the registration status of 

herbicide and insecticide active ingredients over time.  Registrations added, withdrawn, 

or maintained are used as indicators of profitability in the empirical model presented in 

Chapter 6.  The second is the characteristics of a wide range of crops.  The third is a set 

of active ingredient characteristics for all herbicide and insecticide active ingredients 

that are registered for at least one included crop in at least one included year.  

Registration data for 1991, 1995, 1997, and 1999 were obtained for 74 food and feed 

crops and 245 active ingredients.  Not all of these data were used in the final 

regressions but they are all described in this chapter to provide a picture of registration 

outcomes during the 1990s.  Section 5.1 describes the registration outcomes data, 

Section 5.2 describes crop characteristics, Section 5.3 describes pesticide 

characteristics, and Section 5.4 presents selected trends in the number and 

characteristics of pesticides across the 74 crops and over the 4 years. 

 

5.1 EPA Registration Data 

This section explores both product and active ingredient registration data to 

identify trends in registration outcomes for the 1990s.  Section 5.1.1 is a description of 

data sources and a categorization of registration types.  Section 5.1.2 summarizes recent 

trends in registration outcomes for pesticide products and active ingredients on all 
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possible registration sites, including crop, industrial, and household uses.  Section 5.1.3 

describes how the broad variety of registrations were narrowed to a manageable data 

set.   

 

5.1.1 Available Intertemporal Registration Data  

Before 1997, a complete list of pesticides registered by the EPA was available 

only through the National Pesticide Information Retrieval System (NPIRS) database or 

the NPIRS Silver Platter CD-ROM (PRF 1991, 1995).  The EPA had no internal system 

for answering the large number of registration status questions required for this 

research.  Access to NPIRS data was costly and for that reason the data set for this 

research includes only two periods before 1997, August 1991 and November 1995.  

EPA requires NPIRS to destroy all non-current copies of their database making ex-post 

collection of a time series of registration data impossible. 

In 1997, the EPA made the Pesticide Product Information System (PPIS) 

available on their Internet site (EPA various years b).  The PPIS system is updated 

monthly.  The complete data set used in this research was constructed using PPIS data 

from Spring 1997 and 1999, in addition to the 1991 and 1995 data from NPIRS. 

In the NPIRS and the PPIS databases, registration information is organized by 

pesticide products.  Multiple products are often registered that include the same active 

ingredients.  One or more registrants regularly create multiple products from the same 

active ingredients for marketing and pricing strategies.  These versions of identical 

active ingredients do not provide farmers with additional, unique modes of pest control.  
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Summary statistics describing product registration patterns are provided to show recent 

registration trends.  But, because this study is intended to capture the effect of 

registration decisions on the ability of farmers to control pests (not the range of brand 

names available), active ingredients are the main focus. 

Each active ingredient is an additional unit of pest control technology that 

provides farmers with more pest control opportunities.  Each additional active 

ingredient provides farmers either an additional mode of action against pests, an 

additional application method, a different combination of pests controlled, a different 

level of pest control effectiveness, or a combination of these.   

Every herbicide or insecticide product registered for food crops that appeared in 

the NPIRS and PPIS databases was found.  Each registered product was researched to 

find its active ingredients and each active ingredient was identified.  Of the more than 

700 ingredients that appear in herbicide and insecticide products, 423 were found to be 

herbicide or insecticide active ingredients.  The others—fungicides, synergists, 

desiccants, attractants, repellents, for example—were not included in this study. 

A crop-site describes the use situation for which a product is registered.  In 1999 

the EPA master site list includes 28,350 agricultural, industrial, and household sites.  

Each site has a nine digit site identification.  The first five digits identify a specific crop 

or non-crop target area, such as carrots, lawns, households, or industrial sites.  The last 

four digits identify a use-qualification such as pre-plant, feed-only, soil, foliar, aquatic, 

transport vehicles, food preparation surfaces, or other type of application pattern. 
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Pesticide products may be registered at the EPA under three different regulatory 

standards, (1) full (also called section 3 registrations), (2) special local need (section 

24C), or (3) emergency (section 18) registration.  Full registrations are the only ones 

that can potentially be valid indefinitely and anywhere in the country (contingent on 

state registration requirements).  Although they are the most encompassing form of 

registration, full registrations have limitations.  The EPA sometimes includes 

geographic limits on full registration labels and, in time, the agency requires re-

registration to demonstrate that older pesticides meet the most recent registration 

requirements.  As stated previously, under the 1996 FQPA, firms must re-register their 

pesticides 15 years after the original registration date. 

Special local need, or section 24C, registrations are typically valid for up to 5 

years for a specific region, sometimes an entire state.  A state’s pesticide regulator 

grants special local need registrations after approval by the EPA.  The registration 

requirements for special local need registrations are less stringent than full registrations, 

although the active ingredient must already have a full registration for another crop and 

a tolerance must exist on the crop in question.  The applicant must show that there is no 

alternative available or that the pesticide requested is safer or more effective than what 

is otherwise available.  Special local need registrations are designed to be flexible 

solutions to regional pest problems that are not controllable by the range of active 

ingredients with full registrations. 

Emergency, or section 18, registrations are valid for very short periods up to 1 

year and a very limited area (EPA OPP 1999).  Emergency registrations are requested 
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by state departments of agriculture, USDA, or the United States Department of the 

Interior in response to requests by the public.  Emergency registrations are used for 

short-term pest problems unique to a particular time.  Applicants must show that the 

pest problem is new in the growing season for which it is needed, that no other 

available pesticide will provide adequate control, and that significant crop losses will 

occur without the pesticide.  They can be used for pesticides that have no valid federal 

registrations for any site and for uses where no tolerance exists.  Because no existing 

full registration or tolerance is required, and speed precludes extensive testing, safety 

standards are much less strict, though the EPA must establish that “there is reasonable 

certainty that no harm will result to human health” (EPA OPP 1999).  A temporary 

residue tolerance is established along with the emergency product registration. 

 

5.1.2 Pesticide Registration Outcomes 1991-1999: Stock of Registered Pesticides 

This section describes trends in herbicide and insecticide product and active 

ingredient registrations for all crop-sites.  Sites are divided into three categories that 

reflect different levels of safety standards: (1) all sites, which include agricultural, 

household, and industrial sites; (2) all agricultural sites including storage and transport, 

not including ornamental-crop, industrial, or household sites; and (3) food, combination 

food/feed, and flavoring sites (this is the category in which belong the crop sites used in 

the detailed analysis in Chapter 6).  The third category includes crop-sites used by 

commercial farmers, not including storage, transportation, or exclusively feed crops 
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such as hay.  The broader categories include many sites that have fewer and more 

lenient safety standards than the much more carefully controlled food sites.   

 Pesticide Products.  The number of herbicide products with full registrations 

increased in the 1990s, especially for food crops (Table 5.1).  In 1991, 2,726 herbicide 

products were registered in the United States, 997 of which were registered for at least 

one agricultural site, and 765 of which were registered for at least one food site.  In 

1999, 2,861 herbicides were registered, 1,139 for at least one agricultural site, and 

1,029 for at least one food site.  The share of herbicide products registered for 

agricultural sites and the share registered for food sites increased during the 1990s.  In 

1991, 37 percent of all herbicide products had at least one agricultural site.  In 1999 that 

share was 40 percent.  The share of products with at least one food site rose from 28 to 

36 percent over the period. 

 

Table 5.1—Number of herbicide product full registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 2,726 2,972 2,861 +5 
Agricultural 997 1131 1,139 +14 

Food 765 894 1,029 +35 

Sources: PRF 1991, 1995; EPA various years b. 
Notes: Number of products with full (FIFRA section 3) registrations for at least one site in each 

category.  Any site includes all agricultural, industrial, and household sites.  Agricultural sites 
include all food, feed, flavoring, and fiber sites with code numbers below 300000000 without 
restriction to use site.  Food sites include food and dual food/feed sites coded below 300000000 
not including fiber, tobacco, or entirely feed crops, and that are for application on the crop itself 
(site qualification code less than 1000). 

 

 The number of insecticide products with full registrations has fallen during the 

1990s (Table 5.2).  In 1991, there were 8,897 insecticide products registered in the 
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United States.  Of those, 2,364 were registered for at least one agricultural site, and 

1,867 had at least one food site registration.  In 1999, 7,291 products were registered, 

1,973 for at least one agricultural site, and 1,644 for at least one food site.  The share of 

insecticide products registered for agricultural sites and the share registered for food 

sites have remained relatively constant.  About 27 percent of all insecticide products 

have at least one agricultural site, and about 22 percent have at least one food site. 

 

Table 5.2—Number of insecticide product full registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 8,897 7,994 7,291 -18 
Agricultural 2,364 2,092 1,973 -17 
Food 1,867 1,655 1,644 -12 

Sources: PRF 1991, 1995; EPA various years b. 
Notes: See Table 5.1. 

 

The use of special local need registrations increased for both herbicides and 

insecticides during the 1990s (Tables 5.3 and 5.4).  In 1991, there were only 186 

herbicide and 300 insecticide special local need registrations.  In 1999, there were 1,047 

herbicide and 1,179 insecticide special local need registrations.  The share of herbicide 

special local need registrations that were for agricultural sites increased from 65 to 75 

percent.  The share for food sites increased from 34 to 48 percent.  The share of 

insecticide special local need registrations that were for agricultural sites increased 

from 68 to 74 percent.  The share for food sites increased from 50 to 54 percent. 
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Table 5.3—Number of herbicide product special local need registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 186 948 1,047 +463 

Agricultural 121 717 786 +550 

Food 64 468 505 +689 
Sources: PRF 1991, 1995; EPA various years b. 
Notes: Number of products with special local need (FIFRA section 24C) registrations for at least one 

site in each category.  Any site includes all agricultural, industrial, and household sites.  
Agricultural sites include all food, feed, flavoring, and fiber sites with code numbers below 
300000000 without restriction to use site.  Food sites include food and dual food/feed sites 
coded below 300000000 not including fiber, tobacco, or entirely feed crops, and that are for 
application on the crop itself (site qualification code less than 1000). 

 

Table 5.4—Number of insecticide product special local need registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 300 1,301 1,179 +293 

Agricultural 204 986 870 +326 

Food 151 725 639 +325 

Sources: PRF 1991, 1995; EPA various years b. 
Notes: See Table 5.3. 

 

Measured by the number of products competing for sales, herbicide markets are 

more competitive in 1999 than they were in 1991, especially for agricultural sites.  

There are more herbicide product options.  The insecticide market is less competitive 

by this measurement.  Fewer insecticides have full registrations, but the number of 

special local need registrations has increased significantly.  Reliance on the special 

local need system for making pesticides available has increased during the 1990s.  This 

may be an indication that farmers cannot control their pest problems with the pesticide 

products made available through the full registration system.  Trends in the registration 
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of the active ingredients that make up pesticide products should reveal more about how 

pesticide availability has changed. 

Pesticide Active Ingredients.  In contrast to the drop in the number of 

insecticide product registrations during the 1990s (Table 5.2), the number of insecticide 

active ingredients included in those products increased (Table 5.5).  In 1991, 128 

insecticide active ingredients were used to produce the 8,897 insecticide products that 

were registered.  Sixty-eight percent, or 87 of those active ingredients, were included in 

the 2,364 insecticide products that had agricultural registrations.  Fifty-nine percent, or 

75 active ingredients, were in the 1,867 products registered for food sites.  Though food 

crops only had 21 percent of the insecticide products that existed, 59 percent of existing 

active ingredients were available to them in 1991. 

 

Table 5.5—Number of insecticide active ingredients with full registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 128 148 152 +19 

Agricultural 87 103 104 +20 

Food 75 91 102 +36 

Sources: PRF 1991, 1995; EPA various years b. 
Notes: Number of active ingredients with full (FIFRA section 3) registrations for at least one site in 

each category.  Any site includes all agricultural, industrial, and household sites.  Agricultural 
sites include all food, feed, flavoring, and fiber sites with code numbers below 300000000 
without restriction to use site.  Food sites include food and dual food/feed sites coded below 
300000000 not including fiber, tobacco, or entirely feed crops, and that are for application on 
the crop itself (site qualification code less than 1000). 

 

In 1999, though the number of insecticide products with full registrations had 

fallen, the number of insecticide active ingredients included in those products had risen.  

The number of insecticide active ingredients registered for any site rose by 19 percent, 
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from 128 in 1991 to 152 in 1999.  The number of insecticide active ingredients 

registered for agricultural sites rose by 20 percent over the same period.  The number of 

insecticide active ingredients registered for food sites rose by 36 percent, closing the 

gap on the wider categories.  In 1999, food crops had almost as many insecticide active 

ingredients available as the agricultural sites despite having only 23 percent of the 

number of insecticide products.  The trend for insecticides applied to food sites is for 

more active ingredients to be available packaged in fewer products. 

 Herbicide active ingredient full registrations followed a similar pattern (Table 

5.6).  The slight rise in the number of herbicide products registered masks a larger rise 

in the number of herbicide active ingredients available.  In 1991, 175 herbicide active 

ingredients were used to produce the 2,726 herbicide products registered for any site.  

Seventy-five percent of those herbicide active ingredients, numbering 131, were used in 

the 997 products registered on agricultural sites.  Sixty-seven percent of the active 

ingredients, 117 of them, were included in the 765 herbicide products registered for 

food crops.  Although only 28 percent of all herbicide products were registered for food 

crops, 67 percent of all herbicide active ingredients were included in those products. 

 

Table 5.6—Number of herbicide active ingredients with full registrations 

Sites 1991 1995 1999 
Percent Change 

1991-1999 
Any site 175 169 191 +9 
Agricultural 131 131 154 +18 

Food 117 119 149 +27 

Sources: PRF 1991, 1995; EPA various years b. 
Notes: See Table 5.5. 
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 In 1999, the number of herbicide active ingredients with full registrations for 

any site had risen to 191, a 9 percent increase compared to 1991.  The number of 

herbicide active ingredients registered for agricultural sites rose by 18 percent from 131 

to 154.  The number of herbicide active ingredients registered for food sites rose by 27 

percent, bringing the number of herbicide active ingredients available to food crops 

almost equal to the number available to agricultural sites. 

 Between 1991 and 1999, there was an increase in the number of herbicide and 

insecticide active ingredients registered (Figures 5.1 and 5.2).  The share of those active 

ingredients available to food crops rose even more, bringing the number available for 

food production about equal to the share available to agricultural sites, 22 percent 

below the total number of herbicide active ingredients available, and 33 percent below 

the total number of insecticide active ingredients available.  Though the number of 

products available to food crops is only a small share of all products, they include 78 

percent of all herbicide active ingredients and 67 percent of all insecticide active 

ingredients. 
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Figure 5.1—Number of herbicide active 
ingredients with full registrations 
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Figure 5.2—Number of insecticide 
active ingredients with full registrations 
 

 

5.1.3 Description of the Registration Data Selected for Further Study 

Narrowing the number of registrations to a manageable size required several 

decisions beginning with the choice of crops on which to focus.  In 1999, there were 

approximately 300 food, feed, and flavoring crops listed in the EPA registration 

database.  Seventy-four food, food/feed, and flavoring crops were chosen because their 

crop characteristics are available from USDA and state departments of agriculture.  

These 74 crops include field, vegetable, fruit, nut, root, tropical, and beverage crops.  

They vary from very minor crops such as taro to large field crops such as wheat. 

Each crop has a variety of associated use-qualifications.  These are specific 

application limitations such as foliar, soil, aquatic, stored commodity, or transport 

vehicle application.  Including all categories of use-qualifications increases tenfold the 

number of sites to be analyzed.  Different use-qualifications can also have different 
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registration standards making comparison difficult without detailed information about 

requirements for each one.  Certain use-qualifications apply only to certain crops, 

making registration comparisons across them more an indication of differences in how 

the crops are grown, stored, or transported than a reflection of registration policies and 

decisions. 

To solve these problems, a single, universally necessary category of use-

qualification was chosen.  Foliar registrations were chosen because they are the most 

common and the most reflective of what farmers need to use during the majority of the 

production process.  The foliar use category is application directly to the crop or in such 

a way that contact with the crop is likely.  Registrations for that category or entirely 

unqualified registrations are the only ones considered. 

EPA registration data are further complicated by the existence of crop-site 

groups with names such as citrus crops or field crops.  A group site in a product’s list 

of registered sites indicates that the product is registered for all members of that group.  

No official list exists of exactly which crops are members of each group in every case.  

The only absolute way to gather that information is to check every product label for 

each active ingredient to ensure that every crop in a group appears on at least one label, 

a prohibitive amount of work considering the large number of active ingredients 

considered here.  Instead, information about crop grouping provided in EPA descriptive 

information and coding conventions was used to indicate which crops fall into each 

group in each situation.   
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The number of pesticides available when group sites are included may identify 

some active ingredients as registered options for some crops where in fact no product 

containing that active ingredient and registered for that crop actually exists.  For 

example, registration data may indicate that a product containing an active ingredient is 

registered for all fruit trees when in fact inspection of every labeled product containing 

that active ingredient may reveal that none of the labels includes plums.  The result is a 

few cases of exaggerated availability of pesticides.  The alternative strategy, 

eliminating group-crop registration data, would cause a more serious undercount of 

registered active ingredient options.  The vast majority, if not all, of the crops in the 

group, fruit trees in this example, are on at least one product made from the active 

ingredient. 

 

5.2 Crop Characteristics  

The pesticide registration model presented in Chapter 4 identified crop variables 

that may influence registration outcomes.  Crop variables that affect revenues are crop 

pesticide-market value (vj) and crop liability potential (lj).  Crop characteristics that 

affect registration cost are exposure potential (dj) and policy variables (γjt).  This section 

describes measurements or proxies for these model variables.  The last part of Section 

5.2 describes how the number of active ingredients available changes with crop 

pesticide-market value. 
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5.2.1 Crop Pesticide-Market Value 

Measurements of each crop’s pesticide-market value (vj) indicate the revenue 

pesticide registrants could earn by registering a pesticide for that site.  This is the sales 

potential that firms sought if they registered or passed up if they chose not to register.  

Because anticipated sales are calculated using methods and data that are proprietary to 

firms, exact revenue forecasts are not available.  Instead, national crop total value, 

along with some information about the relative pest intensity of crops, are used to proxy 

for expected revenues. 

National crop value measures the total value that farmers would like to protect.  

Crops with high national values are grown on many acres in many different regions, are 

exposed to many different pests, and account for a great deal of national pesticide 

demand.  As the total national value of a crop increases, pesticide-market value should 

increase as well, resulting in higher revenues for pesticide registrants.  

Table 5.7 provides 5-year average total national crop values in 1995 dollars.  

The first column for each crop is the average value for the 5 years leading up to the 

1991 registration year.  The second column is for the 5 years leading up to the 1999 

registration year. These data are used in Chapter 6 to explain registration outcomes. 

In the 5 years ending in 1998, the 74 crops included in this study ranged in 

value from $2.9 million for taro to $22.3 billion for field corn (Table 5.7).  The crops 

included major field crops such as field corn, soybeans, and wheat, and minor ones 

such as hops and oats.  Row, vine, and tree fruit crops are included, ranging in value 

from very minor crops such as limes, figs, and papayas, to more valuable ones such as 
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apples and grapes.  Nut crops ranged from hazelnuts, at less than $25 million, to 

almonds at nearly $1 billion.  Vegetables ranged in value from $15 million worth of 

endives to $1.6 billion worth of tomatoes.  Crops such as coffee and garlic experienced 

large increases in national value over the period, while others such as limes and some 

other citrus crops declined in value. 

Other crop characteristics may affect registration outcomes as well.  Some very 

valuable crops may not require large quantities of pesticides because they do not have 

serious pest problems.  A measurement of the severity of potential pest damage may 

improve the estimation of pesticide-market value.  An ideal index of pest severity 

would measure crop losses, but because maximum potential output is unknown, 

potential crop losses are very difficult to estimate (Yudulman, Ratta, and Nygaard 

1998).  The share of acres receiving pesticide applications and the number of 

applications are alternative measurements of pest severity.  Unfortunately such data are 

not available for the full range of crops included here.   
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Table 5.7—Average total national crop value 
 National Value   National Value   National Value 

Crop 1986-90 1994-98  Crop 1986-90 1994-98  Crop 1986-90 1994-98 

 (Thousand 1995 dollars)   (Thousand 1995 dollars)   (Thousand 1995 dollars) 
Taro 2,365 2,900  Tangerines 93,801 101,121  Carrots 339,859 446,537 

Limes 27,963 3,734  Hops 103,917 119,563  Peppers 403,621 456,333 
Bananas 4,909 5,390  Mint 128,739 146,948  Sunflowers 267,816 456,680 
Ginger 7,433 6,338  Pistachios 107,356 153,776  Sweet corn 522,090 638,321 

Beets 10,034 7,782  Asparagus 184,900 176,410  Onions 600,506 666,856 
Endive 18,790 14,554  Garlic 67,456 176,420  Mushrooms 713,410 712,275 
Figs 22,148 15,378  Sweet-potat. 183,821 191,601  Strawberries 698,854 847,752 

Tangelos 32,893 15,498  Prunes 182,655 192,024  Sugarcane 1,045,632 849,017 
Kiwis 22,215 15,614  Pecans 236,701 207,989  Barley 1,184,914 864,620 
Papayas 16,228 15,773  Cauliflower 249,445 217,434  Beans 923,998 902,349 

Brussels sp. 15,521 18,149  Celery 287,515 237,144  Almonds 714,508 960,823 
Eggplants 18,759 18,897  Avocados 279,774 255,297  Peanuts 1,426,501 1,034,403 
Coffee 10,255 20,159  Cherries 219,382 256,979  Sugarbeets 1,338,066 1,154,468 

Dates 23,930 21,035  Lemons 284,312 259,237  Sorghum 1,630,258 1,382,817 
Hazelnut 18,875 24,792  Cabbage 272,647 261,846  Apples 1,418,588 1,502,136 

Rye 37,769 29,805  Pears 291,795 265,817  Lettuce 1,178,459 1,554,629 

Apricots 44,185 37,173  Oats 662,522 265,848  Rice 1,202,658 1,556,618 
Macadamias 50,573 38,458  Cranberries 211,386 273,187  Tomatoes 1,897,725 1,620,809 

Olives 67,985 58,146  Grapefruit 518,588 285,298  Oranges 1,911,107 1,717,826 
Artichokes 46,203 63,558  Watermelons 163,263 290,881  Grapes 1,955,164 2,317,041 
Honeydew 91,492 84,150  Walnuts 284,209 314,451  Potatoes 2,740,224 2,566,019 

Pineapples 129,102 87,090  Cucumbers 252,007 318,335  Wheat 8,124,729 8,365,996 
Spinach 76,922 88,609  Cantaloupes 263,980 357,846  Soybeans 13,853,710 15,179,841 
Plums 129,420 91,575  Peaches 445,362 388,601  Field corn 19,171,236 22,251,233 

Nectarines 107,893 94,604  Broccoli 336,652 441,392     

Source: BLS 1999; USDA ERS various years; USDA NASS various years a; FAO 1999. 
Notes: Listed in order of 1994-1998 average value. Discounted with Bureau of Labor Statistics 

consumer price index. 

 

Crop-type dummies are used to proxy for different pest-intensity across crops.  

USDA pesticide-use data indicate that pesticide usage differs between crop types 

(USDA NASS various years b).  Seed and pod field crops, such as corn and soybeans, 

use herbicides intensively but in general do not use insecticides as intensively.  Cereal 

crops are likely to be similarly intensive users of herbicides with much less intensive 

use of insecticides.  Citrus fruit crops such as grapefruit and oranges are also intensive 

users of herbicides.  Insecticides are used most intensively on vegetable and fruit crops.  
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Crop type indicators are used in the regressions in Chapter 6 to proxy in part for these 

differences between crop types. 

 

5.2.2 Crop Liability Potential 

National crop per-acre value is a proxy for product liability potential (lj).  The 

cost to pesticide firms of a liability claim increases as the per-acre value of a crop 

increases.  A firm’s expected revenue, which here is modeled net of liability claims, 

may be lower for certain high value fruits and vegetables because the liability potential 

from a single application on those crops is higher than other crops.  Whether the net 

revenue increases or decreases as per-acre value rises will indicate whether liability 

concerns dominate the revenue increasing effect of per-acre value. 

 Per-acre value is lowest for field crops that have very high total national value, 

such as field corn, wheat, and soybeans (Table 5.8).  Crops with the highest per-acre 

value include some of those with the lowest total national value, such as taro, ginger, 

and papayas.  For them, the combination of low total value and high per-acre value 

could have a doubly negative effect on the number of pesticides registered because not 

only is the total potential revenue limited, but potential liability per pesticide 

application is high.   

 Some crops with similar national value have very different per-acre value.  For 

example, peppers, with a total national value about equal to carrots, are worth twice as 

much per acre as carrots.  If potential liability losses are important in revenue 
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projections, then peppers would be expected to have fewer pesticides available than 

carrots. 

 

Table 5.8—Crop farm value per acre, 1993-1998 average 
Crop Value per Acre  Crop Value per Acre  Crop Value per Acre 
 (Constant 1995 $)   (Constant 1995 $)   (Constant 1995 $) 

Rye 80  Potatoes 1,897  Carrots 3,532 
Oats 87  Cucumbers 1,910  Avocados 3,706 
Barley 134  Macadamia 1,993  Tomatoes 3,723 

Wheat 135  Pecans 2,053  Pears 3,819 
Sunflower 146  Prunes 2,114  Pineapples 4,170 
Sorghum 149  Oranges 2,190  Lemons 4,188 

Soybeans 231  Plums 2,216  Endive 4,222 
Field corn 306  Sweet potatoes 2,285  Dates 4,263 
Beans 429  Almonds 2,287  Onions 4,345 

Rice 495  Asparagus 2,340  Cauliflower 4,399 
Peanuts 689  Peaches 2,372  Brussels Sprouts 5,321 
Sugar beets 812  Spinach 2,454  Garlic 5,353 

Sweet corn 886  Kiwis 2,529  Bananas 5,501 
Hazelnut 897  Pistachios 2,540  Lettuce 5,526 
Beets 898  Cherries 2,648  Taro 5,622 

Sugarcane 928  Tangerines 2,840  Eggplant 5,907 
Mint 951  Grapes 2,856  Artichokes 5,910 
Figs 1,189  Hops 2,914  Papayas 7,161 

Tangelos 1,318  Nectarines 2,992  Peppers 7,340 
Watermelon 1,484  Honeydews 3,188  Cranberries 7,925 
Limes 1,681  Apples 3,217  Celery 8,730 

Olives 1,759  Cabbage 3,291  Strawberry 17,410 
Grapefruit 1,774  Broccoli 3,294  Ginger 23,771 
Apricots 1,782  Coffee 3,325  Mushrooms 222,968 

Walnuts 1,819  Cantaloupes 3,375    

Source: BLS 1999; USDA ERS various years; USDA NASS various years a. 
Notes: Discounted with Bureau of Labor Statistics consumer price index. 

 

5.2.3 Crop Exposure Potential 

Pesticide hazard depends on pesticide toxicity and exposure (dj).  Exposure for 

food consumers depends on the crop.  Some crops are consumed rarely and in small 

quantities, limiting exposure.  Other crops are consumed in great amounts, potentially 

putting consumers at greater risk.  EPA policy, especially following the 1996 FQPA, 
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requires increased testing to ensure that consumers are not exposed to unsafe levels of 

pesticide residues from these crops.   

The additional cost required to demonstrate safety on high consumption crops 

may have two effects.  First, it may increase the cost of registration for all pesticides 

intended for registration on such crops, reducing the number of registrations for the 

crops.  Secondly, it may increase the registration cost of less safe pesticides.  This 

would increase the importance of safety characteristics in determining whether a 

pesticide is available for such a crop.  For these reasons, the United States per capita 

consumption of each crop is included in this analysis as a proxy for the EPA’s internal, 

unavailable per capita consumption data.  Registration cost is expected to rise with per 

capita consumption, reducing the number of pesticides available for such crops, 

especially less safe ones.   

Per capita consumption of the crops included in this study ranged from very low 

consumption of most nuts, some fruits and vegetables such as Brussels sprouts and 

dates, and flavorings such as mint and ginger; to high consumption of corn, oranges, 

tomatoes, and wheat (Table 5.9). 
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Table 5.9—Crop per capita consumption in pounds at retail, 1986-1997 average 

Crop 
Per Capita 

Consumption  Crop 
Per Capita 

Consumption  Crop 
Per Capita 

Consumption 

Ginger 0.01  Limes 0.89  Peaches 9.44 
Taro 0.03  Tangelos 0.92  Coffee 9.49 

Macadamias 0.05  Tangerines 0.92  Cucumbers 10.11 
Mint 0.05  Asparagus 0.97  Cabbage 10.50 
Hazelnut 0.07  Olives 1.29  Peppers 11.37 

Pistachios 0.11  Prunes 1.41  Soybeans 12.00 
Figs 0.17  Cherries 1.43  Carrots 12.20 
Dates 0.19  Nectarines 1.44  Pineapples 13.63 

Endive 0.24  Sunflowers 1.53  Watermelons 14.43 
Cranberries 0.26  Avocados 1.57  Beans 14.63 
Papayas 0.28  Garlic 1.57  Rice 16.92 

Brussels sprouts 0.31  Sorghum 1.75  Onions 17.38 
Eggplants 0.41  Honeydew 2.09  Bananas 26.26 
Walnuts 0.44  Cauliflower 2.57  Sweet corn 26.89 

Kiwis 0.45  Lemons 2.78  Lettuce 29.65 
Pecans 0.48  Mushrooms 3.76  Sugarcane 32.00 
Hops 0.50  Sweetpotatoes 4.28  Sugarbeets 34.00 

Almonds 0.60  Strawberries 4.95  Grapes 45.31 
Artichokes 0.60  Broccoli 5.93  Apples 47.19 
Rye 0.60  Peanuts 6.15  Oranges 87.20 

Spinach 0.69  Oats 6.19  Tomatoes 88.67 
Barley 0.77  Grapefruit 6.50  Field corn 97.59 
Plums 0.80  Celery 6.86  Potatoes 132.69 

Beets 0.81  Pears 6.86  Wheat 138.69 
Apricots 0.85  Cantaloupes 9.23   

Source: Putnam and Allshouse 1998; FAO 1999. 

 

Another crop exposure characteristic that may influence the stringency of EPA 

registration requirements is the intended use of the crop.  All of the crops included in 

this study are food crops, but some are also used to a great extent as feed (Table 5.10).  

If crops used primarily as feed are treated differently by the EPA because the agency 

believes they have lower potential to expose food consumers to residues, then feed 

crops will have lower safety standards.  Lower safety standards should result in lower 

registration cost and greater numbers of registered pesticides. 
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Table 5.10—Share of crop used as feed 1996 

Crop 
Share of Crop 
Used as Feed  Crop 

Share of Crop 
Used as Feed  Crop 

Share of Crop 
Used as Feed 

Sorghum  99  Soybeans  39  Peanuts 8 
Field corn  76  Sunflowers  27  Sweetpotatoes 4 

Oats  64  Wheat 23  Potatoes 1 
Barley  57  Rice 9  All other crops 0 

Rye  45       

Source: USDA NASS various years a. 

 

 Crop type indicators may also capture exposure effects.  For example, root crops 

and leafy green crops have different propensities to retain residues.  The crop type 

variables tested in Chapter 6 will reflect in part whether registration standards vary 

across crop groups.   

 

5.2.4 Other Crop Factors 

Lobbying by growers of certain crops or in certain regions may affect EPA 

registration standards.  Growers may also cause the IR-4 program to undertake more 

registration projects that benefit the crop.  Lobbying by people concerned about 

pesticide safety on certain crops may also influence the EPA. 

A crop characteristic that is both available and interesting is the share of the 

crop grown in California.  Pesticide registrations for crops grown primarily in 

California are likely to face higher state-level safety standards because of the strong 

environmental movement in the state.  But the state also has a well developed 

agricultural industry which may influence registration standards as well.  Table 5.11 

presents the share of each crop grown in California, which will be used in Chapter 6 to 
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test whether this California effect has a positive or negative effect on registration 

outcomes. 

 

Table 5.11—Share of crop grown in California 

Crop 
Share Grown in 

California  Crop 
Share Grown in 

California  Crop 
Share Grown in 

California 

Ginger 0  Wheat  0  Honeydew  76 
Taro 0  Field Corn  2  Lemons  81 

Macadamias 0  Barley  3  Peaches  83 
Mint 0  Potatoes  3  Cauliflower  84 
Hazelnut 0  Sweet corn  4  Strawberries  84 

Endive 0  Beans  8  Tomatoes  86 
Cranberries 0  Cherries 9  Avocados  90 
Papayas 0  Apples 9  Celery 90 

Eggplants 0  Grapefruit 12  Grapes 90 
Pecans 0  Cucumbers 13  Prunes 92 
Hops 0  Sweetpotatoes 15  Broccoli 93 

Rye 0  Cabbage 15  Apricots 95 
Beets 0  Mushrooms 17  Pistachios 100 
Limes 0  Watermelons 17  Figs 100 

Tangelos 0  Rice 22  Dates 100 
Sunflowers 0  Oranges 24  Brussels Sprouts 100 
Sorghum 0  Spinach  26  Walnuts  100 

Peanuts 0  Onions  26  Kiwis  100 
Oats 0  Tangerines  32  Almonds  100 
Coffee 0  Pears  37  Artichokes  100 

Soybeans 0  Asparagus  38  Plums  100 
Pineapples 0  Peppers  46  Olives  100 
Bananas 0  Cantaloupes  59  Nectarines  100 

Sugarcane 0  Carrots 59  Garlic  100 
Sugarbeets 0  Lettuce  75    

Source: USDA Mann Library 1996. 

 

 Another indicator of crop grower organization is grower success at obtaining 

IR-4 subsidized registrations.  The IR-4 program undertakes testing requirements to aid 

registration of pesticides for minor uses.  IR-4 accepts requests from farmers, grower 

groups, and state departments of agriculture then prioritizes them based on the severity 

of need, cost of tests required, and resources available.  IR-4 priorities are also 

responsive to lobbying by grower organizations (Baron 1995).  Well organized grower 
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groups can obtain more attention from the IR-4 program by submitting more frequent 

and better quality requests.   

 The success of grower groups at lobbying IR-4 is reflected by the number of IR-

4 projects that benefit the crop.  Table 5.12 presents the number of all projects 

completed by IR-4 for any type of pesticide on each crop (as of fall 1999).  Because all 

types and all periods are included, the number does not determine whether any 

particular crop and pesticide combination is registered, it only measures the amount of 

attention a crop has gotten from IR-4 relative to other crops.  Also, because all types of 

IR-4 registrations, for all types of pest problems are included, the IR-4 variable will not 

be highly correlated with the severity of a crop’s weed or insect problems.  It will 

reflect how successfully grower groups have lobbied IR-4.  Its impact on registrations 

will reflect the return to lobbying in terms of additional registrations received compared 

to other crops. 
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Table 5.12—Number of IR-4 registration studies undertaken 
Crop Registrations  Crop Registrations  Crop Registrations 
Barley 0  Oranges 3  Celery 6 

Oats 0  Sweet corn 3  Cucumbers 6 

Rye 0  Tangelos 3  Lettuce 6 

Wheat 0  Walnuts 3  Pears 6 

Ginger 1  Almonds 4  Pistachios 6 

Olives 1  Apples 4  Strawberries 6 

Peanuts 1  Grapes 4  Watermelons 6 

Pineapples 1  Nectarines 4  Broccoli 7 

Sorghum 1  Pecans 4  Carrots 7 

Sugar beets 1  Plums 4  Cherries 7 

Bananas 2  Prunes 4  Hops 7 

Coffee 2  Rice 4  Kiwis 7 

Corn, field 2  Taro 4  Eggplant 8 

Dates 2  Beans 5  Onions 8 

Figs 2  Endive 5  Peaches 8 

Hazelnut 2  Garlic 5  Peppers 8 

Sugarcane 2  Macadamias 5  Mushrooms 9 

Sunflowers 2  Potatoes 5  Papayas 9 

Tangerines 2  Soybeans 5  Sweet potatoes 11 

Apricots 3  Spinach 5  Cranberries 12 

Beets 3  Tomatoes 5  Cauliflower 13 

Grapefruit 3  Artichokes 6  Mint 14 

Honeydew 3  Avocados 6  Cabbage 16 

Lemons 3  Brussels sprouts 6  Asparagus 18 

Limes 3  Cantaloupes 6    

Source: IR-4 1999. 

 

5.3 Pesticide Characteristics 

The model presented in Chapter 4 identified pesticide variables that may 

determine registration outcomes.  These were measurements of effectiveness (ei), safety 

(si), age (ait), scale of production (qi), patent protection (pit), exposure potential (di), and 

other policy factors (γit).  This section describes the specific pesticide characteristics 

used to proxy for these variables (sources are listed in Table 6.5).  After discussing the 

sources of pesticide characteristics in Section 5.3.1, Section 5.3.2 summarizes pesticide 

effectiveness data, Section 5.3.3 presents pesticide safety and exposure characteristics, 

Section 5.3.4 presents the economies of scale data, Section 5.3.5 presents patent data, 
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and Section 5.3.6 presents other policy factors.  The policy factors section includes 

some pesticide characteristics such as age that may reflect not only EPA policies but 

also pesticide effectiveness or safety. 

 

5.3.1 Sources of Pesticide Characteristics 

EPA registers pesticides of many kinds including (listed in descending order of 

the number of products) insecticides, herbicides, fungicides, disinfectants, algaecides, 

insect and animal repellents, growth regulators, and animal poisons.  For manageability 

this research encompasses only herbicides and insecticides, the most commonly used 

pesticides on food crops.  Fumigant herbicides and insecticides were not included 

because they have very different characteristics. 

EPA registration data were searched to find all pesticide products registered for 

the 74 crops chosen for analysis.  Of the products found, only those registered as 

herbicides or insecticides were included.  All active ingredients in those products were 

listed and identified.  Because many products are registered for multiple uses, such as 

insecticide and fungicide combined, non-herbicide or insecticide active ingredients had 

to be identified and removed.  Many non-pesticide ingredients, such as solvents and 

preservatives, are included in the active ingredient lists and also had to be identified and 

removed from the data. 

In most cases, active ingredients had clear and well established uses and could 

be classified as either an herbicide or insecticide (and included) or another type of 

chemical (and dropped).  In a few cases, ingredients in herbicides and insecticides have 
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dual purposes.  For example, petroleum products have insecticidal properties but are 

used more often as solvents.  The following rule was used to identify the purpose of 

such chemicals.  If the chemical ever appeared as the sole active ingredient in an 

herbicide or insecticide product, then it was considered to have that effect.  If it never 

appeared as the sole active ingredient in any product, it was considered an inert and 

dropped. 

For example, cottonseed oil, which can be a pesticide or a solvent, appeared in 

products that were registered as insecticides, but it never appeared alone as the sole 

active ingredient in an insecticide.  It was therefore not included as an insecticide active 

ingredient.  Soybean oil on the other hand appeared as the sole active ingredient in 

insecticide products and was included as an insecticide active ingredient. 

Miticide/insecticide active ingredients were categorized by the same rule.  If a 

miticide was clearly classified by a source as an insecticide as well as miticide, or if it 

appeared as the sole active ingredient in an insecticide, then it was kept.  Miticides that 

were not listed in sources as insecticides (although they may appear in products listed 

as dual use: insecticide/miticide) or never appeared as the sole ingredient in an 

insecticide, were dropped.   

Insect growth regulators were included as insecticides.  Phermone-attractants 

were not included because they do not kill insects and they have significantly different 

modes of action. 

Many active ingredients are very similar to other ones making it questionable 

whether the two very similar active ingredients should be counted separately.  The most 
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common case is active ingredients that are purified isomeric compounds of other active 

ingredients.  The extreme example is the 22 different isomers of 2,4-D that are 

registered in the years and on the crops covered by this study.  The EPA determines on 

a case by case basis whether a purified isomeric compound is a new active ingredient or 

only a new formulation of the existing active ingredient form (EPA 1999b).  The EPA 

considers an isomeric compound to be an independent active ingredient if it has safety 

or effectiveness characteristics that differ from the original active ingredient.  Although 

it is often difficult to determine what difference caused the EPA to create a new active 

ingredient for an isomer of an existing active ingredient, the EPA decision is used in 

this study.  New formulations do not appear as independent observations while new 

active ingredients do. 

All active ingredients that met these criteria were included in the data set.  They 

each are assumed to provide farmers with additional pest control possibilities.  

Characteristics for each of these herbicides and insecticides were gathered to describe 

the benefits and risks each active ingredient provides.  

 

5.3.2 Pesticide Effectiveness 

The model presented in Chapter 4 indicates that the revenues a pesticide firm 

can earn from a registration will be higher if the pesticide is more effective at 

controlling pests.  Effectiveness (ei) is generally measured by a rating of the proportion 

of a population of pests killed by a given dose.  But pest killing is very situation 

specific (Lichtenberg and Zilberman 1986; Blackwell and Pagoulatos 1992).  A 
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pesticide may be extremely effective under some crop, location, pest density, or 

weather conditions but ineffective in others.  Data that would rate pesticide 

effectiveness in all conditions are not available.  What are available are indices of the 

number of pests controlled, the length of time pest control lasts, and, for insecticides, 

bee toxicity. 

The range of pests controlled by a pesticide will affect revenues in two ways.  

Pesticides that control a wide range of pests are applicable in a greater variety of 

situations thus increasing potential revenues.  They also benefit farmers by controlling 

multiple pests with a single application, reducing  application costs.  Pesticides that 

control a very narrow selection of pests may also be valuable to farmers.  By damaging 

only particular pests they enable farmers to preserve beneficial insects that may prevent 

outbreaks of other pests.  Targeted pesticides are an important part of integrated pest 

management, an approach to pest control that can reduce the total number of pesticide 

applications that are necessary. 

The range of pests controlled is provided on pesticide labels.  Pesticide 

registrants list pests controlled on their labels to assure farmers that the pesticide will 

control those pests.  Although the EPA usually does not tests the effectiveness of 

agricultural pesticides, exaggeration is dissuaded by the potential for crop damage 

lawsuits from farmers who follow label directions exactly and do not get the range of 

control expected.  A count of the total number of pests listed on at least one of the 

labels of products containing exclusively the active ingredient under consideration is 

used here as a measurement of the range of pests controlled.  
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The number of pests controlled for the 245 pesticides included in this study 

ranges from highly selective pesticides that control just one pest, such as certain strains 

of bacillus thuringiensis, to extremely broad spectrum ones that control hundreds of 

individual pests, such as carbaryl.  Figures 5.3 and 5.4 show the distribution of 

herbicide and insecticide active ingredients by ranges of the number of pests controlled. 
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 Another measurement of pesticide effectiveness is the length of time a pesticide 

continues to control pests.  The period of control is highest for pesticides that remain 

where they are applied and take a long time to break down to less toxic components.  

The propensity for a pesticide to move with water from the location where it was 

applied is called mobility.  The time it takes for a pesticide to break down to harmless 

compounds is called persistence.  Both mobility and persistence are also important 

ratings of a pesticide’s safety.   
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Mobile pesticides are those that do not bond well with carbon in soil and that 

are water soluble.  Such pesticides are more likely to leach rapidly away from the crop 

into lakes and streams.  Highly mobile pesticides are generally inferior pesticides 

because they do not remain where they are applied.  They are also less safe because 

they move through the environment increasing potential exposure.  Pesticide mobility is 

rated using a groundwater ubiquity score (GUS) that is calculated as GUS = log10(half-

life)*[4-log10(KoC)], where KoC is sorption coefficient, a rating of water solubility 

(Vogue, Kerle, and Jenkins 1994; Doxtader and Croissant 1992).  GUS scores are 

categorized from 1 to 5, where 1 indicates very highly mobile (GUS score above 4) and 

5 indicates very low mobility (GUS score below 1).  The distributions of herbicides and 

insecticides by mobility rating are presented in Figures 5.5 and 5.6. 
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Persistent pesticides are those that take a long time to break down into harmless 

components.  Persistence is desirable because it increases the period of pest control, but 
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it is also undesirable because it increases the amount of time that a pesticide can come 

in contact with people and environmental resources.  Persistent pesticides may also 

accumulate either in the environment or in the bodies of people or animals, becoming 

more concentrated and dangerous.  The pesticide persistence rating varies from 1, 

indicating persistent (more than 100 days), to 3, for non-persistent (less than 30 days).  

Figures 5.7 and 5.8 present the distributions of herbicide and insecticide active 

ingredients by their persistence ratings. 
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The last available pesticide effectiveness rating is toxicity to bees (the bee safety 

rating is presented in greater detail in the next section).  Bee toxicity is measured 

because honeybees are a valuable environmental resource as well as being important to 

agricultural production.  The EPA and farmers prefer pesticides that do not damage 

honeybees, but, because bees are similar to insect pests, bee toxicity may be positively 

correlated with insect control effectiveness.  For insecticides it will be interesting to 
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find whether effectiveness at controlling insect pests will dominate market and EPA 

selection against pesticides that damage bees.   

 

5.3.3 Pesticide Safety and Exposure 

 Pesticide safety (si) and exposure (di) are likely to be very important 

determinants of registration probability.  The EPA’s purpose is to reduce pesticide 

hazards.  It does so by setting standards that pesticides must meet before gaining access 

to crop markets.  Pesticides with the potential to be most dangerous require the greatest 

amount of testing to demonstrate adequate safety.  Demonstrating safety is costly and 

the EPA intends that cost to rise with the intrinsic risk of a pesticide, making 

registration less likely as safety declines.  If the agency successfully applies these 

standards then registration outcomes should reflect the EPA’s stated safety standards 

and priorities.  

Pesticide hazard to people and the environment is a function of the pesticide’s 

toxicity and its exposure potential.  Other characteristics such as whether the pesticide 

is a synthetic chemical or a naturally occurring substance, or the pesticide’s age may 

matter as well.  Toxicity is the extent of damage a substance causes to a certain organ or 

physiological process.  Exposure potential measures the propensity of a substance to 

come in contact with people or other environmental resources. 

Toxicity.  Toxic effects can take two forms depending on how quickly they 

appear.  Acute toxicity describes effects that occur immediately after exposure.  Acute 

effects are classified by their physiological route of exposure, oral, dermal, inhalation, 
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or eye contact.  Damage via each route is measured by the size of the dose that will kill 

half of a population of test animals (the 50 percent lethal dose, or LD50), the smallest 

dose that causes a detectable effect (the lowest observed effect level, or LOEL), and the 

largest dose that had no effect (the no observed effect level, or NOEL).  The people 

most at risk for acute pesticide damage are agricultural workers. 

Pesticide risk characteristics are all measured as increasing in safety.  They are 

therefore here referred to as safety ratings.  Acute safety ratings are determined by 

exposing test animals to the chemical to determine the LD50, NOEL, and LOEL.  

These are used to classify each pesticide on a scale of 1 to 4 on oral, dermal, eye, and 

inhalation toxicity.  A rating of 1 indicates very highly toxic and 4 indicates practically 

non-toxic.  Figures 5.9 through 5.16 show the distribution of pesticides by oral, dermal, 

eye, and inhalation rating.   
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Chronic toxicity describes effects caused by doses too low to cause acute effects 

but that if repeated over long periods of time cause damage.  Chronic effects are 

classified by the physiologic process they damage, including reproduction, 

development, neurological, carcinogenicity, and functioning of organs.  Damage to 

each process is more complicated to measure because in addition to route and dosage, 

the rate and period of exposure are variable.  Damage is measured using LD50s, 

LOELs, and NOELs as well as information about the frequency of exposure and the 

length of time over which exposure occurred.  Both farm workers and food consumers 

are potentially at risk from chronic effects. 

Chronic risk from pesticides is determined primarily from long term animal 

feeding studies.  EPA determines a limit of daily ingestion of a pesticide that is 

considered safe, called a reference dose (RfD), based on as many reliable animal LOEL 

and NOEL estimates as the agency can obtain.  Higher limits indicate less toxic 
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substances.  Figures 5.17 and 5.18 show the distribution of herbicides and insecticides 

by reference dose.   
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The EPA also classifies each pesticide by its potential to cause cancer.  Group A 

pesticides are known human carcinogens, group B1 are probably human carcinogens 

based on laboratory and epidemiological studies, group B2 are probably human 

carcinogens based on laboratory studies, group C are possible human carcinogens, 

group D are chemicals not classifiable as human carcinogens, and group E pesticides 

have shown evidence of non-carcinogenicity.  For this study the ratings are re-coded 1 

through 6 with 1 being group A and 6 being group E pesticides.  The distributions of 

registered herbicides and insecticides by carcinogenicity rating are presented in Figures 

5.19 and 5.20.  There are no registered pesticides with carcinogenicity ratings below 3, 

and very few below 5. 
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Pesticides are also rated by their expected acute toxicity to wildlife.  The three 

most commonly available ratings are bee, bird, and fish acute safety.  These are 

estimated using honeybees and several types of birds and fish.  Pesticides are rated 

from 1 (highly toxic) to 4 (practically non-toxic) based on estimates of LD50s from 

toxicity studies on the species in question.  Chronic safety to environmental resources is 

also important but consistent ratings are not available. 

Most herbicides are practically nontoxic to honeybees (Figure 5.21) but about 

40 percent of registered insecticides are highly toxic to honeybees (Figure 5.22).  As 

discussed in the previous section, this is not surprising because of the similarity 

between insect pests and honeybees.  While there may exist insecticides that very 

effectively control insect pests without damaging bees, there are many that are not so 

selective.  For those that are not as selective, toxicity to honeybees may be positively 

correlated with effectiveness at controlling pests.   
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Most herbicides are practically non-toxic to birds, and none are highly toxic to 

them (Figure 5.23).  Over one-quarter of registered insecticides are highly toxic to birds 

(Figure 5.24).  Most herbicides are practically non-toxic to fish (Figure 5.25).  Almost 

half of all insecticides are highly toxic to fish (Figure 5.26). 
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 The bimodal distribution of many of the insecticide safety ratings reflect the two 

types of pesticides, chemical and non-chemical.  Non-chemical pesticides are much 

safer than chemical ones.  The non-chemical insecticides also tend to be those that 

control a highly selective range of pests (Figure 5.4). 

Exposure.  A pesticide’s exposure to people and the environment is also an 

important factor in safety.  Exposure to people and the environment depends on a 

combination of the pesticide’s persistence and mobility, subjects discussed in the 

previous section because they also determine pesticide effectiveness.  Because the EPA 

would like to reduce exposure, the agency is likely to require greater safety testing for 

pesticides that are persistent and mobile.  Persistence is therefore desirable to pesticide 

users but undesirable to the EPA, and the net effect on pesticide registration will be an 

interesting test of the EPA’s ability to regulate against a characteristic that is valuable to 
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pesticide users.  Mobility is not desirable to farmers or to the EPA, except in the special 

case of controlling some soil-borne insects where mobility benefits farmers. 

Another measurement of exposure is the total amount of a pesticide released 

into the environment in all uses, agricultural, industrial, and household.  Some 

pesticides have very high combined sales in all uses.  Because the public and the 

environment are likely to experience higher exposure to such commonly used 

chemicals, EPA may monitor them more carefully for safety.  Working against EPA’s 

effort to restrict such high-use pesticides is that, for manufacturers, a pesticide produced 

in great quantities may offer economies of scale in production (scale of production data 

are presented in Section 5.3.4).  The net effect of economies of scale in production and 

higher safety testing costs at registration on the final registration outcomes for high-use 

pesticides will be assessed empirically in Chapter 6. 

As discussed in Section 5.2.3 pesticide exposure to food consumers depends on 

the dietary importance of a crop.  In order to restrict exposure, the EPA may set higher 

registration testing standards for pesticide registrations on crops that are consumed 

intensively by the American public.  But crops consumed intensively are likely to 

provide registrants with higher pesticide revenues.  The net effect of per capita crop 

consumption on pesticide registration is another test of whether the EPA responds to 

public concern for safety and imposes rules that affect registration outcomes even in 

cases where the market is working against the agency. 
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5.3.4 Pesticide Scale of Production 

Pesticide active ingredients may differ in their scale of production (qi).  Some 

pesticides have combined sales in agricultural, industrial, and household uses that are 

very large and may provide economies of scale that reduce per-unit production cost 

(Figures 5.27 and 5.28).  This may increase net revenues increasing the number of 

markets where registration will be profitable.  Pesticides produced in great quantities 

may also face higher safety testing requirements by the EPA.  The net effect of 

economies of scale in production, and increased registration standards for high-use 

pesticides on registration outcomes, is another empirical matter to be considered in 

Chapter 6.   
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5.3.5 Pesticide Patent Protection 

 Patents last for 17 years, though some of those years are lost by the registration 

process.  The period of patent protection typically begins before the patent holder 

undertakes the EPA’s registration process.  The number of years that remain after the 

registration is obtained has declined as the average amount of time required to obtain a 

registration has increased. 

 Grabowski and Viscusi (1984) showed that the number of years available for 

firms to sell their pesticides under patent after EPA registration is complete fell from 15 

years in the early 1970s to 12 years in the late 1970s and early 1980s.  The National 

Agricultural Chemicals Association (NACA 1986) found that the effective patent life of 

pesticides registered in the mid 1980s had fallen to 10 years.   

While a pesticide is patented, patent holders facing inelastic demand can 

increase profits by increasing price.  This can compensate the firm for the fixed costs of 

developing and registering the pesticide.  After the patent expires the price may fall as 

other firms begin producing the pesticide.  The other firms will benefit from the testing 

and registration data that the patent holder developed.   

 About 37 percent of both herbicides and insecticides included in this study were 

less than 17 years old in 1999.  In 1991 44 percent of herbicides and 36 percent of 

insecticides were less than 17 years old.  The decline in the share of herbicides that are 

patent protected may have had an effect on herbicide registrations. 
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5.3.6 Other Pesticide Characteristics 

Pesticide characteristics other than toxicity and exposure may also affect 

pesticide registration.  These characteristics, which include the type and age of 

pesticides, affect the way pesticides are regulated by the EPA.  They may be correlated 

with effectiveness and safety characteristics, but they may also reflect other influences 

on EPA registration decisions.  

Non-chemical pesticides are commonly believed to be safer than synthetic 

chemicals.  This is particularly the case when comparing two pesticides of equal safety 

ratings.  The non-chemical will be perceived to have the added, though not necessarily 

legitimate, safety characteristic of being a natural substance.  Non-chemical status 

reduces perceived damage, reduces the likelihood that citizens complain, and may 

result in lower EPA safety standards.  

The share of fully registered active ingredients that are synthetic chemicals and 

are registered for the 74 crops decreased slightly between 1991 and 1999 (Table 5.13).  

The number of non-chemical active ingredients has increased, especially bacterial 

insecticides. 
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Table 5.13—Number of herbicide and insecticide active ingredients registered for 74 
crops, total and by type 

Pesticide Type 1991 1995 1999 
Herbicides 86 96 117 
 Fungal 1 2 2 
 Inorganic 1 1 2 
 Organic arsenical 1 2 2 
 Soap 0 0 1 
 Synthetic chemical 83 91 110 
    
Insecticides 66 83 79 
 Bacterial 3 13 16 
 Botanical 7 8 9 
 Inorganic 1 2 1 
 Oil 3 2 3 
 Soap 3 3 2 
 Synthetic chemical 48 49 44 
 Viral 1 6 4 

Sources: C&P Press, Inc. various years; EPA various years a and c; EXTOXNET various years; Meister 
1996; Ware 1994. 

Note: 1997 data were consistent with 1995-1999 trend implied by these data. 

 

 Pesticides are also categorized by their chemical or non-chemical family of 

substances.  For example, organophosphates are a family of chemicals with similar 

properties and potentially cumulative health effects.  The herbicides included in this 

research are members of 38 different families.  As an alternative to having so many 

explanatory variables, 13 more aggregated family groups are also available.  

Insecticides can be categorized into 23 specific families which can be aggregated to 11 

aggregate families. 

 Both herbicides and insecticides are further categorized by their different modes 

of action against pests (Boerboom 1999).  There are between 9 and 18 herbicide modes 

(depending on source) and 12 insecticide modes.  These categories identify pesticides 
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that attack a particular physical process, such as inhibition of cell division in herbicides 

or Nerve/GABA blockers in insecticides.  The mode of control may affect both 

effectiveness and safety implications.  Some modes of control are more effective than 

others, either because one is innately better or because one has lost effectiveness 

because of pest resistance.  Safety may also depend on modes of control because 

humans or the environment may be particularly at risk from cumulative exposure to 

chemicals with a similar mode of action. 

Pesticide age may also affect pesticide registration.  The newest pesticides may 

have risks that are not yet known, but they were developed under the latest, and likely 

most stringent, regulatory environment.  Older pesticides may have been developed 

when standards were less stringent and tests were not well developed, but they have had 

more time to demonstrate their safety.  Re-registration requirements are an effort by the 

EPA to remove less safe, older pesticides from the market.  It is likely that the cost of 

safety testing is very high for new pesticides, then decline in the early years as test 

results accumulate, then rises for older pesticides that may not meet the latest standards.   

 

5.4 Trends in the Stock of Registered Pesticides 

Previous sections summarized the characteristics of all herbicides and 

insecticides available to food and feed crops.  Here, registration data are used to 

characterize the pesticides actually registered for particular crops in 1991, 1995, and 

1999.   
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Pesticide availability by crop.  Tables 5.14 and 5.15 present the number of 

pesticides registered for the 74 crops included in this study in 1991, 1995, and 1999.  In 

general, crops have a greater number of insecticides than herbicides available.  The 

number of registered herbicide and insecticide active ingredients rose between 1991 

and 1999 for all of the 74 crops included in this study.  Between 1995 and 1999 only 

sugarcane experienced a decline in the number of herbicides or insecticides registered. 

 

Table 5.14—Number of herbicides registered by crop 
Crop 1991 1995 1999  Crop 1991 1995 1999  Crop 1991 1995 1999 
Ginger 0 1 1  Carrots 5 6 8  Pecans 2 9 13 

Dates 0 3 3  Celery 5 5 8  Plums 2 7 13 
Hops 0 2 3  Cucumbers 4 7 8  Potatoes 7 11 13 
Figs 1 4 4  Mint 2 4 8  Prunes 2 7 13 

Kiwis 1 4 4  Sweetpotato 3 4 8  Tangelos 2 8 13 
Mushrooms 0 1 4  Watermelon 4 7 8  Tangerines 2 9 13 
Papayas 1 4 4  Tomatoes 6 6 9  Asparagus 6 11 14 

Coffee 3 4 5  Avocados 2 5 10  Cherries 3 8 14 
Taro 0 2 5  Garlic 6 10 11  Nectarines 2 8 14 
Artichokes 1 4 6  Grapes 3 9 11  Oranges 3 11 14 

Beets 3 4 6  Pineapples 5 8 11  Apples 5 10 15 
Brussels Sprt 1 3 6  Strawberries 5 8 11  Peaches 5 10 15 
Cauliflower 3 4 6  Almonds 2 7 12  Sugarbeets 9 13 17 

Peppers 4 4 6  Apricots 2 7 12  Peanuts 8 13 19 
Broccoli 3 4 7  Beans 6 7 12  Rye 19 15 20 
Cabbage 3 5 7  Hazelnut 6 9 12  Sugarcane 19 22 21 

Cantaloupes 4 7 7  Macadamias 3 8 12  Corn, Sweet 19 19 28 
Cranberries 0 2 7  Olives 3 8 12  Rice 23 23 28 
Eggplants 2 4 7  Onions 5 9 12  Sorghum 20 21 28 

Endive 1 3 7  Pistachios 2 7 12  Oats 25 25 32 
Honeydew 2 5 7  Walnuts 2 8 12  Barley 34 31 39 
Lettuce 3 4 7  Grapefruit 5 10 13  Soybeans 26 33 45 

Spinach 4 4 7  Lemons 3 11 13  Wheat 38 37 47 
Sunflowers 4 5 7  Limes 2 9 13  Corn, Field 32 38 53 
Bananas 1 5 8  Pears 2 8 13      
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Table 5.15—Number of insecticides registered by crop 
Crop 1991 1995 1999  Crop 1991 1995 1999  Crop 1991 1995 1999 
Coffee 3 5 6  Artichokes 21 26 33  Watermelon 31 36 41 

Ginger 4 6 10  Carrots 25 29 33  Cucumbers 32 32 42 
Sugarcane 10 14 13  Peanuts 24 31 33  Eggplants 29 30 42 
Bananas 7 13 18  Sweetpotato 19 26 33  Pecans 30 38 42 

Dates 8 12 18  Asparagus 23 29 34  Tangerines 33 38 42 
Mushrooms 15 18 19  Beets 22 28 34  Corn, Sweet 35 41 43 
Papayas 11 15 19  Hazelnut 23 30 34  Limes 32 37 43 

Kiwis 5 13 20  Endive 21 31 35  Peaches 34 39 43 
Rye 12 19 20  Sorghum 26 32 35  Brussels Spr 28 38 44 
Figs 9 15 21  Apricots 24 31 36  Apples 37 43 45 

Oats 15 21 22  Prunes 28 34 37  Tangelos 33 37 45 
Pineapples 11 16 22  Nectarines 27 34 38  Corn, Field 31 43 46 
Hops 10 16 23  Onions 25 36 38  Peppers 33 44 46 

Taro 13 19 23  Strawberries 28 31 38  Soybeans 31 40 46 
Olives 17 20 24  Spinach 25 29 39  Broccoli 29 43 47 
Pistachios 17 23 24  Sugarbeets 22 33 39  Grapefruit 37 41 47 

Rice 14 18 24  Walnuts 28 39 39  Pears 38 44 47 
Avocados 16 20 25  Grapes 29 36 40  Cabbage 33 47 48 
Mint 10 18 25  Plums 32 38 40  Cauliflower 30 42 48 

Barley 17 24 26  Almonds 27 37 41  Lemons 37 41 48 
Sunflowers 14 25 28  Beans 36 40 41  Oranges 37 41 48 
Macadamias 17 22 29  Cantaloupes 31 36 41  Lettuce 32 46 49 

Cranberries 21 25 30  Celery 29 41 41  Potatoes 35 49 51 
Garlic 16 25 30  Cherries 34 38 41  Tomatoes 34 32 51 
Wheat 19 32 32  Honeydew 30 34 41      

 

 

The available number of both herbicides and insecticides increases as a crop’s 

national value increases.  Figures 5.29 and 5.30 present the number of herbicides and 

insecticides available by crop in relation to the log of crop value.  The trend line in both 

figures demonstrates the positive relationship between national crop value and the 

number of pesticides registered, though its slope would decline somewhat if the four 

largest crops were removed.  It is clear that, although national crop value is a 

determinant of the number of pesticides registered, it alone does not explain the wide 

variation across crops.  Exploring other factors is the topic of Chapter 6. 
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Figure 5.29—Number of herbicide active ingredients by crop, in order of log of crop 
national value, 1999 
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Figure 5.30—Number of insecticide active ingredients by crop, in order of log of crop 
national value, 1999 
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 Pesticide availability by crop value group.  The 74 crops included in this study 

are divided into 5 crop value groups to summarize the number of pesticides available 

and, in the next section, their characteristics across crops of similar national value.  The 

groups are based on real average national crop value 1986-1997 (Table 5.16).  Group 1 

includes 24 crops with average annual national values of less than $100 million, group 

2 includes 29 crops with average annual national values between $100 million and $500 

million, group 3 includes 7 crops with average annual national values between $500 

million and $1 billion, group 4 includes 11 crops with average annual national values 

between $1 billion and $3 billion, and group 5 includes 3 crops with average annual 

national values above $8 billion. 

 

Table 5.16—Crop value group members 

  Mean National Value  
Median National 

Value 
Crop Group Members 1991 1999  1991 1999 
 (listed in order of increasing value) (Million 1995 dollars) 
       
Group 1 Taro, bananas, ginger, beets, coffee, limes, 

endives, papayas, kiwis, Brussels sprouts, 
eggplant, figs, dates, hazelnuts, tangelos, rye, 
macadamias, apricots, artichokes, olives, spinach, 
honeydew, tangerines, nectarines 

36 33  23 20 

Group 2 Pineapples, plums, garlic, hops, pistachios, mint, 
asparagus, sweet potatoes, prunes, cauliflower, 
cranberries, cherries, pecans, watermelons, 
avocados, celery, cabbage, lemons, pears, 
cucumbers, cantaloupes, walnuts, broccoli, carrots, 
sunflower, grapefruit, peaches, oats, peppers 

258 262  252 259 

Group 3 Sweet corn, onions, mushrooms, strawberries, 
almonds, beans, sugarcane 

746 848  713 776 

Group 4 Barley, sugar-beets, peanuts, rice, lettuce, 
sorghum, apples, oranges, tomatoes, grapes, 
potatoes 

1,626 1,570  1,427 1,555 

Group 5 Wheat, soybeans, field corn 13,717 15,266  13,854 15,180 
Note: National value for each year listed is the average of the preceding 5 years. 
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 As expected, the number of pesticides available increases as average national 

crop value increases (Table 5.17).  This relationship is clearest for herbicides but it 

exists in the insecticide data as well.  The field crops that make up the largest value 

crops have the largest number of herbicides available.  The fruits and vegetables that 

dominate the smaller value groups have few herbicide options but have insecticide 

options that are on average only slightly fewer than the large value crops.  The number 

of registered pesticides increased over time for all crop value groups. 

 

Table 5.17—Average number of active ingredients by crop value group 
 Herbicides  Insecticides 

Crop Value Group 1991 1995 1999  1991 1995 1999 

<$100 M 2.6 5.6 8.4  18.9 24.3 29.8 
$100-500 M 4.0 7.2 10.6  25.6 32.6 36.8 
$500 M-1 B 8.0 10.4 14.3  25.1 31.0 33.3 
$1-3 B 11.0 13.8 18.2  27.9 35.0 40.1 
$5+ B 32.0 36.0 48.3  27.0 38.3 41.3 

Notes: M is million; B is billion. 

 

 Pesticide availability: minor versus major use.  Minor use sites are crops 

and/or pest problems that do not generate enough pesticide sales revenue to induce 

pesticide registrants to register adequate numbers of pesticide.  The EPA defines minor 

uses as crops grown on less than 300,000 acres or pest problems that are so uncommon 

that they are unlikely to result in revenues above the cost of pesticide registration  (EPA 

OPP 2000).  By this definition all but 22 of the 74 crops included in this study are 

minor crops.   
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 The number of herbicides available for minor crops is much lower than for other 

crops (Table 5.18).  Minor crops have only slightly fewer insecticides available.  

Chapter 6 will explore whether these differences are best explained by crop value, 

minor/major crop status, or other crop and pesticide characteristics. 

 

Table 5.18—Average active ingredient registrations by minor/major crop status 
 Herbicides  Insecticides 

Crop Value Group 1991 1995 1999  1991 1995 1999 

Minor crop 2.6 5.9 8.9  22.9 29.0 33.9 
Major crop 13.8 16.3 21.7  25.7 33.2 36.9 
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6. EMPIRICAL MODEL, ESTIMATION PROCEDURE, AND RESULTS 

 

This chapter presents empirical tests to find the market and regulatory factors 

that determined crop-specific pesticide registrations in the 1990s.  The chapter begins 

with a summary of the factors expected to affect registration outcomes, then presents an 

empirical model used to test the theoretical model.  The third section summarizes the 

final data sets and describes the estimation procedures and problems.  The fourth 

section presents results. 

 

6.1 Determinants of Pesticide Registration Outcomes 

Registration outcomes are observable stocks and flows of registrations that 

reflect the pesticide registration decisions firms make after considering market 

conditions and EPA registration standards.  Market conditions determine the revenue-

potential of a registration opportunity.  EPA policies determine registration standards 

which firms must meet to begin or to continue selling their pesticides in crop markets.  

Setting and enforcing registration standards is EPA’s most important tool for 

controlling what pesticides are available to farmers.  If EPA sets effective registration 

standards, then registration outcomes should reflect the agency’s goals of promoting 

safety while minimizing the agency’s negative impact on pesticide availability.   

Three types of registration outcomes are included in this study.  The first is the 

existence or non-existence of a registration for a pesticide on a crop in a given year.  

Positive outcomes make up the stock of registered pesticides available to crop markets 
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at the time.  They reflect a firm’s decision that the pesticide’s revenue in that market 

exceeds the cost of obtaining or maintaining the registration.  

The other two events are flows of registrations.  New pesticide registrations that 

appear over a period reflect a decision by a firm that revenues they will earn by selling 

a pesticide in a market will exceed the cost of market entry.  Satisfying EPA’s 

registration requirements is a major financial hurdle that often prevents pesticide firms 

from obtaining registrations. 

The second flow of registrations examined is registrations withdrawn over a 

period.  Registrations that are withdrawn reflect decisions by firms to abandon a crop’s 

pesticide market because revenues are no longer believed to exceed registration 

maintenance costs.  In some cases it may also reflect a firm’s decision not to undertake 

the costs required to maintain a pesticide that is under EPA special review.   

A firm may withdraw a pesticide because its sales have declined, perhaps 

following a decline in crop production or because the cost of maintaining the 

registration increased.  The EPA imposes registration maintenance costs when the 

agency believes that a pesticide in a particular use is unsafe or potentially unsafe.  The 

costs may include fees, additional testing, or opportunity costs caused by further 

restrictions on how the pesticide may be used.  The cost of maintaining a pesticide will 

be particularly high if the pesticide is under special review. 

The reason for estimating the determinants of both stocks and flows is that they 

may be affected differently by market and regulatory factors.  For example, safety 

characteristics may have their largest impact on market entries and exits (especially 
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those caused by EPA special reviews) because flows occur in response to the most 

current regulatory standards.  The stock of registrations may reflect older standards and 

registration decisions made long ago.   

It is important to distinguished between market effects, those that influence 

pesticide net revenues (sales revenues minus liability and production costs) directly, 

and non-market effects, those that only appear in firm profit maximization because of 

EPA registration standards.  In the terminology of Chapter 4, market effects are internal 

to firm optimization and non-market effects are external until the EPA makes them 

internal with its registration standards. 

In a sense, the market variables provide a test of the model.  It would be 

surprising to find that none of the market factors, which include crop value and 

pesticide effectiveness, have an impact on pesticide registration.  Such factors should to 

some extent determine how well a pesticide sells in a market, and therefore, whether it 

will earn enough revenues to justify market entry or maintenance.  The size of the 

impact of market variables relative to non-market variables will reflect the EPA’s 

determination to impose non-market effects. 

Non-market effects are pesticide or crop characteristics that are unlikely to 

affect pesticide profitability, and therefore registration decisions, unless the EPA 

successfully imposes costs on firms that vary as these characteristics vary.  Non-market 

variables include toxicity and exposure indicators such as pesticide reference dose and 

crop per capita consumption.  The impacts of non-market effects on registration 
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outcomes reflect the success of the EPA at implementing its mandate to protect people 

and the environment. 

The following sub-sections summarize hypotheses about the effects of variables 

on registration outcomes.  The hypotheses and questions are usually stated in terms of 

effects of variables on the stock of registration outcomes.  The effects of variables on 

the flows of new registrations have the same sign as those on stocks, and the effects of 

variables on the flows of registration withdrawals have the opposite sign.  The actual 

data used to proxy for model variables are described in Section 6.3.   

Crop characteristics.  Crop characteristics (Table 6.1) that the empirical model 

predicts should affect the revenue potential of a registration are the value of the crop’s 

sales (vjt) and the crop’s potential liability costs (ljt).  Crop characteristics that are 

involved with EPA registration standards are potential public and environmental 

exposure (djt) and policy characteristics (γt).   

The value of a pesticide’s sales in a crop-market (vjt) is proxied by the crop’s 

national value.  As crop value increases, the total amount of money that farmers will 

pay to protect their crop increases.  In the flows of registrations regressions, the change 

in crop value over the period is also a factor. 
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Table 6.1—Crop variables and their expected signs 

Model 
Variable 

Proxies 
Available 

Expected 
Marginal 
Effect on 

Profitability 

Market 
or Non-
Market 
Effect Notes and Hypotheses 

Crop national 
value 

+ M Higher national value reflects higher total 
willingness to pay for pest control. 

Change in crop 
national value 

+ M An increase in the value of a crop in the period 
before a particular year is an indication of 
rising willingness to pay for pest control. 

vj Crop 
 pesticide-
 market 
 value 

Crop type  +/− M Certain crop types are associated with greater 
need for particular types of pesticides. 

lj Crop 
 liability 
 potential 

Crop per-acre 
value 

− M Higher per-acre crop value is associated with 
higher dollar value of product liability claims. 

Crop per capita 
consumption 

− N Higher per capita consumption increases risk to 
food consumers.  There may also be an 

interaction between greater exposure and 
certain safety characteristics. 

Crop share 
used as feed 

+ N Higher share used as feed reduces perceived 
risk to food consumers. 

dj Exposure 
 potential 

Crop type +/− N Certain crops are consumed in such a way that 
exposure to residues is likely to be higher. 

Crop share 
grown in 
California 

+ N Growers in California more effective at 
demanding registration cost reduction. 

Crop number of 
IR-4 projects 

+ N Number of IR-4 projects reflects the 
productivity of crop grower group lobbying to 

influence IR-4 decisions. 

γj Policy 
 variables 

Crop type +/− N Certain types of crops face more stringent EPA 
registration standards for reasons other than 

safety and exposure. 

Note: M indicates variables that directly affect the revenues a pesticides will earn in markets.  N 
indicates variables the EPA uses to determine registration standards. 

 

If we find empirically that crop value has a positive effect on whether a 

pesticide is registered, or a negative effect on whether a pesticide is withdrawn, then we 

confirm that the number of pesticides available does depend on a crop’s pesticide-

market value as measured by crop national value.  If the impact of value on registration 
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outcomes is large, then it is an indication that there is strong market bias toward major 

crops and away from registrations for minor pesticide markets.   

The impact of recent change in crop value on flows of registrations will show 

how sensitive registration decisions are to changes in crop value.  The change variable 

measures the increase or decrease in the 5 year average leading up to the end of the year 

compared to the 5 year average leading up to the beginning of the period.  It will be 

interesting to determine whether firms aggressively enter markets that increase in value 

or rapidly withdraw their pesticides from markets that decline in value.  Or whether 

firms are insensitive to these relatively short-term changes in crop value.   

The severity of pest infestation will also affect pesticide sales in particular crop 

markets.  If two crops have approximately equal national value, but one suffers more 

from insect pests, then the insecticide market will be larger on that crop compared to 

the other.  Unfortunately there is no consistent measurement of each crop’s pest 

infestation.  These differences will be one of the crop characteristics that will appear in 

the crop-type dummies and in the regression error term.   

We may find that fruit and vegetables have and gain more insecticide 

registrations because farmers use insecticides more intensively on those crops to 

provides consumers with products free from insect damage.  Herbicides should be 

equally likely to gain registrations on all crops, after controlling for other factors such 

as crop value, because weeds are a problem for all crops. 

Pesticide registrants and the EPA assert that an important reason why pesticides 

are not registered for certain crops is fear of large liability claims (lj).  Pesticide 
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registrations on crops with particularly high per-acre value have the potential to result 

in high product liability claims if the pesticide fails to protect the crop or if it damages 

the crop.   

But per-acre value can have a positive effect on pesticide revenues as well.  

Farmers of crops with high per-acre value can be expected to purchase more pesticides 

because a localized pest outbreak has the potential to damage a greater value of the 

crop.  If liability were not a factor, we would expect crop per-acre value to have a 

positive effect on the likelihood that a pesticide is registered. 

If we find empirically that per-acre value has a considerable negative effect on 

whether a pesticide is registered on a crop then it indicates that safety regulation is not 

the only factor causing pesticides not to be available in certain crop markets.  Liability 

claims initiated by farmers are also to blame, indicating that farmers’ own actions drive 

pesticides away from their crop markets. 

Crop characteristics that concern the EPA are those that determine consumer 

exposure to pesticide residues (dj).  These include per capita consumption of a crop, 

whether the crop is primarily used as food or feed, and crop-type indicators.  EPA 

efforts to provide an extra margin of safety for crops consumed intensively by the 

American public should appear as a decline in the number of registrations for such 

crops, especially registrations of less safe pesticides. 

If we find that, after controlling for crop value, crops consumed intensively by 

the public are less likely to gain registrations, then it is an indication that the EPA 

imposes higher registration standards on those crops.  Similarly, EPA efforts to ensure 
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that food crops are particularly safe may appear as a lower probability of registration 

for crops that are used mostly as food relative to those used mostly as feed.  Certain 

specific crop types, leafy green vegetables for example, are more likely to retain 

residues and are often consumed raw.  EPA efforts to prevent exposure may appear as 

lower registration rates for certain highly disaggregated crop-type indicator variables. 

Other policy variables (γ) may influence registration outcomes as well.  These 

reflect how the EPA and state regulators respond to comments from growers, pesticide 

firms, food consumers, and environmental advocates concerning regulation of 

particular crops.  They also reflect the ability of crop grower groups to elicit support 

from the IR-4 program.  Three variables are available to measure these effects, the 

share of a crop grown in California, the amount of attention a crop has received from 

IR-4, and the crop-type indicators already introduced. 

California has particularly active grower associations, state agricultural offices, 

and consumer and environmental organizations.  If we find that crops grown mostly in 

California are more or less likely to gain or retain registrations, after controlling for 

other factors, then it indicates that lobbying activities do affect registration standards 

and their costs to firms.  The direction of the effect will indicate which groups are 

lobbying most effectively.  If crops grown mostly in California are less likely to gain 

registrations then environmental and food safety advocates will appear to be 

successfully causing EPA and California’s state environmental protection agency to 

restrict access of pesticides to those markets.  If crops grown mostly in California are 

more likely to gain registrations then grower groups are more effective. 
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If we find empirically that crops that have received particular attention from the 

IR-4 program are more likely to gain or retain registrations, then the IR-4 program 

appears to be working.  Note that the power of this test is low.  IR-4 registration 

projects occur in particular for crops that are believed to be overlooked in firm 

registration decisions.  Therefore a variable that measures IR-4 attention is also going to 

identify crops that may be ignored by pesticide firms.  A finding that the IR-4 variable 

has a negative effect on registrations is not necessarily an indication that IR-4 is 

ineffective.  Rather, it would indicate that the variable, and the IR-4 program, is very 

good at identifying crops that lack registrations.  But if the IR-4 variable has a positive 

effect on registrations, then it indicates that crops with growers who lobby IR-4 have 

more pesticides registered for them than those that do not. 

The crop-type indicator variables may reflect the effectiveness of their grower 

associations as well as the factors mentioned already.  Certain types of crops have more 

severe pest problems and present a greater exposure risk to consumers, as mentioned 

already, and they may also have more effective grower groups.  If we find that a crop-

type has a positive effect on registrations, then it indicates one of the following:  (1) it is 

a crop with a  particularly high marginal benefit of pest control; (2) the EPA has below 

average registration standards for that crop because it is less likely to expose the public 

to pesticides; (3) the crop has very effective grower lobbying groups that have 

encouraged the EPA to reduce registration standards to enable more registrations to 

become available; or (4) a combination of these factors.  If we find that a crop-type has 

a negative effect on registrations, then it indicates one of the following: (1) the crop has 
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a below average need for that pesticides; (2) the EPA has lower registration standards 

for that crop; (3) the crop has ineffective grower groups; or (4) a combination of these 

factors. 

Active ingredient characteristics.  Active ingredient characteristics that may 

affect registration outcomes are those that determine the value of sales of a pesticide in 

a market and those that determine EPA registration stringency standards (Table 6.2).  

These pesticide characteristics are effectiveness (ei), safety (si), age (ait), scale of 

production (qi), patent status (pi), and exposure potential (di). 

Some of these pesticide characteristics have market effects.  Pesticide firms are 

more likely to register pesticides that are more effective at controlling pests (ei) because 

they are more appealing to farmers.  Firms may also be more likely to register 

pesticides that are patent protected (pi) because they can charge a higher price and 

recoup the registration cost.  Pesticides produced in great quantities (qi) may also be 

more frequently registered because economies of scale in production enable greater net 

revenue.   
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Table 6.2—Pesticide variables and their expected signs 

Model 
Variable 

Proxies 
Available 

Expected 
Marginal 
Effect on 

Profitability 

Market 
or Non-
Market 
Effect Notes and Hypotheses 

Pesticide range 
of pests 

controlled 

Declines then 
rises 

M Highly selective pesticides and those with 
extremely broad control may be desired. 

Pesticide 
persistence 

+ M Persistent pesticide may provide farmers a longer 
period of control. 

Pesticide 
mobility 

− M Mobile pesticides are less productive for farmers. 

ei Pesticide 
 effective-
 ness 

Pesticide bee 
safety 

− M (Insecticides only) Many insecticides that are less 
toxic to bees may also be less toxic to insect pests. 

si Pesticide 
 safety  

Pesticide oral, 
dermal, eye, and 

inhalation 
safety 

+ M Safer pesticides may be more profitable. These 
measurements of acute toxicity are particularly 

important to farm workers. 

 Pesticide 
reference dose 

and cancer 
safety 

+ N Safer pesticides may be more profitable.  
Reference dose and carcinogenicity are 

measurements of chronic toxicity.  Carcinogenicity 
is particularly important to the public. 

 Pesticide bee 
safety 

+ M Pesticides safer to bees may be more profitable 
because farmers prefer them. 

 Pesticide bird 
and fish safety 

+ N Safer pesticides may have lower registration costs.  

ait Pesticide 
 age 

Years since first 
registration 

? M & N Older pesticides may be less safe and effective, but 
their registration costs may be lower. 

qi Pesticide 
 scale of 
 production 

Pesticide total 
quantity 
produced 

+ M Pesticides produced and sold in great quantities 
may have lower production and marketing costs. 

pi Patented 
 pesticide 

Pesticide less 
than 11 years 

old 

? M Patent protection increases profitability if the 
registrant faces inelastic demand. But patented 

pesticides have had little time to gain registrations. 

di Pesticide 
 exposure 
 potential 

Pesticide 
persistence 

? N Less persistent pesticides may have lower 
registration costs, but they may also provide lower 

revenues. 

 Pesticide 
mobility 

? N Less mobile pesticides are safer. But mobility can 
have both positive and negative effects on 

effectiveness and revenues. 

Note: M indicates variables that directly affect the revenues a pesticides will earn in markets.  N 
indicates variables the EPA uses to determine registration standards. 
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If we find that the range of pests controlled has a positive effect on registration 

outcomes, then it indicates that farmers favor pesticides that can control many pests 

over those that can target particular pests.  If we find that the impact of pesticide 

effectiveness declines then rises, then it indicates that narrow spectrum pesticides are 

also particularly desired by farmers. 

If we find that patented pesticides are more likely to gain registrations, then it 

indicates that the extra income firms earn from having a patent provides them with the 

incentive to disseminate their pesticide rapidly to as many crops as possible.  If we find 

that patent protection has a negative effect on whether pesticides are registered, then it 

indicates that patents do not return enough additional revenue to cause patent holders to 

add crops rapidly to their labels.   

If we find that pesticides produced in great quantities are more likely to be 

registered, then it indicates that there are economies of scale in pesticide production and 

marketing that enable such pesticides to overcome registration costs in many small 

markets.  If we find that they are not more likely, or are less likely, to be registered, 

then it indicates that sales are coming from a few large crop or non-crop sites and 

registrants do not have an incentive to pursue small increases by adding more crops. 

Certain pesticide safety characteristics (si) may have important market effects  

on pesticide sales potential.  Farmers may prefer pesticides that are safer to farm 

workers and to bees.  If we find that the probability that a pesticide is registered 

increases for pesticides that are safe for farm workers and bees, then it indicates that 

current farm-demand for, and EPA policies concerning, these safety characteristics 
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successfully affect which pesticides are registered.  If we find that such safety 

characteristics have little effect on registrations, then it indicates that farmers and the 

EPA are unable to protect these resources by encouraging registration of safer 

pesticides. 

Pesticide characteristics may also have primarily non-market effects on 

registration outcomes.  Most pesticide safety characteristics (si) are important to firms 

primarily because of their effect on EPA registration standards.  Chronic health 

problems, such as cancer, are difficult to link to any particular pesticide and therefore 

not likely to affect pesticide sales directly.  But if carcinogenicity and reference dose 

are used by the EPA to set registration standards, then they will affect the profit 

potential of registration opportunities and determine which pesticides are registered.   

If we find that pesticide registrations are more likely for pesticides with higher 

safety characteristics, then it indicates that EPA registration standards vary as intended 

with safety characteristics, causing firms to register safer pesticides.  If we find that 

registration outcomes are insensitive to such safety characteristics, then it indicates that 

the EPA does not successfully encourage safer pesticide use by making registration 

standards flexible based on a pesticide’s safety level. 

If the EPA successfully restricts access of unsafe pesticides from crop pesticide 

markets then registration outcomes should reflect on these safety characteristics.  The 

relative importance of the various safety characteristics should be apparent in 

registration outcomes.  Increasing attention to certain characteristics such as risk to 



151 

wildlife should cause the importance of those characteristics in determining registration 

outcomes to have increased during the 1990s. 

Exposure characteristics (di) may also affect revenues and registration costs.  

Pesticides that are more persistent can control pests longer, increasing their value to 

farmers and therefore revenues to the registrant.  Pesticide mobility is generally not 

desirable to farmers because they want the pesticide to stay where it is applied.  But in 

some situations farmers may want pesticides that are mobile because the chemical will 

disperse through fields.  The EPA would like to restrict use of persistent and mobile 

pesticides because they are both more likely to come in contact with people and the 

environment. 

If we find that pesticide persistence has a positive effect on whether a pesticide 

is registered, then it indicates that farm demand for pesticides that remain on the field 

controlling pests for a long time overwhelms EPA restrictions on pesticides that remain 

in the ecosystem endangering resources for a long time.  Similarly, if we find that 

pesticides that are highly mobile are more likely to be registered then it indicates that 

farm demand for pesticides that move rapidly through the field overwhelms both farm 

demand for pesticides that remain where they are applied and EPA restrictions on 

pesticides that are likely to move to where they can endanger resources. 

Pesticide age (ait) may affect firm revenues in two ways.  First, if older 

pesticides are perceived by farmers to be less safe and effective, then sales may be 

lower making maintenance and re-registration less likely.  Secondly, older pesticides 

may be less effective because of resistance development in pests.  In the short run sales 
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may increase because pest resistance can cause farmers to use more of the pesticide.  

Over time farmers will switch to other pesticides and sales will decline. 

Pesticide age (ait) may also have non-market effects because as time passes and 

more information is available about a pesticide, its registration cost declines.  In the 

longer run pesticide age will cause registration costs to rise again because standards 

become more stringent and because of re-registration.   

If we find that the older pesticides are more likely to be registered, then it 

indicates that declining registration costs are an important factor in registration 

decisions.  If we find that older pesticides are less likely to be registered, then it 

indicates that declining pesticide effectiveness and re-registration costs are important 

factors. 

Pesticide types should be important factors in determining registration 

outcomes.  Different types of pesticides have different effects on pesticide productivity, 

and therefore revenue, and safety, and therefore registration costs.  For example, the 

EPA has instituted a policy recently to re-evaluate the safety of organophosphate (OP) 

pesticides.  This policy has increased OP pesticide registration costs and added 

restrictions to OP labels. 

Pesticide types will also affect registration costs because of the EPA’s new rules 

that limit total exposure from multiple pesticides that have the same mode of action.  

Pesticides with the same mode of action affect the same physiological process in  

people and therefore can have cumulative health effects. 
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Extensive pesticide type data were collected for this research.  Neither several 

aggregations of pesticide families, nor pesticide modes of action had systematic, 

interpretable effects on the probability that pesticides were registered.  Some of the 

problem was econometric.  With so many dummy variables there were situations when 

there were not enough observations of the combinations to estimate the logit regression 

equations.  But, even when only particular families or modes were included, pesticide 

types do not appear to be important determinants of registration outcomes.  

Interactions of crop and pesticide characteristics.  EPA pesticide safety 

standards may not be applied uniformly across all crops.   The agency may impose 

more stringent standards for combinations of crops consumed intensively by the public 

and pesticides that are less safe.  This is tested with an interaction of toxicity and per 

capita consumption.  A positive coefficient on this variable indicates that the EPA 

imposes higher standards of safety in cases where exposure is higher. 

Similarly, if we find that safety is particularly important in explaining 

registrations on crops that are used mostly as food rather than feed, or on fruit and 

vegetable crops, then we can also conclude that the EPA is effective at providing an 

extra level of protection for those crops. 

Another interaction is between crop value and pesticide qualities such as age, 

safety, and effectiveness.  Some people believe that the newest, safest, and most 

effective pesticides are less likely to be available to low national value crops.  This also 

can be tested with interaction variables. 
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EPA policy changes.  During the 1990s the EPA asserted that they increased 

registration standards for many pesticides to reflect greater understanding of their risks.  

At the same time EPA’s stated policy was to streamline registration of pesticides and 

uses that are considered low risk.  The EPA and USDA have also made an effort to 

facilitate registrations for minor pesticide uses.  The net effect of these policy changes 

should be apparent when comparing registration outcomes in 1991 and those in 1999. 

If the EPA has successfully streamlined the registration process then there 

should be evidence that the number of registrations is increasing for crops, especially 

for safer pesticides and minor crops.  If the EPA has successfully restricted access of 

less safe pesticides then they should be less likely to become available. 

 

6.2 Empirical Specification 

The empirical model is derived from the reduced form presented in Equation 

(4.9), wherein a representative pesticide firm evaluates annually the expected 

profitability of each combination of an active ingredient and a crop (all potential or 

existing registrations) to determine whether to apply for, maintain, or withdraw the 

registration (Equation 6.1).  Those decisions depend on profitability, which is an 

increasing function of crop and chemical factors that increase revenues (R), and a 

decreasing function of factors that cause the EPA to increase safety standards and 

therefore registration cost (C).   

The explanatory variables (X) include active ingredient, crop, and time 

characteristics associated with pesticide revenues and registration costs.  Unknown 
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factors in profitability are included in the random disturbance term ε and assumed 

independent of the explanatory variables.  Explanatory variables are assumed to be 

measured without error and known to the EPA and chemical firm managers prior to 

making their decisions. 

The representative firm’s estimate of the profitability of a pesticide in a crop 

market determines whether the firm will register, maintain its registration, or withdraw 

its registration.  This model is used to explain both the stock of pesticides registered in 

markets and the flow of pesticide registrations and withdrawals to and from markets.   

 

Πijt = R(Ωijt) – C(Sijt(Ωijt)) + εijt =  α0 + ΣkαkXijt,k + εijt,   (6.1) 

where  
i = active ingredient,  
j = crop,  
t = year, and 
k = characteristic. 

 

Neither the expected nor actual profitability of a potential or existing 

registration is observable.  Instead, the stocks and flows of registrations in crop markets 

are used as proxies for profitability.  Each registration that exists is a signal that the 

pesticide is profitable in a market.  Each new registration is a signal that expected 

revenues exceed registration costs.  Each new withdrawal is a signal that revenues do 

not exceed registration costs.  These three observable events are used to estimate binary 

response models that can measure the impact of crop and active ingredient 

characteristics on the probability (P) of a positive outcome (Equation 6.2).   
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P(rijt = 1) = P(Πijt > 0) = P(R(Ωijt) – C(Sijt) + εijt > 0)   (6.2) 

 

In the model estimated with the stock of registrations, a positive outcome (rijt=1) 

is a combination of a pesticide and a crop where a registration exists.  A negative 

outcome is a combination where a registration does not exist.  In the model of new 

registrations a positive outcome is a combination of a pesticide and a crop that gained a 

registration in the given period.  A negative outcome is a combination that did not exist 

at the start of the period and was not added during the period.  In the model of 

registration withdrawals a positive outcome is a combination of a pesticide and a crop 

that disappeared over the given period.  A negative outcome is a combination that 

existed at both the start and the end of the period. 

If the random disturbance term εijt is assumed to have a logistic distribution, 

then the probability of positive profits (Equation 6.3) can be estimated with the logit 

estimation model using maximum likelihood (Equation 6.4 and 6.5).  The logit model 

ensures that the predicted probability that an active registration exists will fall between 

0 and 1. 

 

P(rijt = 1) = P(Πijt > 0) = P(α0 + ΣkαkXijt,k + εijt > 0)   (6.3) 

  = P(εijt < α0 + ΣkαkXijt,k)     (6.4) 

  = 
)X...XXexp(1

1

,2,21,10 kijtkijtijt ββββ −−−−−+
  (6.5) 
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The coefficients (β) measure the impact of pesticide, crop, and other 

characteristics on the log odds ratio of pesticide registration outcomes.  The odds ratio 

is the ratio of the probability of a positive outcome to the probability of a negative 

outcome.  The exponential of a coefficient is the marginal effect of a one-unit increase 

in the variable on the predicted odds ratio. 

Interpretation of the effects of variables on the probability of registration is 

difficult because the logit model has a nonlinear relationship between independent 

variables and the probability estimates.  The effect of marginal changes in 

characteristics will depend on the starting point.  Changes that begin at extreme points 

already favoring or not favoring registration will have little effect on the probability of 

registration.  In cases nearer the point of equal likelihood of the options, slight changes 

in the independent variables can have large effects on the probability of registration. 

The formulae for estimating marginal effects of changes in the independent 

variables on the probability of a positive registration outcome are given in Equations 

6.6 and 6.7.  Equation 6.6 is for continuous variables and Equation 6.7 is for dummy 

variables. 
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6.3 Data, Estimation Procedures, and Problems 

The dependent variables: Stock of registrations.  Every combination of a crop 

and an active ingredient is a potential unit in the stock of registration outcomes.  The 

available registration data cover 4 years, 1991, 1995, 1997, and 1999, 74 crops, and 245 

herbicide or insecticide active ingredients.  This large data set is divided into eight 

parts, one for each combination of a year and a pesticide type (herbicide or insecticide).  

Empirical estimates are obtained for each subset of the data separately and compared.  

Estimates for 1997 are not presented in this dissertation but they were estimated and 

found to be consistent with the results presented. 

Final results are based on a subset of the crop and active ingredient data that 

were collected and presented in Chapter 5.  Some crops and some active ingredients 

were found to be outliers that made the results difficult to interpret.  Non-chemical 

active ingredients were dropped because their safety characteristics were extremely 

different from synthetic chemicals.  For example, reference doses for some biological 

pesticides were thousands of times higher than those for average synthetic chemical 

pesticides.  Combining these very different types of pesticides caused the distribution of 

safety characteristics to be bimodal.  Because synthetic chemicals make up the vast 

majority of the pesticides farmers use, they were chosen for further analysis.   

Similarly, several crops were dropped because their value characteristics made 

them outliers.  The national values of the three largest crops, field corn, wheat, and 

soybeans, are many orders of magnitude larger than all others in the data set.  

Mushrooms, strawberries, and ginger had extremely high per-acre values.  These six 
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crops were dropped from the data sets.  A comparison of results estimated with the 

largest crops and those estimated without them is provided later in the chapter. 

There is considerable variation in the incidence of positive registration 

outcomes for the remaining set of 68 crops, 193 active ingredients, and 3 years of stock 

registration data available.  In 1991, 113 herbicide and 56 insecticide active ingredients 

were registered on at least one of the 68 included crops.  Four percent of the 7,684 

combinations of an herbicide and a crop were positive registration outcomes.  Twenty-

seven percent of the 3,808 potential insecticide-crop outcomes were registered.  In 1999 

there were 134 herbicide and 59 insecticide active ingredients registered for the 68 

crops.  Seven percent of herbicide-crop combinations and 22 percent of insecticide-crop 

combinations were registered. 

These data sets are difficult to work with because they are large and unbalanced 

(few positive outcomes of the dependent variable).  Large data sets can take a long time 

to converge using maximum likelihood estimation and this research required many 

regressions that were often repeated with different data and different models to confirm 

the results.  Unbalanced data sets used in logit estimation can result in standard errors 

that are inflated (Allison 1999).  Fortunately a method exists for reducing sample size 

and improving the standard errors without biasing the results.   

These problems can be alleviated by using a random subset of the negative 

observations that has the same number of observations as the collection of positive 

observations, a process called sampling on the dependent variable (Allison 1999).  

Such a sample is much smaller than the entire data set and has a balanced number of 
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each of the dependent variable’s outcomes.  This greatly reduces the amount of time it 

takes to obtain estimates and may produce smaller standard errors.  Both advantages 

facilitate finding statistically significant relationships that may be overlooked using the 

entire sample. 

A potential shortcoming of the method of sampling on the dependent variable is 

that when there are very few positive outcomes of a dependent variable, the balanced 

sample will be very small.  All of the results reported in this dissertation were estimated 

using balanced data sets, but to understand the trade-offs between using the entire data 

set and using a balanced sample, some of the final regressions were repeated using the 

entire data sets.  The results were compared and are discussed later in this chapter. 

After making the changes described here, six final stock data sets were prepared 

for the regressions.  These are herbicide and insecticide data sets for each of the 3 years.  

Each of the six data sets have 50 percent positive and 50 percent negative outcomes.  

Trends in the total number of registrations are shown in Table 6.3 below. 

The dependent variables: Flows of new registrations and withdrawn 

registrations.  To construct the flow variables, 1995 data are compared to 1991 data to 

obtain four data sets: a set of herbicide new registrations, a set of herbicide new 

withdrawals, a set of insecticide new registrations, and a set of insecticide new 

withdrawals.  Equally sized data sets of negative outcomes were randomly selected 

from the appropriate subsets of data.  Similar data sets are obtained for changes 

between 1995 and 1999.  The result is eight data sets: 1991-95 herbicide new 
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registrations, 1991-95 insecticide new registrations, 1991-95 herbicide withdrawals, 

1991-95 insecticide withdrawals, and four equivalent data sets for the 1995-99 period. 

Comparing flows of pesticide registrations in the earlier period to the later, it is 

clear that the rate at which pesticide registrations are withdrawn has fallen considerably 

(Table 6.3).  The rate at which pesticide registrations are added has not changed over 

the period.  The stock of registrations has increased over the 1990s.   

 

Table 6.3—Stocks and flows of herbicide and insecticide registrations 

Pesticide Type Stock 1991 
Change 

1991-1995 Stock 1995 
Change 

1995-1999 Stock 1999 
 (number of positive outcomes of each type) 

Herbicides 344  490  660 
 New Registrations  226  210  
 Withdrawals  80  40  

Insecticides 1,025  857  883 
 New Registrations  132  140  
 Withdrawals  300  114  

Note: For both stocks and flows, the number is a count of the positive registration of each type for the 
68 crops included in the final data sets.  For example, in 1991 there were a total of 344 
combinations of an herbicide and a crop that were registered.  Between 1991 and 1995, 226 new 
combinations of an herbicide and a crop that became registered.  Between 1991 and 1995, 80 
combinations of an herbicide and a crop that were registered in 1991 were no longer registered 
in 1995. 

 

The decline in the rate that pesticides are withdrawn is an interesting 

development.  It could indicate that fewer pesticide registrations are in conflict with 

current registration standards.  It could also be a short run impact of the 1996 FQPA.  

During the transition to the new regulations the EPA may have suspended registration-

maintenance, re-registration, and special review activities that were initiated under the 

old legislation before the new policies became operational.  The impact of the FQPA 
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may take more time to become apparent.  This would indicate that the rate of pesticide 

withdrawal will begin to rise again soon. 

 Explanatory variables.  The explanatory variables are crop and pesticide 

characteristics that the theoretical model indicates should influence registration 

outcomes either because they affect net revenues that a pesticide can earn in a crop 

market or because they affect registration costs.   

 Crop characteristics are presented in Table 6.4.  VALUE is each crop’s previous 

5 year average national value of production in 1995 dollars.  It is used to proxy the sales 

revenue a pesticide can earn if it is registered on that crop.  In the flow regressions the 

change in crop value (CHANGE) between the initial and final periods is also included 

to measure the effect of value changes through time on flows of registrations. 

 VALACRE is each crop’s per-acre production value averaged over 1993 to 

1997 using 1995 dollars.  VALACRE is a proxy for a pesticide’s liability potential 

because it captures the potential damage that a pesticide could cause if it fails to protect 

the crop or damages the crop.   

 PCC is the American public’s average annual quantity consumed as food for 

crop in the 5 years preceding the registration year.  The EPA may have higher 

registration standards for such crops because consumption levels enter into EPA 

procedures for computing maximum food residue standards or tolerances.  PCTCA is 

the share of a crop grown in California in 1996, which may also be associated with 

different registration standards.   
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 IR4ALL is the number of pesticide registrations for each crop that were 

undertaken by the IR-4 program over the life of the organization.  Because of potential 

endogeneity, IR4ALL was not used directly in the estimation.  Instead IR4ALL is used 

in a regression to estimate its predicted value as will be discussed later. 

 SHFEED is the share of a crop used as feed in 1996.  MINOR is a dummy 

variable identifying crops grown on 300,000 acres or less, a definition of minor crops 

that is cited by the EPA (EPA OPP 1998b).  FIELD, FRUIT, NUT, and VEG are 

dummy variables for crop types.  Several other combinations of crop fixed effects were 

tried, some more disaggregated, but these four were adequate to capture the statistically 

significant differences across crops. 

 
 

Table 6.4—Definition of crop variables and their sources 
Model 
Variable Proxy Name Definition Sources 
vjt VALUEjt Average value of crop j’s national 

production in five years preceding year t. 
BLS 1999; USDA ERS various years; USDA 
NASS various years a.  

 CHANGEjt For flow regressions: change in VALUE 
over the period. 

ibid. 

lj VAL_ACREj Average per-acre value of crop 1993-1998. USDA NASS various years a. 

dj PCCij Average per capita consumption of crop j in 
five years preceding year t. 

Putnam and Allshouse 1998. 

 SHFEEDj Share of crop used as feed in 1996. USDA NASS various years a. 

dj and γj FIELD Dummy that is 1 if crop is a field crop.  

 FRUIT Dummy that is 1 if crop is a fruit crop.  

 NUT Dummy that is 1 if crop is a nut crop.  
 VEG Dummy that is 1 if crop is a vegetable crop.  

γj PCTCAj Share of crop grown in California in 1996. USDA Mann Library 1996. 

 IR4PREDj Indicator of IR-4 investment in that crop. IR-4 1999. 
 MINORj Dummy that is 1 if crop is grown on less 

than 300,000 acres nationwide. 
USDA NASS various years a. 

Note: Sources of explanatory variables are listed in approximate order of the amount of data retrieved 
from each source. 
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 Pesticide variables are presented in Table 6.5.  All the pesticide variables except 

PESTCON, AGE, LBSOLD, and PATENT increase as safety increases.  ORALSAFE, 

DERMSAFE, EYESAFE, INHLSAFE are acute oral, dermal, eye, and inhalation safety 

ratings respectively.  They are 1 to 4 ratings of pesticide toxicity, with 1 being highly 

toxic and 4 being practically non-toxic.  SUMSAFE is the sum of the four acute safety 

ratings.  RFD and CARC are chronic safety ratings.  RFD is the maximum safe daily 

exposure to a pesticide in mg per kilogram body weight.  CARC is a 1 to 5 rating of 

potential for an active ingredient to cause cancer. 

 BEESAFE, BIRDSAFE, FISHSAFE are 1 to 4 acute safety ratings for the 

associated type of wildlife.  PERSIST is a 1 to 3 rating of the length of time it takes for 

a pesticide to break down to inert ingredients.  A PERSIST rating of 1 indicates a half-

life of over 100 days, 2 is between 30 and 100 days, and 3 is less than 30 days.  

MOBILITY is a 5 point rating of pesticide leaching potential which is based on each 

pesticide’s GUS rating (see page 115).  A MOBILITY rating of 1 is extremely mobile, 

with a GUS of 4 or higher, indicating a substance that is highly water soluble and 

persistent enough to continue to be a threat as it moves with water.  As the MOBILITY 

rating increases the GUS scores decline, and substances are more likely to bond with 

soil and remain where they are applied until they break down. 

 PESTSCON is the total number of different pests listed on products that contain 

exclusively the active ingredient under consideration.  PESTSCON is a measurement of 

effectiveness in terms of the number of pests the registrants assure users their product 

can control.   
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 AGE is the number of years since the pesticide was first registered.  Patent is a 

dummy variable for pesticides less than 11 years old, the period of patent protection 

(NACA 1986; Grabowski and Viscusi 1984).  LBSOLD is the approximate total 

millions of pounds of an active ingredient sold in the United States in 1995.   

 

Table 6.5—Definition of pesticide variables and their sources 
Model 
Variable Proxy Name Definition Sources 

ei PESTSCONi Number of pests specifically listed on labels 
including exclusively pesticide i. 

EPA Various years b. 

si ORALSAFEi Pesticide i toxicity through ingestion, 
increasing in safety. 

EPA various years a and c; EXTOXNET 
various years; Meister 1996; Thomson 1992 and 
1993; Ware 1994; C&P Press, Inc. various 
years. 

 DERMSAFEi Pesticide i toxicity through skin contact, 
increasing in safety. 

ibid. 

 EYESAFEi Pesticide i toxicity to eyes, increasing in 
safety. 

ibid. 

 INHLSAFEi Pesticide i toxicity through inhalation, 
increasing in safety. 

ibid. 

 SUMSAFEi Sum of oral, dermal, eye, and inhalation 
safety ratings for pesticide i. 

ibid. 

 RFDi Pesticide i maximum safe long-term dietary 
load. 

EPA various years a and c; NPTN 1999. 

 CARCi Pesticide i carcinogenicity rating, increasing 
in safety. 

EPA 1999a; EPA various years a and c; NPTN 
1999. 

 BEESAFEi Pesticide i toxicity to bees, increasing in 
safety. 

Atkins 1992; CALS NCSU 1999; EPA various 
years a and c; EXTOXNET various years; 
Meister 1996; Thomson 1992 and 1993; Ware 
1994. 

 BIRDSAFEi Pesticide i toxicity to birds, increasing in 
safety. 

EPA various years a and c; EXTOXNET 
various years; Meister 1996; Thomson 1992 and 
1993; Ware 1994. 

 FISHSAFEi Pesticide i toxicity to fish, increasing in 
safety. 

ibid. 

ait AGEit Number of years between t (year of 
observation) and first US registration of 
active ingredient i 

EPA various years a and c. EPA OPP 1994. 
NACA 1986. 

qi LBSOLDi Approximate millions of lbs of pesticide i 
sold in the US for any use in 1995. 

Aspelin 1997. 

pit PATENTi Dummy that is 1 if pesticide i is less than 
11 years old. 

EPA various years a and c. EPA OPP 1994. 
NACA 1986. 

di PERSISTi Pesticide i persistence in the environment, 
higher values indicate less persistence. 

Vogue, Kerle, and Jenkins 1994; Doxtader and 
Croissant 1992. 

 MOBILITYi Pesticide i mobility in the environment, 
higher values indicate less mobility. 

Vogue, Kerle, and Jenkins 1994; Doxtader and 
Croissant 1992. 

Note: Sources of explanatory variables are listed in approximate order of the amount of data retrieved 
from each source. 
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Interactions of crop and pesticide variables are presented in Table 6.6.  The first 

is the interaction between a proxy for exposure potential and pesticide safety variables.  

Per capita consumption is the preferred proxy for exposure.  Share feed and the crop 

dummies are less directly connected with final consumer exposure.  For the interaction 

with PCC, reference dose (which for the pesticides included is always less than 1 

mg/kg) is subtracted from 1 to make an index of chronic pesticide toxicity rather than 

one of chronic pesticide safety.  As PCC increases, indicating higher exposure 

potential, and 1-RFD increases, indicating higher toxicity, the interaction term rises, 

representing a higher combination of toxicity and exposure.  The other interaction terms 

are interactions of a crop type and RFD which is easier to interpret as it is. 

The other interactions are between crop value and three measurements of the 

quality of pesticides.  These test the possibility that registrations for crops of low 

national value are inferior to what is available for other crops. 

 

Table 6.6—Definition of crop and pesticide interactions 
Model Variables Proxies Used Definition 

dj × si PCCRFD = PCCj × (1-RFDi) Interaction of crop exposure potential and pesticide chronic safety. 

 FEEDRFD = SHFEEDj × RFDi  

 FRUITRFD = FRUITj × RFDi  

 VEGRFD = VEGj × RFDi  

vj × ei VALPEST = VALUEit × 
PESTSCONi 

Interaction of crop value and pesticide effectiveness. 

vj × si VALSAFE = VALUEjt × 
SUMSAFEi 

Interaction of crop value and the sum of oral, dermal, eye, and 
inhalation safety ratings. 

vj × ai VALAGE = VALUEjt × AGEit Interaction of crop value and pesticide age. 
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Multicollinearity is a problem in these data, usually because multiple variables 

are used to proxy different aspects of a single concept, such as safety.  To avoid 

spurious conclusions, correlation coefficients, tolerance and variance inflation statistics, 

and condition indices are used to arrive at specifications that can measure the effects 

indicated by the theoretical model.   

 Omitted explanatory variables may also be a problem.  Omitting an explanatory 

variable that is correlated with an included one will bias the estimated coefficient on the 

included variable.  This is because variation in the dependent variable caused by the 

omitted independent variable will be attributed to the one included.  But in logit 

analysis problems can occur whether or not the omitted variables are correlated with 

those included in the model.   

 The problem in logit analysis is that when the underlying linear model 

(Equation 6.1) is transformed into the logit equation, the variance of the disturbance 

term (εijt) becomes part of the logit coefficients: βj=αj/σε, where βj is the logit 

coefficient for characteristic xj, αj is the coefficient on xj in the underlying linear model, 

and σε measures variance in the disturbance term.  Therefore variance in the dependent 

variable that is not controlled by independent variables will cause the logit coefficients 

to shrink toward zero.  This is called heterogeneity shrinkage caused by unobserved 

heterogeneity (Allison 1999). 

 There are three implications of this characteristic of logit coefficients (Allison 

1999).  First, logit coefficients can be considered conservative estimates of the effect of 

a variable on the odds of a positive outcome.  Second, when in doubt it is better to 
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include explanatory variables even if they are not of interest and are not correlated with 

other explanatory variables.  Third, comparing coefficients estimated from different 

samples is not valid if there is reason to believe that that the degree of unobserved 

heterogeneity differs across samples. 

 In this study the most likely omitted variable is an alternative measurement of 

pesticide effectiveness that may be negatively correlated with measurements of 

pesticide safety.  Certain pesticides may gain registrations more frequently because of 

an unobserved effectiveness characteristic, and the effect may show up as registration 

likelihood declining in pesticide safety. 

 Another problem that may exist in these data is endogeneity, particularly of the 

number of IR-4 projects (IR4ALL).  Because IR-4 projects are undertaken to solve 

problems associated with lack of pesticides, the number undertaken will be partially 

determined by the number of registration outcomes.  This problem is avoided in part 

because the IR4ALL variable is a count of all IR-4 projects, not just herbicides and 

insecticides over the entire life of the IR-4 program, not just the 1990s.   

 To further avoid problems associated with endogeneity a new variable is 

constructed called IR4PRED, which is the predicted value from a regression of 

IR4ALL on crop characteristics (Equation 6.8).  IR4ALL is regressed on crop acreage 

(ACRES), a dummy for crops that meet EPA’s minor crop categorization (MINOR) 

(The EPA defines minor crops as those grown on less than 300,000 acres), a dummy for 

crops with active grower groups (CROPGG), and dummies for crop types (CROPGRP).  
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 IR4ALL = α + β ACRES + β MINOR + β CROPGG + β CROPGRP (6.8) 

 

 The regression has 68 observations, one for each crop.  The R2 was 0.69 and the 

active grower group (CROPGG) and some of the crop dummies (CROPGRP) were 

statistically significant at 1 percent.  Surprisingly, acreage and the minor crop dummy 

were not statistically significant.  These results imply that IR-4 projects are determined 

by grower-group lobbying and unobserved state pest control expenditures rather than 

by minor-crop status. 

 Choosing models.  A variety of empirical models, all consistent with the 

theoretical model, were tested to find the most informative estimates and the best fit.  

Five models are reported for each of the six stock and eight flow data sets.  The 

simplest specification includes at least one proxy for each important variable in the 

theoretical model.  Subsequent models include more proxies to explore other 

relationships suggested by the theoretical model.  The range of models reflects the 

trade-off between the effects of multicollinearity and those of omitted variables.  The 

simple model is relatively free of problems associated with multicollinearity, but it may 

suffer from bias caused by omitted variables.  The more complex specifications have 

the reverse situation.   

 The first model includes crop VALUE and its squared term (VALSQ) to capture 

pesticide market value effects (v).  It also includes pesticide effectiveness (e) measured 

by PESTSCON and its squared term, PCONSQ.  Pesticide safety variables include the 

ones thought to best represent pesticide safety with minimal multicollinearity: 
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ORALSAFE, CARC, BEESAFE, and FISHSAFE.  ORALSAFE measures acute safety 

for farm workers, CARC measures chronic safety for food consumers, BEESAFE 

measures safety to bees and insecticide effectiveness, and FISHSAFE measures safety 

to aquatic resources.  ORALSAFE and BEESAFE are aspects of safety that are 

internalized to pesticide firms by farm pesticide purchasing decisions (sI).  CARC and 

FISHSAFE are external until they are internalized by EPA registration standards (sE).  

AGE measures effectiveness and safety aspects that are not measured by the other 

variables and that are correlated with pesticide age.  PERSIST and MOBILITY 

measure the potential of pesticides to come in contact with people and the environment 

(d).  They may also capture aspects of effectiveness (e). 

 The purpose of the second model is to explore the relative effects of the wider 

range of pesticide safety variables that are available.  DERMSAFE, INHLSAFE, and 

EYESAFE are other types of acute safety measurements that are internalized by farm 

pesticide choices.  RFD measures another aspect of chronic pesticide safety that is 

internalized by EPA registration standards.  BIRDSAFE is another environmental 

safety rating that is internalized by EPA registration standards. 

 The purpose of the third model is to test several pesticide exposure variables 

and interactions of exposure variables and pesticide safety ratings.  This model is 

intended to reveal whether there is evidence that registration outcomes depend on the 

potential exposure that results from using a dangerous pesticide on a crop that has a 

high propensity to come in contact with people or the environment.  SHFEED, FRUIT, 

NUT, and VEG are tested.  Although it would be the best measurement of exposure to 
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the public, PCC could not be used directly in the regressions because it was very highly 

correlated with crop national value.  Interactions of PCC, FEED, FRUIT, and VEG 

with reference dose are tested to look for evidence of EPA efforts to limit use of 

particularly dangerous pesticides on foods that are likely to expose the public to greater 

residues.   

 The fourth model is intended to explore the interaction of crop market value and 

pesticide characteristics.  The significance, signs, and size of the interactions of 

VALUE and pesticide effectiveness (VALPEST), safety (VALSAFE), and age 

(VALAGE) may support the concerns about pesticide availability voiced by minor crop 

advocates. 

 The fifth model tests policy variables and other alternative explanations for 

registration outcomes.  One alternative explanation for fewer registrations is crop 

liability potential as measured by crop value per acre (VALACRE) and its squared term 

(VALAACSQ).  Another is the share of a crop grown in California (PCTCA), a state 

with particularly stringent pesticide registration standards.  The potential for a pesticide 

to be patented (PATENT) may also explain limited availability of pesticides.  The scale 

of production of a pesticide (LBSOLD) and its attention from the IR-4 program 

(IR4PRED) may enhance pesticide availability.   

 The models reported are not all identical across data sets.  This is because when 

a variable was found not to be statistically significant in any reasonable specification, it 

was sometimes dropped in the specification that is reported.  Not every interesting 
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specification could be presented, but where an informative relationship was found, but 

not shown in the tables, it is mentioned in a footnote. 

 

6.4 Results and Interpretation 

Results for the 14 cases of registration outcomes are presented in this section.  A 

case is a sample of observations that represents either a stock or a flow of either 

herbicides or insecticides in a given year.  For example, the first case is the 1991 stock 

of herbicide registrations.  Each case has a data set made up of a balanced sample of 

positive and negative registration outcomes.  Appendix Tables 9.1 through 9.14 present 

the means, standard deviations, and correlation coefficients for each case’s data set.  

Appendix Tables 9.15 through 9.28 present estimates of the coefficients and marginal 

probabilities for 5 models for each case.  Tables are included in this chapter that 

summarize the results found in Tables 9.15 through 9.28. 

The marginal probabilities reported in Tables 9.15 through 9.28 are calculated 

by choosing a base observation representing a common crop and pesticide combination, 

then changing a variable by 10 percent (or from 0 to 1 for dummy variables) and 

calculating the percent change in the probability of a positive registration outcome.  For 

continuous variables an elasticity can be calculated by dividing the percent change in 

the probability of a positive registration outcome by 10, the percent change in the 

dependent variable. 

The base observation used for calculating marginal changes is a crop and 

pesticide with approximately median characteristics for crops in the complete data set 
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of observations (Table 6.7).  The base crop is one that would fall in crop value group 2 

(Table 5.16).  Crop characteristics are identical for both the herbicide and the 

insecticide base observations.  Pesticide characteristics are slightly different across the 

base observations to reflect differences between the median herbicide and median 

insecticide characteristics.  Insecticides tend to be more toxic to bees and fish, for 

example. 

 

Table 6.7—Characteristics of base observations used to calculate marginal changes 
Herbicides Base Case  Insecticides Base Case 

Variable Base Value  Variable Base Value  Variable Base Value  Variable Base Value 

VALUE 256,014  EYESAFE 3  VALUE 256,014  EYESAFE 3 
VALACRE 2,491  INHLSAFE 3  VALACRE 2,491  INHLSAFE 3 
PCC 2.1  RFD 0.02  PCC 2.1  RFD 0.025 

SHFEED 1  CARC 5  SHFEED 1  CARC 5 
FIELD 1  BEESAFE 3  FIELD 1  BEESAFE 2.5 
FRUIT 0  BIRDSAFE 3  FRUIT 0  BIRDSAFE 3 

NUT 0  FISHSAFE 3  NUT 0  FISHSAFE 2 
VEG 0  AGE 21.5  VEG 0  AGE 23.5 
PCTCA 16  LBSOLD 1  PCTCA 16  LBSOLD 1 

IR4PRED 4  PATENT 0  IR4PRED 4  PATENT 0 
PESTSCON 75  PERSIST 2  PESTSCON 74  PERSIST 2 
ORALSAFE 3  MOBILITY 3  ORALSAFE 3  MOBILITY 4 

DERMSAFE 3     DERMSAFE 3    

 

 

Crop characteristics.  National crop value (VALUE) is an indicator of potential 

sales when firms choose to register or maintain their pesticide for a crop.  As expected, 

crop value has a statistically significant, positive effect on the stock of registrations and 

the flows of new registrations in almost every case and every model presented here 

(Tables 9.15 through 9.28).  The marginal effects are summarized in Table 6.8, which 
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indicates that a 10 percent increase in crop national value causes a 1 to 5 percent 

increase in the probability of registration, depending on the case.   

Crop value was not a statistically significant determinant of pesticide 

withdrawals in the 1991-95 period (Table 6.8).  Between 1995 and 1999 a 10 percent 

increase in crop value caused a 1 percent increase in the probability that an herbicide 

was withdrawn, and a 1 percent decrease in the probability that an insecticide was 

withdrawn.  While the positive coefficient for herbicide withdrawals is surprising, the 

results show that crop value is not an important determinant of pesticide withdrawal 

decisions.  Pesticide firm decisions to withdraw pesticides may be driven more by 

safety characteristics, stressing that EPA registration maintenance, re-registration 

requirements, and special reviews are what drive withdrawals. 

 

Table 6.8—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, crop value variables 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

VALUE +2 +2 +1  +2 +1 +2  +2 +1  +5 +1  NS +1  NS -1 

VALSQ NS − NS  NS NS NS  NS NS  NS NS  NS NS  NS NS 

CHANGE n/a n/a n/a  n/a n/a n/a  -0.3 NS  +0.5 NS  NS +0.3  +0.3 NS 

VALACRE -10 -8 -6  +2 +1 +2  -4 -6  NS+4 +3  NS NS  NS -2 

VALACSQ + + +  − − −  NS +  NS −  NS NS  NS + 

Notes: The percent change listed here is an approximate average of the statistically significant estimates 
from the model specifications considered reliable.  Values in italics are less reliable either 
because they were estimated with an unreliable model or because they were not statistically 
significant at 10 percent. 

 NS indicates that no statistically significant marginal effect was detected. 
 +/- indicates that there were statistically significant estimates of both signs. 
 n/a indicates not applicable. 
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Value squared (VALSQ) is never statistically significant at 10 percent in these 

regressions, indicating that the marginal effect of value does not trend upward or 

downward across crops of different values.  In regressions (not shown here) that 

included the largest value crops (wheat, field corn, and soybeans) VALSQ was 

statistically significant and negative, indicating that the marginal effect declined as crop 

value increased.  The probability of registration reached its maximum at crop values of 

between $11 and 15 billion, a range that included only soybeans and was exceeded only 

by field corn. 

When data sets are constructed that include all crops with national value above 

$500 million, including the three largest crops (wheat, field corn, and soybeans), 

VALUE is statistically significant but smaller in magnitude than in the cases reported 

above.  For example, a 10 percent increase in crop value causes a less than 0.5 percent 

increase in the probability that an herbicide is registered in 1991.  The other years and 

cases had similarly small marginal effects.  These results compare to the 1 to 2 percent 

changes estimated using the 68-crop data sets. 

These results indicate that the crop value component of the minor crop problem 

is more important for crops that are of less than $500 million in value.  For larger crops, 

discrepancies between the number of registrations across crops are explained by other 

factors.  The statistical significance and size of the marginal impacts of the other 

determinants of registration outcomes were about the same for the 20-crop data sets as 

for the 68-crop data sets.  These results are not reported in tables because they were 

very similar to those reported here. 
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The change in value over a period (CHANGE) had very little effect on flow 

dependent variables.  The coefficients were statistically significant in many cases, but 

the elasticities were very small and sometimes of the wrong sign.  In 1991-95, a 10 

percent increase in crop value caused a 0.3 percent decrease in the probability that an 

herbicide gained a registration, and a 0.5 percent increase in the probability that an 

insecticide gained a registration.  In 1995-99 CHANGE had no statistically significant 

effect on the probability of a new registration.  Pesticide registrants do not appear to be 

making new registration decisions based on what may be relatively short-term changes 

in a crop’s value. 

Pesticide withdrawals were similarly insensitive to CHANGE.  The coefficients 

also have the wrong sign.  A 10 percent increase in crop value caused a 0.3 percent 

increase in the probability that an insecticide was cancelled in 1991-95, and a 0.3 

percent increase in the probability that an herbicide was cancelled in 1995-99.  It is not 

clear why crops that increased in value over those periods would be more likely to lose 

pesticide registrations. 

 Crop value per acre (VALACRE) is an indicator of crops that are likely to 

expose pesticide registrants to high levels of product liability.  After controlling for 

crop value, if crops with higher per-acre value have a lower probability of gaining 

registrations then there is evidence that farmer liability claims are reducing the number 

of pesticides available to them.   

 Liability appears to be a problem for herbicides.  A 10 percent increase in per-

acre value (VALACRE), from a base of $2,491, caused a 10 percent decrease in the 
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probability that a registration exists in 1991, and a 6 percent decrease in the probability 

that a registration exists in 1999.  The squared term (VALACSQ) is statistically 

significant and positive.  The probability that an herbicide registration exists reaches a 

minimum between $4,667 and $5,704 per acre, a range that includes 5, and is exceeded 

by 6, of the 68 crops in this data set (Table 5.8; recall that the top 3 crops on that table 

were dropped from the data set).   

A 10 percent increase in per-acre value caused a 4 to 6 percent decrease in the 

probability that an herbicide gained a registration in both 1991-95 and 1995-99.  In 

1995-96 the squared term was statistically significant and positive, with a value that 

indicates that the probability that a new herbicide was registered reached its minimum 

on crops with a value of $6,029.  Per-acre value did not have a statistically significant 

effect on herbicide withdrawals.   

These results indicate that liability discourages firms from adding herbicides to 

their labels, but does not cause them to withdraw them.  High per-acre value crops, 

which are almost exclusively fruits and vegetables, are less likely to have and gain 

registrations of herbicides.  These estimates are likely to underestimate the full effect of 

liability on herbicide registrations because the marginal effect is decreased by the fact 

that high per-acre value crops are likely to be more intensive users of crop protection 

chemicals. 

Insecticides are slightly more likely to be registered on, and more likely to gain 

registrations for, crops that have higher per-acre value.  The marginal effects are 1 to 3 

percent.  The probability that an insecticide is registered reaches a maximum when crop 
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per-acre value is between $4,200 and $4,500.  The probability that an insecticide gained 

a registration in 1995-99 reached a maximum on crops with per-acre values of $7,300, a 

level only exceeded by peppers, cranberries, and celery (Table 5.8).  In 1995-99 

insecticide registrations on crops with high per-acre value are less likely to be 

withdrawn.  Probability of withdrawal reached a minimum on crops with a per-acre 

value of $3,928. 

The positive (negative for withdrawals) signs on per-acre value in the 

insecticide regressions probably occur because per-acre value is proxying for the fact 

that farmers of such crops are likely to spend more on pesticides to protect each acre.  

The finding that liability is not the problem in insecticides that it is in herbicides is not 

surprising.  Herbicides, which are designed to control plants, are more likely to cause 

damage to crops that can result in liability claims.  Another explanation for the positive 

sign of the coefficient on per-acre value is suggested in a later paragraph concerning the 

IR-4 variable (IR4PRED). 

Crop per capita consumption (PCC) measures an important element of potential 

human exposure to pesticides used in crop production (Table 6.9).  The EPA has 

several policies that are intended to control use of more toxic pesticides on crops 

consumed intensively by the public.  Unfortunately PCC is very highly correlated with 

crop value (correlation coefficients above 0.6).  It is never statistically significant when 

included with value and acts as a proxy for value (with a positive coefficient) when 

included alone.  The interaction of per capita consumption and pesticide safety works 

better, first because it is less closely correlated with value, and second, because it 
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captures more closely the situation that the EPA is trying to prevent (combinations of 

low safety and high consumption).  Interaction variables are discussed later. 

 

Table 6.9—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, crop per capita consumption and type 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

PCC NS NS NS  NS NS NS  NS NS  NS NS  NS NS  NS NS 

SHFEED NS +0.04 NS  NS NS NS  +0.10 NS  NS NS  NS NS  NS NS 

FRUIT -83 -60 -51  +206 +72 +105  NS -30  +567 NS  +70 NS  NS -12 

NUT -80 -56 -46  +165 +77 +122  NS NS  +535 NS  +78 NS  NS NS 

VEG -49 -56 -53  +256 +83 +169  -40 -51  +689 +79  +58 NS  NS -34 

Notes: See Table 6.8. 

 

The share of a crop used as feed (SHFEED) is also a potential exposure 

variable.  The EPA may have less stringent testing requirements for registrations on 

crops used primarily as feed because the potential for human damage from such risks is 

lower.  In fact, the regressions presented here show little evidence that crops used 

intensively as feed have different registration standards.  In 1995 herbicides are slightly 

more likely to be registered for feed crops, and in 1991-95 they are more likely to gain 

registrations for feed crops.  In all other cases the coefficients are not statistically 

significant. 

The fruit, nut, and vegetable crop dummies (FRUIT, NUT, VEG) reflect several 

determinants that are not, or poorly, measured by the other variables.  First, fruit, nut, 

and vegetable crops may have different pest intensities compared to each other and the 
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field crops that are the base crop type.  Fruits and vegetable farmers are particularly 

intensive users of insecticides, while field crops farmers use them less intensively.  All 

crops should require herbicides about equally. 

Second, fruit, nut, and vegetable crops are predominantly minor crops, meaning 

they are grown on very few acres nationally.  That may make them less appealing 

markets for pesticide registrants because pesticide sales are particularly low compared 

to other crops of similar national value.   

Third, fruit and vegetable crops may have more stringent registration standards 

because they are often eaten fresh with their skin on.  This may expose consumers to 

greater risk from pesticide residues compared to other crops with similar per capita 

consumption. 

Fourth, different crops may have different levels of political and market 

influence because they have better organized grower groups.  For example, vegetable 

growers may be more organized than fruit growers.  It is unlikely that these effects will 

show up in these highly aggregated crop groups, but they were tested with more 

disaggregated crop group dummies in other regressions.   

The fruit, nut, and vegetable dummies are statistically significant in all of the 

stock regressions.  Herbicides are from 50 to 80 percent less likely to be registered on 

fruit, nut, and vegetable crops than on field crops (Wald chi-square tests could not 

reject the hypothesis of equality across the three dummy coefficients in any of the 

years).  Vegetables are less likely to gain herbicide registrations in 1991-95, and fruit 

and vegetable crops are less likely to gain registrations of herbicides in 1995-99.  In 
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1991-95, fruit, nut, and vegetable crops were between 60 and 80 percent more likely to 

lose registrations than field crops.   

It is clear that, even after controlling for crop value and other factors, fruit, nut, 

and vegetable crops have, and gain, fewer herbicides than field crops.  They also were 

more likely to have lost registrations in the early 1990s.  This evidence supports the 

contention that minor crop markets have fewer pesticides available to them.  The cause 

may be that the EPA has higher registration standards for herbicides on fruits and 

vegetables, but it is questionable whether the agency intends to have such a large effect 

on the number of herbicides that fruit, nut, and vegetable farmers have at their disposal. 

In contrast, insecticides are 100 to 250 percent more likely to be registered for 

fruit, nut, and vegetable crops in all three years.  In 1991-95 fruit, nut, and vegetable 

crops were over 500 times more likely to gain new insecticide registrations as field 

crops.  But in 1995-99 only vegetables were more likely to gain registrations and both 

fruits and vegetables were more likely to lose registrations.   

Fruit and vegetable crops were expected to have a higher number of insecticide 

registrations because their farmers are particularly intensive users of insecticides.  

Fruits and vegetables are particularly susceptible to insect damage, they are often sold 

with little processing, and consumers have a strong preference for insect-free fruits and 

vegetables.  The curious aspects of these results are, first, the size of the effect, second, 

the fact that nuts have marginal effects that are equally large as those for fruits and 

vegetables (Wald chi-square test could not reject the hypothesis of equality across the 
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three dummy coefficients in any of the years), and third, the statistically not significant 

coefficients in 1995-99 on the probability that these crops gain insecticide registrations. 

One explanation is that these results are driven, not by fruit, nut, and vegetable 

characteristics, but by those of field crops.  Field crops were much less likely to have 

insecticide registrations in all years, and were much less likely to gain insecticide 

registrations in 1991-95.  This can be explained by the fact that field crops are less 

affected by insects than the other crop types. 

But it does not explain the change in the coefficients on the probability that 

insecticides are added between 1991-95 and 1995-99.  In the later period there is no 

statistically significant difference between the crops, indicating that the rate of new 

insecticide registration on field crops has increased or the rate of new insecticide 

registration on fruits, nuts, and vegetables has declined.  Because it is unlikely that field 

crops have suddenly begun to suffer from insect pests, this is evidence that any 

advantage fruits, nuts, and vegetables had in gaining insecticides declined during the 

1990s.  

Other crop-type dummies were used in regressions not reported here.  

Disaggregated crop dummies such as cucurbits, root crops, and leafy vegetables were 

tested but provided no additional information from that presented here.  There was very 

little difference among the coefficients on the various types of vegetables, for example.  

Another variable that was tested was an indicator of fruits and vegetables that are often 

eaten fresh without peeling the skin.  It was not statistically significant in most 

specifications and did not reveal any additional information than what is shown above.  
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These results imply that the EPA does not try to set, or does not succeed in setting, 

binding registration standards that differ across these disaggregated crops based on their 

exposure risk. 

The share of a crop grown in California (PCTCA) is intended to test for a 

‘California effect’ caused either by the state’s well organized environmental groups or 

the state’s well organized farmers (Table 6.10).  The state has more stringent pesticide 

registration requirements than other states and the Federal government, but it also has a 

very large agricultural sector that uses great quantities of pesticides and works to ensure 

that they are available.   

 

Table 6.10—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, crop policy variables 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

PCTCA -0.7 NS-.6 NS-.8  NS+.3 NS+.3 NS+.4  NS NS-.5  NS NS+.6  NS NS  NS NS 

IR4PRED NS NS-4 NS-3  NS+1 NS +1  -4 NS-2  +5 NS  -4 NS  NS NS-.9 

Notes: See Table 6.8. 

 

The coefficient on PCTCA is rarely statistically significant in the regressions 

shown.  This is at least partially because it is positively correlated with value per acre 

(VALACRE), because California produces many high value fruits and vegetables.  

When PCTCA is included in specifications without VALACRE it is statistically 

significant and has the same sign as VALACRE, but is very small.  This indicates that it 

is probably proxying for the effect of VALACRE rather than revealing any ‘California 
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effect.’  Crops grown intensively in California do not appear to have fewer, or more, 

pesticides available to them, indicating that the state’s higher registration requirements 

have not harmed the state compared to other states, at least not so much that grower 

groups and other agriculture proponents cannot overcome it. 

The IR-4 variable (IR4PRED), which is the predicted value of the number of 

IR-4 registration projects (of any kind in any year) that the crop received, has 

statistically significant effects in four cases.  Unfortunately IR4PRED has correlation 

coefficients with crop per-acre value (VALACRE) of 0.4 to 0.7, depending on the case.  

These findings have several implications. 

First, both IR4PRED and VALCRE have positive effects on the probability that 

an insecticide is registered or gains a registration.  This could reflect the fact that 

farmers of high per-acre crops are intensive users of insecticides and that liability risk is 

not an issue on insecticides, as discussed earlier.  It is also evidence that the IR-4 

program has a positive effect on the number of insecticides registered and the number 

of insecticide registrations gained.  This is especially true for the flow of new 

insecticide registrations in 1991-95. 

Second, the negative sign on the IR4PRED coefficients in the herbicide 

probability of registration or new registration regressions is probably caused either by 

liability, which could cause any variable correlated with VALACRE to be negative, or 

by the fact that the IR-4 variable is a poor indicator of the IR-4 program’s impact.  

Despite the attempt to improve it, the IR-4 variable is likely to identify crops that have 

particularly few pesticide registrations.  The IR-4 program is intended to solve those 
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problems and therefore chooses its projects based to some extent on the severity of a 

crop’s pest control problems. 

In sum, there is some evidence that IR-4 attention to a crop causes an increase in 

registrations or new registrations, or a decrease in withdrawals.  The mixed results are 

caused by weakness in IR-4 variable.  It is biased against finding a positive IR-4 effect.  

Cases where the IR-4 variable is statistically significant and negative are explained by 

the fact that the variable is a better identifier of minor crops than crops that benefit from 

IR-4.  Cases where the IR-4 variable is not statistically significant can be interpreted to 

mean that the variable is poorly measured or that the minor crop problem is overcome 

to some extent by the IR-4 program.  Cases where the IR-4 variable has a positive 

effect on registration outcomes indicate success on the part of the program and the 

grower groups that lobby it. 

Pesticide characteristics.  Pesticide effectiveness is an important determinant of 

stocks and flows of registrations (Table 6.11).  As the number of pests controlled 

(PESTSCON) increases, the probability that a pesticide is registered or gains a 

registrations increases.  As the number of pests controlled increases, the probability that 

a pesticide is withdrawn declines.  A 10 percent increase in the number of pests 

controlled, from the base of about 75, causes a 2 to 7 percent increase in the probability 

that a pesticide is registered or that registrations are added.   
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Table 6.11—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, pesticide effectiveness variables 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

PESTSCON +2 +5 +3  +4 +5 +7  +4 +2  +5 +5  -4 -2  -3 -4 

PCONSQ NS − −  − − −  − −  − −  + NS  NS + 

Notes: See Table 6.8. 

 

For both herbicides and insecticides, when squared number of pests controlled 

(PCONSQ) is added, and it is statistically significant, it has the opposite sign as 

PESTSCON.  The probability that a registration exists or is gained reaches a maximum 

at over 500 pests in every case, which is at or above the number of pests controlled by 

only a few very broad spectrum pesticides.  The probability that a registration is 

withdrawn reaches a minimum at a similarly high level of PESTSCON.   

Herbicide effectiveness, as measured by number of pests controlled, is not 

highly, negatively correlated with any measurement of safety (Tables 9.1 through 9.14).  

The most extreme correlation coefficients are positive ones of about 0.3 between 

herbicide safety and inhalation safety (INHLSAFE) and fish safety (FISHSAFE).  As 

expected, insecticide effectiveness is negatively correlated with bee safety (BEESAFE) 

(correlation coefficients of about –0.4, depending on the case).  More effective 

insecticides are more toxic to bees.  Insecticide effectiveness is positively correlated 

with reference dose (RFD), indicating that insecticides that control more pests have 

lower chronic toxicity to humans (correlation coefficients of about 0.45).   
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These results indicate that broad spectrum pesticides are much more likely to be 

registered and to gain registrations, and less likely to lose registrations, than narrow 

spectrum pesticides.  This is not good news for those who would like to see more 

selective pesticides disseminated to farmers.  Such pesticides would enable farmers to 

use integrated pest management strategies that can often reduce the quantity of 

pesticides applied.   

On the other hand, there is little evidence that PESTSCON is negatively 

correlated with human health risks.  More effective pesticides by this measurement are 

not necessarily more dangerous to humans.  This may reveal that a selection process 

has occurred over the years removing pesticides that are highly toxic, while adding 

pesticides that are effective without being toxic.  Many pesticides remain dangerous, 

but positive correlation between effectiveness and toxicity may not be a problem. 

Acute health effects of pesticides have mixed effects on whether they are 

registered or gain registrations (Table 6.12).  Oral safety (ORALSAFE), which is 

probably the most accurate of the four acute safety measurements, has a statistically 

significant, negative effect on whether pesticides are registered or gain registrations.  

Herbicides and insecticides that are 10 percent safer if ingested are between 5 and 9 

percent less likely to be registered, and between 14 and 28 percent less likely to gain 

registrations.  The most likely explanation for this result is that ORALSAFE is 

positively correlated with some unmeasured component of pesticide effectiveness.  

Surprisingly, this is about equally true of herbicides and insecticides. 
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Table 6.12—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, pesticide acute human health effects 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

ORALSAFE NS -6 -8  -8 -5 -9  -18 -14  -28 -22  +20 -24  -16 NS 

DERMSAFE +9 NS NS  +4 +5 NS  +8 NS  +18 NS  NS -21  NS +3 

EYESAFE +5 +3 +3  -8 NS +10  +5 NS  +20 +13  +7 -29  -8 -5 

INHLSAFE -9 -7 NS  +4 NS-2 -3  NS-9 NS  +14 NS-8  NS NS  +17 -3 

Notes: See Table 6.8. 

 

Another part of the explanation is that acute oral toxicity may not be a factor 

that the EPA and firms care very much about.  Great efforts are made to ensure that no 

pesticide is eaten by humans.  Marginal changes in how toxic a pesticide is once it is 

eaten may not be important.  There may not be reason for the EPA to prevent 

dissemination of pesticides with high oral toxicity if there is little risk of ingestion. 

In contrast, pesticide safety to skin (DERMSAFE), eyes (EYESAFE), and, to 

some extent, inhalation (INHALSAFE) all show evidence that safer pesticides are more 

likely to be registered.  Theses acute safety ratings are more likely to reflect actual risk 

of accidental exposure to pesticide applicators.  Farmers are likely to avoid pesticides, 

and the EPA is likely to have stringent registration requirements for pesticides that can 

cause serious skin, eye,, and lung damage in accidental exposure. 

The estimates of the marginal effects of DERMSAFE, EYESAFE, and 

INHALSAFE on the probability that a pesticide is registered range from –8 to +10, 

with most being positive and inelastic.  In 1999, EYESAFE is the most important of 
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these three acute safety ratings.  A 10 percent increase in EYESAFE causes a 10 

percent increase in the probability of registration. 

The flow of new insecticide registrations in 1991-95 was extremely sensitive to 

skin, eye, and inhalation safety.  A 10 percent increase in those characteristics caused 

between 10 and 20 percent increases in the probability that an insecticide gained a 

registration.  Herbicides and insecticides were less likely to be cancelled if they had 

higher acute safety ratings between 1995 and 1999. 

Chronic health effects exhibit the clearest evidence of the EPA’s efforts to 

remove unsafe pesticides from markets (Table 6.13).  Carcinogenicity (CARC) has 

been a large concern throughout the period and that concern is reflected in most of the 

marginal effects.  A 10 percent increase in CARC caused a 10 to 20 percent decline in 

the probability that an herbicide is registered and an 8 to 10 percent increase in the 

probability that an insecticide is registered.  Herbicides are also more likely to gain, and 

less likely to lose, registrations if they are less carcinogenic. 

 

Table 6.13—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, pesticide chronic human health effects 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

RFD -0.2 NS NS  +/- +2 +3  NS NS  NS +5  -0.6 -3  -8 -2 

CARC +19 +18 +12  +10 NS-4 +8  +18 NS+26  -25 NS  -21 NS-32  +14 +6 

Notes: See Table 6.8. 
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Surprisingly, insecticides were less likely to gain registrations if they were more 

carcinogenic in 1991-95, and more likely to lose them if they were more carcinogenic 

in both periods.  This may be because insecticide registrations all have very low 

carcinogenicity, and the CARC variable is negatively correlated with another pesticide 

characteristic. 

Reference dose (RfD) is a measurement of chronic pesticide risks other than 

carcinogenicity.  For herbicides it does not appear to have an effect on registrations or 

on new registrations, but herbicides with safer reference dose ratings are less likely to 

be cancelled in both periods.  

Reference dose does have an effect on insecticide registrations.  Insecticides that 

have 10 percent higher reference dose ratings are 3 percent more likely to be registered 

in 1999, and 5 percent more likely to gain registrations in 191-1995.  They were also 

between 2 and 8 percent less likely to lose registrations. 

Environmental health effects also have mixed effects on registrations (Table 

6.14).  The most encouraging estimates are for fish safety (FISHSAFE), which indicate 

a positive effect on whether pesticides are registered or gain registration in most cases.  

The marginal effects are mostly inelastic except in 1995-99 herbicides for which a 10 

percent increase in FISHSAFE causes a 17 percent increase in the probability that a 

registration is added.  The effects of FISHSAFE on withdrawals are mixed. 
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Table 6.14—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, environmental effects 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

BEESAFE -7 -10 -8  -11 -4 +/-  -11 -13  NS-18 +8  -14 +12  +18 -7 

BIRDSAFE -5 -4 -7  -9 -3 NS-3  NS-9 NS  +16 NS+6  NS-15 +24  NS -5 

FISHSAFE +5 +5 +4  -3 +3 +3  NS+8 +17  NS +7  +14 NS  -33 +4 

Notes: See Table 6.8. 

 

The bird safety rating (BIRDSAFE) has the wrong sign in every case except 

new insecticide registrations and 1995-99 withdrawals.  This is probably caused by 

correlation with another variable. 

The effects of bee safety ratings are mixed.  The results for herbicides have the 

wrong signs, but they are probably not very meaningful because herbicides are 

generally non-toxic to bees.  The insecticide results indicate that insecticide 

effectiveness dominates bee safety in the early periods, but not in the later ones (see 

later section for more about intertemporal comparisons).   

In 1991, a 10 percent increase in bee safety caused an 11 percent decrease in the 

probability that an insecticide was registered and an 18 percent increase in the 

probability that an insecticide was cancelled.  In 1999, a 10 percent increase in bee 

safety caused an indeterminate effect on whether an insecticide was registered, an 8 

percent increase in the probability that an insecticide gained a registration, and a 7 

percent decrease in the probability that an insecticide lost a registration. 
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Table 6.15—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, other pesticide characteristics 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

AGE +7 +3 NS  +24 +6 +3  NS -4  -23 -10  +18 NS  NS -3 

LBSOLD NS NS+.1 NS+.2  +/- +/- +/-  NS+.1 NS+.2  NS NS-1  NS+.2 NS-.2  +/- NS 

PATENT -43 -38 -43  -97 -60 -62  NS NS  +747 -53  -75 +77  -82 NS+44 

PERSIST NS NS -1  -5 -4 NS  NS NS  -11 +8  +14 NS  +16 -6 

MOBILITY +12 +12 +9  +6 -5 -13  +9 +15  -17 -10  NS NS  +32 +8 

Notes: See Table 6.8. 

 

Age (AGE) has a positive effect on whether a pesticide is registered for a crop 

at a given time.  This was especially true for insecticides in 1991 when a 10 percent 

increase in age, from a base of 24 years old, caused a 24 percent increase in the 

probability of registration.  The impact in other years, and for herbicides in all years, 

was less than 5 percent. 

Age has a negative effect on the probability that a pesticide gains registrations.  

This was true of herbicides during the 1995-99 period, when a 10 percent increase in 

pesticide age caused a 4 percent decline in the probability of registration.  It was 

especially true for insecticides in 1991-95 when a 10 percent increase in age caused a 

23 percent decline in the probability of registration.  In the 1995-99 period, the impact 

of a 10 percent increase in age declined to a 10 percent decrease in the probability of 

registration.  Young insecticides are clearly the ones gaining crop registrations most 

rapidly.   
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During 1991-95 a 10 percent increase in the age of an herbicide caused an 18 

percent increase in the probability that it was withdrawn.  A 10 percent increase in the 

age of an insecticide in 1995-99 made it slightly less likely to be withdrawn.   

Pesticides less than 11 years old, and therefore most likely patent protected, are 

much less likely to be registered in any of the years covered.  Herbicides under patent 

are about 40 percent less likely to be registered, and insecticides under patent are over 

60 percent less likely to be registered.  These results indicate that patented pesticides 

are not rapidly disseminated to crops while they are under patent.  The extra revenue 

made possible by a patent does not provide firms with the extra funds required to 

rapidly add crops to their labels.   

This is generally confirmed by the effect of patent status on flows of new 

registrations.  Patent status had no statistically significant effect on whether herbicides 

gained registrations in either period.  Patented insecticides were 50 percent less likely to 

gain registrations in the 1995-99 period.  The exception were patented insecticides in 

the earlier period, which were much more likely to gain registrations.   

Patented herbicide and insecticide registrations were about 80 percent less likely 

to be withdrawn during 1991-95.  Strangely, herbicides were about 80 percent more 

likely to be withdrawn in 1995-99, and there was some indication that insecticides were 

also more likely to be withdrawn.   

 The total amount of a pesticide sold (LBSOLD) should identify pesticides that 

are produced in such large quantities that the producers have economies of scale in 

production and marketing, resulting in higher net revenues and higher profits.  We 
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would expect these pesticides to have and gain more registrations, and lose them less 

often.  In fact there is no evidence that LBSOLD has any statistically significant and 

consistent effect on registration outcomes.   

In general, farm demand for more persistent pesticides appears to dominate 

EPA's efforts to restrict their use.  Pesticides with higher persistence ratings 

(PERSIST), meaning they are less persistent and therefore safer, are slightly less likely 

to be registered in most cases.  There is evidence that in new insecticide registrations in 

1995-99, less persistent pesticides are more likely to be registered and less likely to lose 

registrations. 

 Less mobile, and therefore safer, herbicides are more likely to be registered and 

more likely to gain registrations in all cases.  The elasticities are near or above 1.  

Insecticides that are less mobile are less likely to be registered or to gain registrations, 

and more likely to lose them.  These results probably indicate that farm demand for 

insecticides that move throughout fields dominates the EPA's desire to restrict use of 

mobile pesticides.  Herbicides may not benefit from being mobile. 

 Two types of interaction variables are reported here (Table 6.16).  They are 

interaction between crop exposure variables and pesticide safety variables, and 

interaction of crop value and pesticide qualities, such as effectiveness.  Other 

interactions were tested but not reported here because the results  were not statistically 

significant. 
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Table 6.16—Summary of marginal changes in the probability of registration from a 10 
percent change in an independent variable, interactions 
 

Stock of Registered Pesticides  
Flow of Pesticide 

Registrations  
Flow of Pesticide 

Withdrawals 

 Herbicides  Insecticides  Herbicides  Insecticides  Herbicides  Insecticides 

Variable 1991 1995 1999  1991 1995 1999  91-95 95-99  91-95 95-99  91-95 95-99  91-95 95-99 

 (percent change in probability of registration) 

PCCRFD NS − NS  − NS NS  − NS  − +  NS NS  NS NS 

FEEDRFD NS NS +  NS NS NS  NS NS  − NS  − NS  NS NS 

FRUITRFD NS NS NS  NS NS NS  NS +  NS NS  NS(-) NS  NS + 

VEGRFD NS NS NS  NS NS NS  + +  NS NS  − +  NS − 

VALPEST NS NS NS  + − −  NS NS  NS +  NS NS  + + 

VALSAFE + NS NS  NS NS NS  NS NS  − NS  − NS  + NS 

VALAGE + NS −  + + +  − −  − −  + NS  NS − 

Notes: See Table 6.8. 

 

 The interaction of crop per capita consumption and pesticide reference dose 

(actually 1-RFD)(PCCRFD) is higher for situations that we would expect the EPA to 

want to restrict, combinations of high per capita consumption crops with low pesticide 

chronic safety.  If the EPA imposes greater registration standards on such situations, 

then registrations and new registrations should be less likely and withdrawals more 

likely.  These regressions found evidence that this was true for the stock of herbicides 

in 1995, the stock of insecticides in 1991, and new herbicide and insecticide 

registrations in 1991-95. 

Combinations of feed crops and safer pesticides (FEEDRFD) should have 

particularly low registration standards.  Evidence of this was only found in new 

insecticide registrations in 1991-95.  Combinations of fruit and vegetable crops and 

safer pesticides (FRUITRFD, VEGRFD) can be expected to be particularly encouraged 

by the EPA.  This appears to be true for herbicide new registrations. 
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 The other three interaction variables are between crop value and pesticide 

effectiveness (VALPEST), pesticide safety (VALSAFE), and pesticide age 

(VALAGE).  Minor crop growers complain that the high cost of registrations prevents 

new, high quality pesticides from being registered for them, leaving older, less safe and 

effective pesticides. 

 There is little evidence that high value crops are more likely to gain more 

effective and safer pesticides.  In 1991, safer herbicides were more likely to be 

registered on high value crops.  In 1991, safer insecticides were more likely to be 

registered on high value crops, but in 1995 and 1999, they were more likely to be 

registered on lower value crops. 

 In 1995-99, more effective pesticides were more likely to gain registrations on 

high value crops, but they were also more likely to lose them on such crops.  In 1991-

95, insecticides that were safer were more likely to be registered on low value crops, 

and less likely to be withdrawn from them.  Older pesticides were more likely to be 

registered on high value crops in many cases.  But new pesticide registrations were in 

every case more likely to be combinations of young pesticides and high value crops. 

 Evidence of changes through time.  By pooling the three years of data and 

adding year dummies and their interactions we can test the statistical significance of 

changes through time.  The regression results are not presented here, but usually the 

statistically significant changes are apparent in Tables 6.8 through 6.15 and 9.15 

through 9.28.  Those tables are referred to in the following paragraphs to illustrate the 

changes. 
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The dummies for years 1995 and 1999 are not statistically significant in the 

multi-period stock of herbicides regression, indicating that the overall probability that 

an herbicide is registered has not changed over the 1990s.  There are two trends that are 

statistically significant in this stock of herbicides data set.  First, the interactions of 

VALUE and the 1995 and 1999 dummies are both statistically significant and negative 

(Table 6.8).  The  impact of crop value on whether an herbicide is registered has 

declined during the 1990s.  Second, the interaction of the fruit dummy and the year 

dummies are statistically significant and positive, indicating that there has been a 

decline in the magnitude in the negative impact of a crop being a fruit on the probability 

that an herbicide is registered (Table 6.9).  None of the other variables have statistically 

significant changes over the 1990s. 

The year dummies are both statistically significant in the multi-period stock of 

insecticides regression.  The overall probability that an insecticide is registered declined 

by 14 percent between 1991 and 1995, and by 15 percent between 1995 and 1999.  

Eight variables had statistically significant changes in their marginal impacts over the 

1990s.   

Four of the changes have negative or unclear implications for insecticide safety.  

In 1999, fruit crops were less likely than they were in 1991 to gain insecticide 

registrations, though they are still more likely to gain them than field crops (Table 6.9).  

The marginal effect of pesticide carcinogenicity on whether a pesticide is registered 

declined as well, though not by much (Table 6.13).  The impact of pesticide age on the 

probability that an insecticide was registered fell dramatically (Table 15).  This means 
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that in 1999, either newer insecticides are registered more frequently, or older ones are 

registered less frequently than in 1991.  In 1991 MOBILITY had a positive impact on 

whether an insecticide was registered, but in 1999 the effect was negative.  A positive 

coefficient for mobility is desirable. 

Four of the statistically significant changes indicate that insecticide registrations 

are more likely to be safer in 1999.  The marginal impacts of DERMSAFE, EYESAFE, 

RFD, and BEESAFE on the probability that an insecticide is registered have all 

increased, indicating rising importance of pesticide safety.  Both EYESAFE and 

BEESAFE switched from having a negative effect on the probability of registration in 

1991, to a positive effect in 1999.  RFD, which had conflicting results in 1991, had a 

positive effect that an insecticide was registered in 1999. 

Findings on the method of sampling on the dependent variable.  Many of the 

regressions reported in this chapter were repeated using all of the observations to ensure 

that creating smaller, balanced data sets did not adversely affect the results.  In the 

cases where there were several hundred or more positive outcomes, which includes all 

of the stock regressions (Table 6.3), the estimated coefficients from the balanced 

samples and the full data sets were almost identical.  Unlike what others have found, 

the standard errors in these cases were not substantially improved (Allison 1999).  The 

benefit of using the method was solely in the time saved obtaining estimates.  Because 

the estimates were nearly identical in either case, the time savings came without a cost. 

For the flow regressions where there were fewer positive outcomes (for 

example, only 40 in the case of withdrawals in 1995-99; Table 6.3), the estimated 
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coefficients were slightly different when all observations were used.  The differences 

were not large enough to change the conclusions reported in this chapter but they were 

large enough to recommend not using the method in cases where there are such small 

numbers of positive outcomes.  It is preferable to use all of the observations available, 

even if they create an extremely unbalanced data set.  
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7. SUMMARY AND CONCLUSIONS 

 

 This dissertation presents a way to look systematically at the myriad particular 

rules that govern pesticide registration for crops.  The model is general enough to 

evaluate a variety of pesticide regulatory events, including crop-specific new 

registrations, registration maintenance, and registration withdrawal decisions.  Rather 

than focusing on particular EPA rules and decisions to determine whether they reflect 

optimal regulatory behavior, all EPA decisions are modeled as components of a total 

regulation cost function.  That total cost is what pesticide firms respond to because they 

know that any single restriction can be satisfied if the firm employs enough testing, use-

restrictions, and lobbying.  No single rule determines whether a registration exists, the 

total cost of obtaining it or retaining it does. 

 This conception of pesticide regulation sets a high standard for the EPA’s ability 

to manage the total impact of the agency’s regulations.  It asserts that while regulators 

are weighing the risks and benefits of particular rules, such as how frequently a 

pesticide may be applied, they should, as an institution, manage not to lose sight of the 

impact of those rules on which registrations are available to which crops.  There may be 

unintended consequences such as causing crops, especially minor ones, to have very 

few pesticides available, or to have only undesirable pesticides available. 

 The EPA has the opportunity to use flexible regulatory costs to create a system 

that automatically encourages certain outcomes while discouraging others.  Well-

designed registration requirements that vary with safety and crop characteristics could 
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encourage safe pesticides to be rapidly disseminated to all the crops that can use them, 

while allowing unsafe ones only where absolutely necessary.  But to determine whether 

these policies have this effect, their impacts, both individually and in sum, must be 

understood. 

 

7.1 Summary of Empirical Results 

Chapter 5 showed that registration outcomes have changed considerably during 

the 1990s.  The number of full (section 3) registrations of herbicide products increased 

while the number of full registrations of insecticide products decreased.  This implies 

that insect pest control opportunities have fallen.  But the number of pesticide active 

ingredients included in those registered products has increased, and the number of both 

herbicide and insecticide pesticides with special local need and emergency registrations 

has increased as well. 

The growth in the number of active ingredients on the market indicates that the 

number of pest control alternatives provided by the pesticide industry has increased.  

Farmers should be better off.  But grower complaints and other trends indicate that this 

may not be true.  The existence of an active ingredient does not guarantee that it is 

available to particular crop farmers.  A rise in the number of pesticides may indicate 

more pesticides registered in every market, or it may indicate that a few crops have 

many pesticides available while other have few. 

The growth in the number of special local need and emergency registrations 

indicates that pesticide firms are increasingly using alternatives to full registration to 
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get their pesticides in crop markets.  This could be a net gain for farmers if pesticide 

firms are taking advantage of these less stringent registration requirements to make 

additional pest control opportunities available.  But if at the same time farmers are 

losing pesticide opportunities that are provided by full registration, then the growth in 

these types of registrations indicates that farmers are worse off. 

Three things are clear from the registration data presented in Chapter 5.  First, it 

is necessary to look at active ingredient registrations for particular crops to find out 

whether pesticide options have changed for farmers.  Second, registrations come with 

many qualifications and it is difficult to interpret exactly what it means for farmers that 

a pesticide is registered.  Third, registration outcomes are continually changing as a 

result of a complex system of firms, farmers, farm advocates, and government.  These 

three conclusions indicate that to understand whether farmers are getting the pesticides 

they need, and whether use of safe pesticides is encouraged, it is necessary to look at 

the system that determines registration outcomes.   

The model of pesticide registration introduced in Chapter 4 is applied to 3 active 

ingredient registration data sets covering 3 time periods in Chapter 6.  This is done to 

find out how the registration system determined which pesticides were available to 

which crops.  Farmers of these 68 crops experienced a rise in the stock of active 

ingredients available to them during the 1990s.  The change was driven by a decline 

after 1995 in the number of pesticide active ingredients withdrawn from those markets.  

The rate at which registrations were added remained steady.  The question is what 
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characteristics determined these changes?  The following sub-sections summarize the 

most important results in Chapter 6.   

New pesticide registrations.  Pesticide market entries, like all registration 

outcomes, are modeled as the outcome of market and non-market factors that affect the 

revenues and registration costs for those pesticides.  The results show that market 

factors were important determinants of new registrations.  A crop’s value, which 

reflects its pesticide sales revenue potential compared to other crops, was consistently a 

statistically significant determinant of new registrations.  Comparing across crops, a 10 

percent increase in crop value caused a 5 percent or less increase in the probability that 

an herbicide or insecticide was newly registered for a crop in either the 1991-95 or 

1995-99 periods.  Change in a crop’s value from the beginning to the end of a period 

had little or no effect on whether the crop received a registration.   

Pesticide effectiveness, another market determinant of registrations, had a 

consistently positive effect on whether the pesticide received additional registrations.  A 

10 percent increase in the number of pests controlled caused a 5 percent increase in the 

probability that an insecticide was registered, and a 2 to 4 percent increase in the 

probability that an herbicide was registered.  The interaction term indicates that high 

value crops were more likely to gain registrations of more effective insecticides in 

1995-99. 

Some of the pesticide safety characteristics that are likely to be sought after in 

the market had statistically significant effects on new registrations.  In 1991-95, 

insecticides that were 10 percent safer for the skin, eyes, and lungs of farm workers 
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were 18, 20, and 14 percent more likely to gain registrations, respectively.  In 1995-99, 

only insecticides that were safer to the eyes of farm workers were more likely to gain 

registration.  In 1991-95, herbicides that were safer for farm worker eyes and lungs 

were 8 and 5 percent more likely to gain registrations, respectively.  In 1995-99, none 

of the acute safety rating were statistically significant for herbicides. 

The oral safety rating was a statistically significant determinant of new pesticide 

registrations in every case.  A 10 percent increase in oral safety caused a 14 to 28 

percent decline in the probability that a pesticide was registered.  It is unlikely that 

farmers prefer pesticides that are more toxic when ingested.  Instead, it is likely that 

oral toxicity is negatively correlated with an unmeasured component of pesticide 

effectiveness.  It is an indication that farmers base their pesticide purchasing decisions 

more on effectiveness than oral safety. 

There is some evidence that liability risk caused herbicides to be less likely to 

gain registrations.  A 10 percent increase in crop per-acre value caused a 6 percent 

decrease in the probability of herbicide new registration in 1995-99.  The same was not 

true for insecticides.  Insecticides were more likely to be registered on crops with high 

per-acre value.  This indicates that liability is a less important determinant of insecticide 

new registration and that farmers purchase more insecticides to protect valuable acres. 

Some determinants of registration outcomes have both market and non-market 

explanations.  The signs of these variables can indicate the relative influence of market 

and regulatory factors in determining registration outcomes.   
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In 1991-95, insecticides were much more likely to gain registrations on fruit, 

nut, and vegetable crops compared to field crops.  That bias disappeared in 1995-99.  In 

1995-99 herbicides were 30 percent less likely to gain registrations on fruit crops and 

50 percent less likely to gain them on vegetables.  In the late 1990s fruit lost their 

advantage over field crops in insecticide new registrations, and were at a disadvantage 

compared to field crops in terms of the number of new herbicides they receive.   

The market explanation for the advantage that fruits and vegetables had in 

gaining insecticide registrations in 1991-95 is that they have a greater demand for insect 

control than field crops.  But the advantage disappears in 1995-99, and they gain fewer 

herbicide registrations despite having equal marginal benefits for weed control.  

Together these results indicate that fruit and vegetable crops, and to some extent nut 

crops, gain fewer pesticides, even after controlling for market size and other factors. 

A 10 percent increase in herbicide age (from the base of about 24 years) caused 

a 4 percent decrease in the probability that it gained a registration.  A 10 percent 

increase in insecticide age caused a 23 percent decrease in the probability that it gained 

a registration in 1991-95 and a 10 percent decrease in 1995-99.  Pesticide profitability 

falls as pesticides become older because of a combination of increasing pest resistance 

and increasing registration costs.  Probability of gaining new registrations declines as 

pesticides age.  A statistically significant interaction variable between crop value and 

pesticide age for both herbicides and insecticides in 1991-95 and 1995-99 indicates that 

high value crops are more likely to gain registrations of newer pesticides.  



206 

Pesticide mobility and persistence have both safety and productivity 

implications.  Herbicides that were less mobile were more likely to gain registrations in 

both periods.  This reflects EPA registration standards and farmer desire for pesticides 

that remain where they are applied.  Insecticides that were less mobile were less likely 

to gain registrations, indicating that insecticides that leach throughout a field offer 

productivity advantages that overwhelm EPA registration standards.  Persistent 

herbicides were no more likely to be registered.  Persistent insecticides were less likely 

to be registered in 1991-95 but more likely to be registered in 1995-99.  

 Non-market determinants of registration outcomes include those that affect firm 

registration decisions exclusively as a result of the EPA’s registration standards.  

Chronic safety is the most important non-market variable.  If the EPA is effective we 

would registration outcomes to increase for safer pesticides.  Other non-market 

determinants were the share of crop grown in California (which reflects the local 

registration situation in that state) and the attention given a crop by the IR-4 program 

(which subsidizes registrations). 

 Herbicides were more likely to gain registrations if they were less likely to 

cause cancer or harm fish.  In 1995-99, herbicides were more likely to gain registrations 

for fruit and vegetable crops if they had higher reference dose ratings.  In 1995-99, 

insecticides were more likely to gain registrations if they had higher reference dose, 

bee, and fish safety ratings.  Insecticides were more likely to gain registrations if they 

were more carcinogenic in 1991-95, though the effect had disappeared in 1995-99.  In 

1995-99, insecticides that had higher reference dose ratings were more likely to gain 



207 

registrations on crops consumed intensively by the public, indicating a greater level of 

safety standards for those crops. 

 The share of a crop grown in California did not affect new registration 

outcomes, indicating that neither that state’s additional pesticide registration 

requirements nor its active agricultural sector had an effect on the likelihood of new 

registrations.  The IR-4 variable was statistically significant and positive in 1991-95 

indicating that after controlling for other factors, crops that received particular attention 

from the IR-4 program were more likely to gain registrations.  This indicates that 

lobbying the IR-4 program can cause a measurable increase in registration outcomes. 

Pesticide withdrawals.  Flows of pesticide registrations out of markets were 

explained most consistently by pesticide effectiveness, a market factor, and chronic 

toxicity as measured by reference dose, a non-market factor.  In both periods, 

herbicides and insecticides that controlled 10 percent more pests than others were 2 to 4 

percent less likely to be withdrawn.  Also in both periods, herbicides and insecticides 

that had 10 percent safer reference dose ratings were 1 to 3 percent and 2 to 8 percent 

(respectively) less likely to be withdrawn.   

Herbicides in 1995-99 were less likely to be withdrawn if they had safer oral, 

dermal, and eye safety ratings.  They were more likely to be withdrawn if they were 

safer to bees and birds, and if they were patented.  It is unclear why herbicides that are 

safer to bees and birds are more likely to be withdrawn, but their signs and the fact that 

other non-market safety characteristics were not statistically significant, indicate that 

factors of interest to the EPA are not an important determinant of herbicide 
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withdrawals.  Herbicide withdrawals occurred because of low acute safety and 

effectiveness. 

Insecticides in 1995-99 were less likely to be withdrawn if they were registered 

on fruit or vegetables and if they were safer to eyes, lungs, bees, and birds.  They were 

more likely to be withdrawn if they were safer for the skin, less carcinogenic, safer for 

fish, and less mobile.  The unexpected increase in the rate of withdrawal for insecticides 

that are more safe may be explained by correlation with unmeasured components of 

effectiveness.  They may also, along with the lower withdrawal rates for fruits and 

vegetables, indicate that some crops have only a few insecticide options remaining and 

they are not being withdrawn despite their risks. 

Stocks of pesticides.  Like the flow regressions, the stock regressions show that 

there is a bias against minor crops, especially for herbicides.  Crop value has a positive 

effect on the probability that a pesticide is registered in all cases.  For herbicides, fruit 

and vegetable crops are less likely than field crops to have registrations.  Liability 

deters herbicide registrations for crops with high per-acre value. 

The stock regressions show that pesticide effectiveness is a very important 

determinant of whether a pesticide is registered.  For variables that reflect pesticide 

users’ trade-off between safety and effectiveness, such as oral safety, the results 

indicate that effectiveness dominates. 

The stock regressions indicate that the EPA does have an impact on registration 

outcomes.  Pesticides with high chronic safety ratings (reference dose and 

carcinogenicity) have higher probabilities of being registered in most cases.  Despite 
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this finding, it is clear that there is room for improvement.  There are safety factors that 

the agency states are important but that do not appear to influence registration 

outcomes.  

Stocks of registrations reflect many years of previous registration decisions.  

Flows of new registrations reflect the most current policies.  Comparing the 

determinants of the stock of registrations in 1991 to those of the flow of new 

registrations in the 1990s highlights changing policies at the EPA.  New herbicide 

registrations in the 1990s, unlike the stock of registrations in 1991, were more likely for 

herbicides with lower oral safety, lower age, and higher reference dose ratings on 

vegetable crops.  Insecticide new registrations in the 1990s, unlike the stock of 

registrations in 1991, were more likely for insecticides with higher eye safety ratings, 

lower carcinogenicity safety, higher bee, bird, and fish safety ratings, lower age, lower 

mobility safety, and higher IR-4 attention.  While some of these changes are 

improvement, it is not clear that registration outcomes in the 1990s reflect great gains in 

the importance of safety factors compared to those from before. 

 

7.2 Opportunities for Extension 

 The data sets produced for this research have many applications.  The 

intertemporal registration data can be used to answer a variety of questions about trends 

in pesticide availability for particular crops.  For example, discussions of pesticide 

opportunities for minor crops often discuss pesticide shortages and declining quality 
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anecdotally.  These data sets provide the first opportunity to compare the number and 

characteristics of registrations across crops and across time. 

 This study provides a very extensive database of pesticide characteristics.  The 

difficulty of collecting pesticide safety ratings and of maintaining consistency across 

sources has been a limitation in analysis of pesticides.  Researchers assessing residue 

risks, for example, often limit their studies to only a few pesticides or a few risks for 

which they have data.  The data sets produced for this research cover over half the 

pesticide active ingredients that exist, and many of their characteristics.  Not only will it 

facilitate future research directly, but it also provides a base from which to build a much 

needed, complete database of the characteristics of the pesticides to which people are 

exposed.   

 The crop characteristics data are also useful, though already accessible through 

the USDA and other sources.  If it could be found, a valuable addition to the data set 

would be a measurement of each crop’s pest intensity or pest damage.  Such a variable 

would improve this research by measuring the potential productivity gains, in terms of 

crop value to be protected, from pesticide registrations.  

 A great deal of time was spent to ensure the quality of the data sets used in this 

analysis.  Less time was spent to take advantage of econometric techniques to overcome 

the problems that remain.  Multicollinearity among the crop and pesticide 

characteristics was a major hurdle to overcome.  It was dealt with by exploring different 

specifications and combinations of variables.  The further problem of potential 

heteroskedasticity has not been dealt with adequately.  Although it does not bias the 
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coefficient estimates, their statistical significance may be inaccurate.  More attention to 

these issues would improve confidence in these results. 

 This study comes at a time when the impacts of the 1996 FQPA are only 

beginning to be felt.  The EPA is in transition from the old regulatory standards to the 

new ones.  Many people are concerned that, as the new regulations are put in place, the 

impact on farmers and pesticide firms will be greater than what Congress had in mind.  

In particular, there may be dramatic changes in registration outcomes as a result of new 

limitations on using benefits and costs to assess EPA registration approvals and special 

reviews.  A priority in the near future is to build on this study to enable an assessment 

of the impact of the FQPA. 

 Monitoring trends in registration outcomes is an important way to assess the 

aggregate impact of the FQPA amendment.  But monitoring these trends is very 

difficult if the EPA limits access to intertemporal registration data.  The agency 

deserves praise for improving public access to registration data with the introduction of 

the PPIS database on the agency website.  But what is needed is a consistent database 

of registrations through time.  In the past the agency has had a policy of destroying old 

registration data to prevent confusion over what is actually registered.  With the help of 

the agency a more complete, intertemporal registration database could be constructed 

that would facilitate a study of how particular policies affect registration outcomes. 

 Another extension is to disaggregate pesticide markets geographically to assess 

registration outcomes in particular regions.  This study was national is scope, treating 

each crop as homogeneous throughout the country.  In fact, different regions have 
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different crops and pesticide needs.  Farmer are concerned about the determinants of the 

pesticide options that are available to control their specific problems.  A study with 

greater resolution, perhaps for a single region, would enable use of pest- and location- 

specific effectiveness data to assess better what in the system causes farmers not to 

have the pesticides they could use. 

 

7.3 Policy Implications and Conclusions 

 This dissertation has shown that the EPA can selectively affect particular 

pesticide and crop characteristics in registration outcomes.  That is shown most clearly 

by the way registration and maintenance of carcinogenic pesticides were discouraged, 

and the way registration of pesticides with high reference dose ratings were 

encouraged.  This ability is a step beyond the basic agency mandate of preventing 

unsafe pesticides from reaching the overall market.  The agency can create incentives 

that can promote safety in the multitude of firm registration decisions that make 

pesticides available in particular markets. 

 An implication of this result is that the EPA needs to monitor the overall effect 

of its policies on registration outcomes to determine whether they are socially optimal.  

There is evidence that certain crops are less likely to gain registrations of pesticides, 

even after controlling for the crop’s value.  While it is not possible to say for certain 

that EPA registration requirements cause these crops to have fewer pesticides, it is 

possible to say that the agency has the ability to alleviate the problem.  Efforts on the 

part of the agency to reduce registration standards for particular pesticide and crop 
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combinations, and raise them for others, can be effective and can promote safety and 

productivity.   

 The agency has a variety of initiatives in place already to manage its impact on 

registration outcomes.  Registration applications for non-chemical pesticides are 

encouraged by the agency’s “fast track” program.  Such policies can be successful and 

should be encouraged for a greater variety of pesticide and crop characteristics. 

 Subsidizing certain types of registrations is also a way to manage registration 

outcomes.  The IR-4 program is intended to reduce the cost of registrations for minor 

crops.  There was evidence that the program helps crops overcome the minor crop bias 

of registration outcomes.  But the problem remains, and EPA registration standards are 

becoming even more stringent.  The IR-4 program is an important tool for preventing 

crops from being passed over by pest control opportunities.  It could also be used to 

encourage registration of pesticides with certain safety characteristics.  

  Another opportunity to reduce the impact of registration standards is through 

harmonizing regulations across the United States and with other countries.  This 

effectively increases the market size that firms gain when they obtain a registration for 

a crop.  Although a crop may be very minor in this country, if a registration enabled a 

firm entry into the same crop market in other countries, the market size grows. 

 This research demonstrates that the EPA overlooks an important component of 

its impact if it fails monitor and manage the overall, crop-specific registration 

incentives that it creates for pesticide firms.  The agency cannot weigh the costs and 

benefits of every particular crop-specific registration opportunity, especially those for 
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which firms never apply.  Instead, the agency must ensure that the incentives are there 

for firms to register their safe pesticides for markets that can benefit from them, while 

discouraging registration and maintenance of less safe ones. 
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Table 9.1— Summary statistics, balanced sample of positive and negative registration outcomes: 1991 stock of herbicide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                

 VALUE 568,249 615,017                
 VALACRE 2,302 1,936  -0.29              
 PCC 12.10 21.50  0.72 0.01             

 SHFEED 11.11 24.72  0.32 -0.50 -0.19            

 FIELD 0.30 0.46  0.39 -0.62 -0.08 0.69           
 FRUIT 0.28 0.45  -0.16 0.19 0.00 -0.28 -0.41          
 NUT 0.09 0.29  -0.20 -0.04 -0.15 -0.14 -0.21 -0.20         
 VEG 0.33 0.47  -0.10 0.44 0.17 -0.31 -0.46 -0.44 -0.22        

 PCTCA 33.90 40.13  -0.23 0.48 -0.10 -0.36 -0.50 0.29 0.03 0.18       
 IR4PRED 4.22 3.04  -0.30 0.58 -0.03 -0.48 -0.52 -0.02 -0.02 0.53 0.31      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 166.69 165.05                
 ORALSAFE 3.13 0.51  -0.14              
 DERMSAFE 3.02 0.59  -0.07 0.14             

 EYESAFE 2.37 1.07  -0.08 0.18 0.44            
 INHLSAFE 3.15 0.70  0.31 0.42 0.15 0.10           
 RFD 0.06 0.10  -0.03 0.41 0.03 0.15 0.19          

 CARC 4.98 0.71  0.25 -0.13 -0.04 -0.21 -0.11 0.23         
 BEESAFE 3.69 0.76  0.21 -0.17 -0.21 -0.35 0.06 -0.18 0.05        
 BIRDSAFE 2.96 0.83  -0.14 0.50 0.17 0.29 0.37 0.36 -0.06 -0.07       

 FISHSAFE 3.01 1.09  0.32 0.07 -0.19 -0.33 0.21 0.16 0.43 0.31 -0.25      
 AGE 25.32 14.72  0.04 -0.33 -0.22 -0.33 -0.28 -0.45 -0.13 0.24 -0.66 0.22     
 LBSOLD 19.33 23.79  0.46 -0.17 -0.18 -0.27 0.17 -0.18 0.10 0.30 -0.46 0.50 0.52    

 PATENT 0.21 0.41  -0.26 0.43 0.12 0.25 0.16 0.35 0.08 -0.37 0.47 -0.09 -0.72 -0.36   
 PERSIST 2.43 0.68  -0.11 0.00 -0.32 -0.22 0.19 -0.11 -0.12 0.14 -0.15 0.13 0.25 0.24 0.05  
 MOBILITY 3.33 1.28  0.11 -0.23 -0.06 0.01 -0.08 -0.13 0.05 -0.11 -0.16 -0.33 -0.05 0.03 -0.10 -0.14 

Notes: N=688.  Units: VALUE is thousand 1995 US$; VALACRE is 1995 US$; PCC is lbs.; SHFEED and PCTCA are percent; FIELD, FRUIT, 
NUT, VEG, and PATENT are dummies; IR4PRED, PESTSCON, and AGE are counts; ORALSAFE, DERMSAFE, EYESAFE, INHLSAFE, 
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BEESAFE, BIRDSAFE, FISHSAFE, and MOBILITY are 1-4 ratings; RFD is a decimal number between 0 and 1; CARC is a 1-6 rating; 
LBSOLD is million lbs active ingredient rounded to the nearest whole number above zero; and PERSIST is a 1-3 rating. 
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Table 9.2— Summary statistics, balanced sample of positive and negative registration outcomes: 1991 stock of insecticide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                

 VALUE 468,752 615,022                
 VALACRE 2,881 1,942  -0.24              
 PCC 11.86 23.47  0.83 -0.05             

 SHFEED 4.65 17.03  0.25 -0.38 -0.10            

 FIELD 0.15 0.36  0.28 -0.49 -0.05 0.64           
 FRUIT 0.36 0.48  -0.10 0.08 -0.01 -0.20 -0.31          
 NUT 0.10 0.30  -0.13 -0.14 -0.15 -0.09 -0.14 -0.25         
 VEG 0.39 0.49  -0.02 0.36 0.14 -0.21 -0.34 -0.60 -0.27        

 PCTCA 40.66 41.41  -0.14 0.30 -0.12 -0.26 -0.39 0.19 0.03 0.08       
 IR4PRED 4.97 2.87  -0.23 0.48 -0.08 -0.36 -0.30 -0.21 -0.12 0.50 0.16      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 212.89 227.79                
 ORALSAFE 1.89 0.89  0.09              
 DERMSAFE 2.48 1.01  0.16 0.52             

 EYESAFE 2.71 1.02  0.07 0.46 0.48            
 INHLSAFE 2.68 1.01  0.04 0.48 0.41 0.57           
 RFD 0.01 0.02  0.46 0.37 0.43 0.19 0.17          

 CARC 5.03 0.87  -0.17 -0.20 -0.02 -0.08 -0.03 -0.29         
 BEESAFE 1.19 0.77  -0.41 0.32 0.00 0.24 0.28 -0.05 -0.09        
 BIRDSAFE 1.87 1.32  -0.07 0.66 0.57 0.24 0.41 0.40 -0.17 0.34       

 FISHSAFE 1.07 0.81  -0.08 0.10 0.19 0.26 0.19 0.12 0.02 0.36 -0.02      
 AGE 25.60 12.39  0.36 0.00 -0.18 -0.11 -0.22 0.02 -0.06 -0.22 -0.29 -0.16     
 LBSOLD 2.10 3.85  0.59 -0.03 -0.04 0.07 -0.13 -0.09 0.14 -0.23 -0.26 -0.11 0.16    

 PATENT 0.15 0.36  -0.15 0.07 0.16 0.09 0.15 0.08 -0.12 0.15 0.28 -0.03 -0.69 -0.12   
 PERSIST 2.38 0.68  0.08 -0.15 -0.14 -0.19 -0.09 0.04 0.01 -0.28 -0.28 0.11 -0.03 -0.02 0.04  
 MOBILITY 4.29 1.02  0.16 0.28 0.25 0.27 0.20 0.15 0.08 0.12 0.39 -0.06 -0.14 0.15 0.13 -0.01 

Notes: N=2,050.  Units: see Table 9.1.
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Table 9.3— Summary statistics, balanced sample of positive and negative registration outcomes: 1995 stock of herbicide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                
 VALUE 520,055 604,731                

 VALACRE 2,433 1,864  -0.25              
 PCC 13.06 23.99  0.77 -0.02             

 SHFEED 8.50 22.11  0.22 -0.47 -0.16            

 FIELD 0.24 0.43  0.32 -0.59 -0.07 0.68           
 FRUIT 0.33 0.47  -0.14 0.19 0.00 -0.27 -0.40          

 NUT 0.10 0.31  -0.19 -0.07 -0.16 -0.13 -0.19 -0.24         
 VEG 0.32 0.47  -0.03 0.39 0.17 -0.26 -0.39 -0.49 -0.24        
 PCTCA 34.52 40.09  -0.18 0.38 -0.12 -0.32 -0.44 0.31 0.01 0.08       

 IR4PRED 4.33 2.87  -0.24 0.54 -0.05 -0.44 -0.47 -0.08 -0.04 0.54 0.24      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 176.64 162.70                

 ORALSAFE 3.09 0.55  -0.09              
 DERMSAFE 3.05 0.59  -0.17 0.19             
 EYESAFE 2.42 1.03  -0.16 0.20 0.41            

 INHLSAFE 3.15 0.78  0.31 0.45 0.21 0.14           
 RFD 0.07 0.11  -0.10 0.38 0.00 0.15 0.16          
 CARC 5.03 0.74  0.19 -0.14 -0.06 -0.17 -0.08 0.25         

 BEESAFE 3.69 0.75  0.23 -0.21 -0.21 -0.31 0.03 -0.16 0.07        
 BIRDSAFE 3.01 0.82  -0.20 0.46 0.23 0.32 0.40 0.34 -0.06 -0.04       
 FISHSAFE 3.05 1.07  0.37 0.14 -0.17 -0.25 0.27 0.16 0.44 0.30 -0.16      

 AGE 26.21 15.37  0.16 -0.25 -0.28 -0.33 -0.30 -0.45 -0.20 0.22 -0.64 0.10     
 LBSOLD 17.65 23.14  0.58 -0.11 -0.23 -0.27 0.19 -0.17 0.09 0.27 -0.44 0.46 0.49    
 PATENT 0.21 0.41  -0.29 0.40 0.20 0.22 0.22 0.40 0.14 -0.20 0.47 0.07 -0.69 -0.33   

 PERSIST 2.37 0.70  -0.02 0.05 -0.25 -0.13 0.26 -0.12 -0.15 0.07 -0.10 0.07 0.21 0.23 0.04  
 MOBILITY 3.36 1.33  0.05 -0.29 -0.05 -0.03 -0.17 -0.16 0.12 -0.05 -0.20 -0.31 -0.02 0.04 -0.21 -0.18 

Notes: N=980.  Units: see Table 9.1.
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Table 9.4— Summary statistics, balanced sample of positive and negative registration outcomes: 1995 stock of insecticide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                
 VALUE 457,667 578,954                

 VALACRE 2,906 1,975  -0.20              
 PCC 11.90 23.18  0.82 -0.05             

 SHFEED 4.21 15.96  0.19 -0.36 -0.10            

 FIELD 0.15 0.36  0.24 -0.48 -0.04 0.62           
 FRUIT 0.35 0.48  -0.10 0.06 -0.02 -0.19 -0.31          

 NUT 0.10 0.30  -0.12 -0.15 -0.16 -0.09 -0.14 -0.25         
 VEG 0.40 0.49  -0.01 0.38 0.15 -0.21 -0.34 -0.60 -0.28        
 PCTCA 40.94 41.12  -0.11 0.30 -0.12 -0.25 -0.39 0.19 0.03 0.08       

 IR4PRED 5.07 2.96  -0.22 0.46 -0.09 -0.34 -0.27 -0.22 -0.13 0.49 0.15      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 219.98 235.56                

 ORALSAFE 1.93 0.91  0.10              
 DERMSAFE 2.56 1.01  0.15 0.47             
 EYESAFE 2.80 1.01  0.10 0.45 0.45            

 INHLSAFE 2.71 1.01  0.02 0.47 0.37 0.57           
 RFD 0.01 0.02  0.43 0.36 0.45 0.21 0.19          
 CARC 5.03 0.91  -0.11 -0.19 -0.03 -0.10 0.00 -0.24         

 BEESAFE 1.23 0.87  -0.43 0.34 0.04 0.24 0.22 -0.06 -0.10        
 BIRDSAFE 1.89 1.30  -0.10 0.66 0.51 0.22 0.38 0.39 -0.16 0.40       
 FISHSAFE 1.17 0.90  -0.10 0.05 0.26 0.29 0.23 0.21 0.04 0.29 0.00      

 AGE 27.94 13.48  0.41 -0.01 -0.21 -0.11 -0.22 -0.01 -0.09 -0.32 -0.30 -0.29     
 LBSOLD 2.21 4.18  0.59 -0.01 -0.04 0.09 -0.14 -0.11 0.18 -0.23 -0.27 -0.14 0.16    
 PATENT 0.15 0.36  -0.12 0.08 0.21 0.11 0.16 0.20 0.17 0.08 0.32 0.07 -0.66 -0.12   

 PERSIST 2.33 0.71  0.08 -0.19 -0.17 -0.21 -0.16 -0.03 -0.07 -0.26 -0.29 -0.01 0.06 -0.03 -0.08  
 MOBILITY 4.21 1.03  0.19 0.26 0.19 0.26 0.18 0.10 0.05 0.02 0.33 -0.18 -0.01 0.17 0.12 0.06 

Notes: N=1,714.  Units: see Table 9.1. 
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Table 9.5— Summary statistics, balanced sample of positive and negative registration outcomes: 1999 stock of herbicide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                

 VALUE 490,753 586,434                
 VALACRE 2,538 1,924  -0.21              
 PCC 12.47 23.41  0.75 -0.02             

 SHFEED 7.67 21.21  0.19 -0.45 -0.15            

 FIELD 0.22 0.42  0.29 -0.57 -0.04 0.67           
 FRUIT 0.36 0.48  -0.16 0.19 -0.02 -0.27 -0.40          
 NUT 0.10 0.30  -0.14 -0.08 -0.16 -0.12 -0.18 -0.24         
 VEG 0.33 0.47  -0.01 0.37 0.16 -0.24 -0.37 -0.52 -0.23        

 PCTCA 36.87 40.96  -0.10 0.34 -0.10 -0.31 -0.44 0.29 0.02 0.08       
 IR4PRED 4.53 3.05  -0.23 0.49 -0.07 -0.41 -0.42 -0.10 -0.06 0.51 0.19      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 160.37 154.78                
 ORALSAFE 3.13 0.52  -0.14              
 DERMSAFE 3.04 0.57  -0.18 0.23             

 EYESAFE 2.45 1.02  -0.16 0.22 0.43            
 INHLSAFE 3.23 0.73  0.24 0.42 0.20 0.12           
 RFD 0.08 0.15  -0.11 0.35 0.01 0.13 0.24          

 CARC 5.08 0.74  0.17 -0.10 0.00 -0.19 0.10 0.22         
 BEESAFE 3.69 0.74  0.20 -0.16 -0.20 -0.29 0.08 -0.05 0.13        
 BIRDSAFE 3.07 0.80  -0.23 0.47 0.31 0.35 0.37 0.26 -0.03 -0.04       

 FISHSAFE 3.07 1.09  0.32 0.14 -0.17 -0.25 0.34 0.17 0.47 0.35 -0.16      
 AGE 27.47 16.31  0.21 -0.28 -0.29 -0.37 -0.36 -0.43 -0.26 0.19 -0.65 0.06     
 LBSOLD 17.57 22.63  0.54 -0.16 -0.26 -0.37 0.18 -0.19 0.11 0.27 -0.49 0.47 0.46    

 PATENT 0.18 0.38  -0.25 0.25 0.15 0.17 0.23 0.45 0.15 -0.05 0.34 0.12 -0.60 -0.33   
 PERSIST 2.44 0.66  -0.06 0.00 -0.26 -0.13 0.19 -0.03 -0.12 0.06 -0.09 0.06 0.18 0.15 0.05  
 MOBILITY 3.40 1.33  0.08 -0.29 -0.04 -0.02 -0.08 -0.16 0.17 -0.08 -0.19 -0.27 -0.03 0.10 -0.21 -0.18 

Notes: N=1,320.  Units: see Table 9.1. 
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Table 9.6— Summary statistics, balanced sample of positive and negative registration outcomes: 1999 stock of insecticide 
observations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA      

Crop characteristics                

 VALUE 454,402 582,018                
 VALACRE 2,883 1,912  -0.17              
 PCC 12.13 24.51  0.80 -0.04             

 SHFEED 4.36 16.20  0.16 -0.38 -0.10            

 FIELD 0.15 0.36  0.19 -0.49 -0.05 0.63           
 FRUIT 0.36 0.48  -0.11 0.05 -0.03 -0.20 -0.31          
 NUT 0.09 0.29  -0.09 -0.14 -0.15 -0.09 -0.14 -0.24         
 VEG 0.39 0.49  0.02 0.39 0.16 -0.21 -0.34 -0.61 -0.26        

 PCTCA 41.12 41.52  -0.06 0.29 -0.10 -0.26 -0.39 0.19 0.04 0.08       
 IR4PRED 5.05 2.95  -0.18 0.46 -0.07 -0.35 -0.27 -0.23 -0.12 0.50 0.15      

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 223.54 235.80                
 ORALSAFE 1.94 0.91  0.08              
 DERMSAFE 2.57 1.00  0.14 0.48             

 EYESAFE 2.82 1.00  0.07 0.46 0.42            
 INHLSAFE 2.74 0.99  0.01 0.46 0.37 0.56           
 RFD 0.02 0.02  0.43 0.36 0.45 0.20 0.17          

 CARC 5.02 0.90  -0.14 -0.22 0.00 -0.07 0.02 -0.25         
 BEESAFE 1.25 0.90  -0.43 0.35 0.03 0.23 0.21 -0.06 -0.06        
 BIRDSAFE 1.92 1.31  -0.09 0.66 0.53 0.20 0.37 0.39 -0.18 0.40       

 FISHSAFE 1.17 0.91  -0.10 0.11 0.26 0.28 0.24 0.20 0.07 0.34 0.03      
 AGE 31.71 13.61  0.42 -0.01 -0.21 -0.09 -0.20 0.01 -0.13 -0.30 -0.33 -0.27     
 LBSOLD 2.17 4.06  0.58 -0.02 -0.05 0.08 -0.15 -0.11 0.17 -0.23 -0.27 -0.14 0.17    

 PATENT 0.04 0.21  -0.13 0.02 0.18 0.10 0.14 0.15 0.23 0.20 0.17 0.31 -0.41 -0.06   
 PERSIST 2.34 0.70  0.07 -0.17 -0.16 -0.17 -0.14 -0.01 -0.04 -0.22 -0.27 0.01 0.04 -0.03 -0.12  
 MOBILITY 4.23 1.03  0.18 0.26 0.17 0.27 0.20 0.11 0.06 0.03 0.32 -0.17 -0.05 0.16 -0.16 0.05 

Notes: N=1,766.  Units: see Table 9.1. 
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Table 9.7—Summary statistics, balanced sample of positive and negative registration outcomes: 1991-95 flow of new 
herbicide registrations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 449,016 563,086                
 CHANGE -13,600 76,508  -0.14              
 VALACRE 2,732 1,834  -0.24 0.28             

 PCC 11.35 20.77  0.78 -0.14 -0.04            

 SHFEED 4.73 17.65  0.23 -0.45 -0.37 -0.11           

 FIELD 0.16 0.37  0.32 -0.38 -0.50 0.01 0.61          
 FRUIT 0.44 0.50  -0.14 0.00 0.14 -0.01 -0.24 -0.38         
 NUT 0.10 0.30  -0.12 0.18 -0.15 -0.18 -0.09 -0.15 -0.30        

 VEG 0.30 0.46  -0.03 0.18 0.34 0.11 -0.17 -0.29 -0.58 -0.22       
 PCTCA 39.43 41.62  -0.12 0.19 0.22 -0.13 -0.25 -0.39 0.23 0.05 0.03      
 IR4PRED 4.62 2.78  -0.22 0.30 0.44 -0.09 -0.34 -0.34 -0.19 -0.08 0.53 0.15     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 165.46 146.98                
 ORALSAFE 3.07 0.57  -0.07              

 DERMSAFE 3.03 0.60  -0.30 0.17             
 EYESAFE 2.47 1.07  -0.28 0.22 0.51            
 INHLSAFE 3.12 0.79  0.27 0.50 0.16 0.13           

 RFD 0.06 0.12  -0.10 0.44 -0.01 0.10 0.17          
 CARC 5.00 0.68  0.18 -0.10 -0.13 -0.32 -0.12 0.20         
 BEESAFE 3.58 0.89  0.25 -0.24 -0.29 -0.33 0.03 -0.14 0.13        

 BIRDSAFE 2.96 0.84  -0.22 0.45 0.20 0.28 0.43 0.27 -0.05 0.00       
 FISHSAFE 2.96 1.16  0.38 0.21 -0.25 -0.32 0.24 0.20 0.48 0.32 -0.13      
 AGE 26.67 15.20  0.20 -0.31 -0.22 -0.27 -0.27 -0.45 -0.23 0.19 -0.65 0.12     

 LBSOLD 17.63 22.93  0.58 -0.09 -0.28 -0.32 0.18 -0.16 0.15 0.31 -0.45 0.51 0.46    
 PATENT 0.19 0.39  -0.28 0.55 0.21 0.18 0.18 0.43 0.12 -0.19 0.51 0.07 -0.63 -0.32   
 PERSIST 2.41 0.70  0.05 0.15 -0.26 -0.12 0.27 -0.05 -0.12 0.17 0.04 0.08 0.19 0.25 0.04  

 MOBILITY 3.42 1.32  -0.05 -0.38 0.11 0.08 -0.22 -0.24 0.10 -0.13 -0.27 -0.37 -0.06 0.02 -0.27 -0.25 

Notes: N=452.  Units: see Table 9.1. 
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Table 9.8— Summary statistics, balanced sample of positive and negative registration outcomes: 1991-95 flow of new 
insecticide registrations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 432,806 555,503                
 CHANGE -5,674 68,585  -0.21              
 VALACRE 2,916 1,998  -0.19 0.19             

 PCC 11.83 22.92  0.81 -0.24 -0.02            

 SHFEED 4.10 15.36  0.20 -0.37 -0.37 -0.10           

 FIELD 0.15 0.36  0.25 -0.23 -0.48 -0.04 0.62          
 FRUIT 0.33 0.47  -0.20 -0.07 0.04 -0.05 -0.19 -0.30         
 NUT 0.11 0.31  -0.08 0.19 -0.19 -0.17 -0.09 -0.15 -0.24        

 VEG 0.41 0.49  0.06 0.12 0.43 0.18 -0.21 -0.35 -0.59 -0.29       
 PCTCA 40.46 41.24  -0.13 0.16 0.28 -0.16 -0.25 -0.38 0.13 0.10 0.09      
 IR4PRED 4.96 2.86  -0.18 0.19 0.51 -0.06 -0.35 -0.32 -0.19 -0.12 0.49 0.14     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 160.22 167.82                
 ORALSAFE 1.89 0.84  0.09              

 DERMSAFE 2.75 0.90  0.03 0.12             
 EYESAFE 2.94 0.70  0.00 0.23 0.41            
 INHLSAFE 2.86 0.98  0.03 0.48 0.18 0.40           

 RFD 0.01 0.02  0.09 0.40 0.32 0.15 0.16          
 CARC 4.81 1.08  0.20 0.07 -0.30 -0.01 0.38 -0.11         
 BEESAFE 1.43 0.83  -0.48 0.22 0.14 0.19 0.08 0.01 -0.21        

 BIRDSAFE 1.97 1.24  -0.12 0.62 0.12 0.06 0.31 0.37 0.00 0.23       
 FISHSAFE 1.35 0.99  -0.19 0.19 0.35 0.30 0.21 -0.05 -0.21 0.57 -0.04      
 AGE 18.85 11.17  0.17 -0.01 -0.25 -0.04 -0.22 -0.19 0.13 -0.15 -0.31 -0.10     

 LBSOLD 1.78 3.73  0.73 0.00 -0.10 0.05 -0.16 -0.11 0.18 -0.23 -0.24 -0.15 0.27    
 PATENT 0.31 0.46  0.15 0.10 -0.03 -0.11 0.26 0.30 0.33 -0.30 0.36 -0.33 -0.62 -0.14   
 PERSIST 2.36 0.65  -0.08 -0.16 0.16 -0.15 -0.17 0.08 -0.38 -0.17 -0.32 0.07 -0.06 -0.08 -0.14  

 MOBILITY 4.42 0.85  0.22 0.12 0.06 0.04 0.19 0.21 0.36 -0.27 0.27 -0.25 -0.25 0.10 0.45 -0.08 

Notes: N=264.  Units: see Table 9.1. 
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Table 9.9—Summary statistics, balanced sample of positive and negative registration outcomes: 1995-99 flow of new 
herbicide registrations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 457,245 567,610                
 CHANGE 6,555 98,025  0.12              
 VALACRE 2,731 1,894  -0.21 0.12             

 PCC 11.86 22.42  0.76 -0.05 -0.03            

 SHFEED 5.49 18.49  0.19 -0.24 -0.40 -0.12           

 FIELD 0.17 0.38  0.25 -0.19 -0.52 -0.06 0.65          
 FRUIT 0.38 0.49  -0.07 -0.03 0.13 0.07 -0.23 -0.36         
 NUT 0.12 0.32  -0.12 0.08 -0.11 -0.17 -0.11 -0.17 -0.29        

 VEG 0.33 0.47  -0.05 0.14 0.36 0.09 -0.20 -0.32 -0.55 -0.26       
 PCTCA 39.38 41.68  -0.08 0.24 0.25 -0.12 -0.27 -0.39 0.20 0.06 0.07      
 IR4PRED 4.87 3.17  -0.25 0.05 0.40 -0.13 -0.36 -0.23 -0.17 -0.10 0.43 0.12     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 136.96 124.33                
 ORALSAFE 3.14 0.43  -0.14              

 DERMSAFE 3.01 0.59  -0.13 0.15             
 EYESAFE 2.42 1.01  -0.11 0.17 0.47            
 INHLSAFE 3.38 0.60  0.18 0.17 0.18 0.10           

 RFD 0.08 0.14  -0.06 0.34 0.02 0.17 0.27          
 CARC 5.12 0.78  0.09 -0.14 0.10 -0.08 0.39 0.25         
 BEESAFE 3.73 0.66  0.15 -0.13 -0.14 -0.36 0.18 -0.04 0.14        

 BIRDSAFE 3.07 0.75  -0.18 0.41 0.39 0.45 0.29 0.15 -0.04 -0.04       
 FISHSAFE 3.18 1.08  0.27 0.11 -0.14 -0.26 0.40 0.22 0.52 0.39 -0.17      
 AGE 25.05 16.10  0.15 -0.19 -0.33 -0.41 -0.48 -0.39 -0.34 0.15 -0.56 0.00     

 LBSOLD 18.98 22.97  0.37 -0.25 -0.27 -0.44 0.14 -0.17 0.20 0.29 -0.51 0.47 0.37    
 PATENT 0.19 0.39  -0.12 0.18 0.20 0.27 0.27 0.45 0.24 -0.05 0.23 0.18 -0.51 -0.36   
 PERSIST 2.51 0.59  -0.02 -0.22 -0.22 -0.09 -0.10 -0.06 0.04 0.02 -0.28 0.02 0.30 -0.01 0.09  

 MOBILITY 3.47 1.23  -0.05 -0.22 -0.11 -0.06 0.17 -0.05 0.21 -0.01 -0.17 -0.15 -0.18 0.18 -0.17 -0.17 

Notes: N=420.  Units: see Table 9.1. 
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Table 9.10— Summary statistics, balanced sample of positive and negative registration outcomes: 1995-99 flow of new 
insecticide registrations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 432,149 565,396                
 CHANGE -5,681 110,297  -0.13              
 VALACRE 2,845 1,898  -0.15 0.11             

 PCC 11.82 25.02  0.79 -0.32 0.03            

 SHFEED 4.65 16.46  0.20 -0.12 -0.39 -0.11           

 FIELD 0.17 0.38  0.21 -0.16 -0.51 -0.08 0.61          
 FRUIT 0.34 0.48  -0.14 0.05 0.16 -0.03 -0.20 -0.33         
 NUT 0.11 0.31  -0.07 0.12 -0.14 -0.15 -0.10 -0.16 -0.25        

 VEG 0.38 0.49  0.01 0.00 0.33 0.19 -0.21 -0.36 -0.56 -0.27       
 PCTCA 37.40 41.11  0.10 0.12 0.18 0.10 -0.25 -0.40 0.11 0.11 0.14      
 IR4PRED 5.07 2.90  -0.17 0.07 0.45 -0.03 -0.35 -0.23 -0.22 -0.14 0.48 0.10     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 158.95 184.94                
 ORALSAFE 1.97 0.91  -0.09              

 DERMSAFE 2.60 1.02  0.09 0.48             
 EYESAFE 2.86 0.93  -0.14 0.43 0.22            
 INHLSAFE 2.84 0.94  -0.07 0.37 0.29 0.61           

 RFD 0.01 0.02  0.53 0.22 0.48 0.17 0.23          
 CARC 5.18 0.85  -0.24 -0.08 0.10 0.07 0.06 -0.14         
 BEESAFE 1.60 1.15  -0.41 0.48 0.10 0.28 0.19 -0.15 0.14        

 BIRDSAFE 2.21 1.41  -0.04 0.62 0.64 0.14 0.26 0.29 -0.07 0.40       
 FISHSAFE 1.35 1.04  -0.18 0.39 0.26 0.42 0.34 0.23 0.14 0.58 0.13      
 AGE 25.60 13.42  0.31 -0.20 -0.43 -0.20 -0.26 -0.09 -0.27 -0.30 -0.50 -0.25     

 LBSOLD 1.48 2.93  0.53 -0.03 -0.09 -0.02 -0.14 -0.05 0.08 -0.15 -0.18 -0.11 0.16    
 PATENT 0.11 0.31  -0.21 0.11 0.27 0.09 0.08 0.18 0.34 0.35 0.29 0.28 -0.52 -0.06   
 PERSIST 2.31 0.70  0.06 -0.20 -0.08 -0.25 -0.13 -0.06 0.02 -0.27 -0.30 -0.18 0.14 -0.01 -0.11  

 MOBILITY 4.23 1.06  0.26 -0.02 -0.02 0.09 0.17 0.05 0.09 -0.24 0.12 -0.29 0.02 0.11 -0.28 0.16 

Notes: N=280.  Units: see Table 9.1. 
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Table 9.11—Summary statistics, balanced sample of positive and negative registration outcomes: 1991-95 flow of herbicide 
cancellations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 704,678 575,311                
 CHANGE -62,290 118,254  -0.08              
 VALACRE 1,572 1,883  -0.16 0.43             

 PCC 13.75 21.73  0.62 0.16 0.17            

 SHFEED 23.84 32.59  0.17 -0.66 -0.56 -0.37           

 FIELD 0.52 0.50  0.23 -0.54 -0.71 -0.24 0.71          
 FRUIT 0.13 0.34  -0.08 0.17 0.26 0.07 -0.29 -0.40         
 NUT 0.06 0.23  -0.22 0.17 0.04 -0.14 -0.18 -0.25 -0.09        

 VEG 0.29 0.46  -0.08 0.39 0.57 0.29 -0.47 -0.67 -0.25 -0.16       
 PCTCA 21.73 33.45  -0.13 0.36 0.69 0.06 -0.45 -0.58 0.26 0.08 0.40      
 IR4PRED 3.14 2.99  -0.19 0.42 0.74 0.13 -0.54 -0.73 0.09 0.07 0.70 0.60     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 182.21 185.18                
 ORALSAFE 3.03 0.38  -0.08              

 DERMSAFE 3.01 0.59  -0.15 0.19             
 EYESAFE 2.33 1.12  -0.07 0.17 0.53            
 INHLSAFE 3.07 0.64  0.42 0.46 0.11 0.11           

 RFD 0.04 0.07  0.13 0.43 0.10 0.16 0.25          
 CARC 5.04 0.60  0.30 -0.01 -0.21 -0.32 -0.09 0.37         
 BEESAFE 3.58 0.92  0.30 -0.25 -0.40 -0.54 0.05 -0.27 0.25        

 BIRDSAFE 2.58 0.74  0.02 0.47 0.23 0.32 0.36 0.47 0.11 -0.24       
 FISHSAFE 3.12 1.07  0.35 -0.09 -0.40 -0.51 0.10 0.04 0.43 0.50 -0.47      
 AGE 36.05 14.63  -0.14 -0.27 -0.23 -0.35 -0.19 -0.52 -0.30 0.39 -0.76 0.49     

 LBSOLD 27.49 25.65  0.39 -0.09 -0.27 -0.41 0.27 -0.14 0.11 0.48 -0.45 0.75 0.60    
 PATENT 0.06 0.24  -0.16 0.59 0.21 0.15 0.05 0.50 0.11 -0.36 0.47 -0.17 -0.48 -0.27   
 PERSIST 2.49 0.70  -0.10 0.11 -0.48 -0.38 0.09 -0.18 -0.10 0.31 -0.11 0.23 0.32 0.40 0.00  

 MOBILITY 3.56 1.13  0.10 -0.26 0.10 0.15 0.02 -0.04 0.08 -0.30 0.13 -0.41 -0.39 -0.22 -0.06 -0.30 

Notes: N=160.  Units: see Table 9.1. 
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Table 9.12— Summary statistics, balanced sample of positive and negative registration outcomes: 1991-95 flow of 
insecticide cancellations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 517,385 627,001                
 CHANGE -12,812 76,021  -0.19              
 VALACRE 2,866 1,860  -0.15 0.28             

 PCC 14.50 27.40  0.86 -0.19 -0.04            

 SHFEED 3.98 16.75  0.19 -0.47 -0.34 -0.09           

 FIELD 0.10 0.30  0.23 -0.42 -0.43 -0.06 0.69          
 FRUIT 0.36 0.48  -0.13 -0.01 -0.05 -0.08 -0.18 -0.25         
 NUT 0.09 0.29  -0.11 0.19 -0.16 -0.16 -0.08 -0.11 -0.24        

 VEG 0.44 0.50  0.05 0.16 0.40 0.21 -0.20 -0.30 -0.67 -0.29       
 PCTCA 43.27 40.37  -0.14 0.19 0.35 -0.12 -0.25 -0.35 0.16 0.04 0.03      
 IR4PRED 4.96 2.60  -0.17 0.27 0.54 -0.03 -0.34 -0.36 -0.27 -0.13 0.56 0.23     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 274.14 241.57                
 ORALSAFE 1.76 0.80  0.07              

 DERMSAFE 2.36 1.07  0.06 0.61             
 EYESAFE 2.42 1.12  0.11 0.50 0.58            
 INHLSAFE 2.54 0.98  0.14 0.48 0.44 0.54           

 RFD 0.01 0.02  0.48 0.37 0.48 0.24 0.25          
 CARC 5.07 0.82  -0.34 -0.05 0.16 0.01 -0.15 -0.26         
 BEESAFE 1.03 0.55  -0.43 0.28 0.01 0.21 0.37 -0.06 -0.16        

 BIRDSAFE 1.77 1.34  -0.18 0.71 0.66 0.27 0.43 0.41 0.00 0.45       
 FISHSAFE 0.86 0.48  0.04 0.02 0.32 0.22 0.00 0.37 0.07 -0.08 0.03      
 AGE 36.53 9.73  0.24 0.17 -0.30 0.01 -0.08 -0.04 -0.32 0.07 -0.25 -0.01     

 LBSOLD 2.66 4.19  0.61 -0.04 -0.08 0.08 -0.09 -0.12 0.05 -0.28 -0.33 -0.13 0.08    
 PATENT 0.00 0.06  -0.02 -0.02 0.03 0.04 0.01 0.00 0.07 0.00 0.03 -0.04 -0.17 -0.02   
 PERSIST 2.41 0.68  0.13 -0.29 -0.32 -0.43 -0.21 -0.06 0.10 -0.41 -0.38 0.24 0.13 0.03 0.01  

 MOBILITY 4.36 1.00  0.18 0.25 0.11 0.14 0.07 0.08 -0.05 0.27 0.38 -0.05 0.04 0.18 0.04 -0.09 

Notes: N=600.  Units: see Table 9.1. 
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Table 9.13—Summary statistics, balanced sample of positive and negative registration outcomes: 1995-99 flow of herbicide 
cancellations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 692,456 701,855                
 CHANGE -4,666 113,521  0.14              
 VALACRE 1,923 1,729  -0.13 0.07             

 PCC 20.48 33.20  0.79 -0.07 0.09            

 SHFEED 12.90 26.39  0.08 -0.29 -0.51 -0.26           

 FIELD 0.34 0.48  0.18 -0.10 -0.64 -0.17 0.69          
 FRUIT 0.28 0.45  -0.06 0.08 0.22 0.04 -0.30 -0.44         
 NUT 0.10 0.30  -0.27 0.01 -0.04 -0.21 -0.16 -0.24 -0.21        

 VEG 0.29 0.46  0.05 0.02 0.48 0.27 -0.31 -0.45 -0.39 -0.21       
 PCTCA 29.49 38.56  -0.09 0.22 0.59 -0.07 -0.36 -0.48 0.22 0.07 0.24      
 IR4PRED 3.84 3.10  -0.17 0.06 0.60 0.03 -0.46 -0.64 -0.05 0.04 0.69 0.44     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 214.15 167.06                
 ORALSAFE 3.00 0.55  0.05              

 DERMSAFE 2.94 0.60  -0.28 0.04             
 EYESAFE 2.26 0.91  -0.25 0.08 0.63            
 INHLSAFE 3.18 0.92  0.42 0.52 0.04 0.14           

 RFD 0.06 0.12  -0.05 0.42 -0.01 0.00 0.18          
 CARC 5.05 0.74  0.28 -0.25 -0.19 -0.43 -0.14 0.26         
 BEESAFE 3.65 0.84  0.29 -0.25 -0.27 -0.39 0.03 -0.13 0.19        

 BIRDSAFE 2.91 0.83  0.03 0.46 0.08 0.22 0.59 0.26 -0.05 0.10       
 FISHSAFE 3.02 1.07  0.46 0.05 -0.29 -0.50 0.24 0.10 0.64 0.23 0.03      
 AGE 31.49 15.07  0.07 -0.19 -0.28 -0.20 -0.30 -0.40 -0.29 0.05 -0.68 -0.14     

 LBSOLD 17.26 21.44  0.70 0.05 -0.17 -0.40 0.24 -0.05 0.23 0.30 -0.28 0.49 0.32    
 PATENT 0.13 0.33  -0.16 0.14 0.10 -0.03 0.26 0.29 0.13 -0.02 0.43 0.28 -0.64 -0.29   
 PERSIST 2.31 0.72  0.18 0.13 -0.45 -0.30 0.47 -0.12 -0.17 0.28 0.20 0.20 0.09 0.24 0.20  

 MOBILITY 3.66 1.29  -0.05 -0.28 0.31 0.05 -0.30 -0.08 0.16 0.11 -0.29 -0.16 -0.13 0.07 -0.08 -0.51 

Notes: N=80.  Units: see Table 9.1. 
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Table 9.14— Summary statistics, balanced sample of positive and negative registration outcomes: 1995-99 flow of 
insecticide cancellations 
    Correlation Coefficients 

Variable Mean 
Standard 
Deviation  VALUE 

CHA-
NGE 

VAL 
ACRE PCC 

SH 
FEED FIELD FRUIT NUT VEG PCTCA     

Crop characteristics                

 VALUE 444,302 561,907                
 CHANGE 5,700 89,070  0.13              
 VALACRE 2,751 1,806  -0.17 0.15             

 PCC 11.01 24.17  0.82 -0.01 -0.05            

 SHFEED 4.39 16.66  0.21 -0.21 -0.38 -0.08           

 FIELD 0.12 0.32  0.25 -0.17 -0.45 -0.05 0.71          
 FRUIT 0.43 0.50  -0.14 -0.10 0.04 -0.02 -0.23 -0.32         
 NUT 0.13 0.33  -0.11 0.04 -0.18 -0.17 -0.10 -0.14 -0.33        

 VEG 0.32 0.47  0.06 0.19 0.40 0.17 -0.18 -0.25 -0.60 -0.26       
 PCTCA 43.52 41.97  -0.17 0.24 0.29 -0.19 -0.27 -0.36 0.19 0.07 -0.01      
 IR4PRED 4.79 2.60  -0.19 0.10 0.57 -0.06 -0.35 -0.39 -0.23 -0.11 0.59 0.21     

Active ingredient characteristics 
 PESTS

CON 
ORAL 
SAFE 

DERM 
SAFE 

EYE 
SAFE 

INHL 
SAFE RFD CARC 

BEE 
SAFE 

BIRD 
SAFE 

FISH 
SAFE AGE 

LB 
SOLD 

PAT- 
ENT 

PER-
SIST 

 PESTSCON 258.24 262.21                
 ORALSAFE 1.90 0.84  0.21              

 DERMSAFE 2.75 1.01  0.02 0.34             
 EYESAFE 2.76 1.04  0.23 0.45 0.48            
 INHLSAFE 2.53 1.06  0.10 0.53 0.39 0.66           

 RFD 0.02 0.03  0.40 0.38 0.44 0.31 0.35          
 CARC 4.99 1.00  0.05 0.03 -0.19 -0.22 -0.02 -0.17         
 BEESAFE 1.04 0.66  -0.47 0.11 0.27 0.31 0.26 0.00 -0.39        

 BIRDSAFE 1.83 1.21  -0.20 0.64 0.39 0.20 0.47 0.35 -0.05 0.45       
 FISHSAFE 1.26 0.90  -0.16 -0.23 0.38 0.32 0.19 0.38 0.01 0.16 -0.07      
 AGE 33.75 13.11  0.42 0.27 -0.26 -0.11 -0.17 -0.03 0.10 -0.38 -0.03 -0.53     

 LBSOLD 2.99 5.64  0.65 0.02 -0.11 0.14 -0.13 -0.16 0.28 -0.29 -0.34 -0.21 0.11    
 PATENT 0.06 0.23  -0.11 0.07 0.29 0.29 0.32 0.37 0.25 0.07 0.07 0.71 -0.54 -0.09   
 PERSIST 2.35 0.71  0.05 -0.34 -0.24 -0.27 -0.47 -0.19 -0.18 -0.35 -0.38 -0.09 0.21 -0.08 -0.47  

 MOBILITY 4.19 1.00  0.22 0.40 0.18 0.19 0.11 -0.01 0.11 0.06 0.41 -0.28 0.25 0.24 -0.29 0.15 

Notes: N=228.  Units: see Table 9.1. 
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Table 9.15—Regression results: 1991 stock of herbicides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -9.36   -4.66   -5.62   -3.79   -5.92  

v VALUE 3.6E-61 5.30  1.3E-61 2.10  1.0E-61 0.72  -3.5E-61 0.50  9.3E-71 1.72 

v VALSQ -1.2E-14              

l VALACRE             -1.4E-31 -10.21 

l VALACSQ             1.5E-71  

d PCC        -0.05       

d/γ SHFEED       NS        

d/γ FRUIT       -2.931 -82.96  -3.101 -85.14    

d/γ NUT       -2.721 -79.58  -2.801 -80.63    

d/γ VEG       -1.451 -47.31  -1.591 -51.44    

γ PCTCA             -5.7E-31 -0.66c 

γ IR4PRED             -0.01 -0.33d 

e PESTSCON 6.3E-35 3.10  4.6E-31 2.21  6.1E-31 1.25  6.0E-31 1.22  5.4E-31 2.93 

e PCONSQ -3.1E-6              

s ORALSAFE       0.26 2.15   0.61  0.37 8.16 

s DERMSAFE 0.455 9.64  0.3510 6.71  0.581 4.59  0.54 4.82  0.601 13.38 

s EYESAFE NSa   0.2010 3.90  0.285 2.27   0.61  0.371 8.13 

s INHLSAFE    -0.561 -10.45  0.761 -6.60  -0.821 -6.36  -0.651 -13.44 

s RFD    -2.1810 -0.28  3.051 -0.17  -2.2815 -0.12  -2.3415 -0.34 

s CARC 0.831 31.21  0.541 17.69  0.681 8.65  0.691 8.57  0.731 28.11 

s BEESAFE -0.481 -9.84  -0.305 -5.60  0.2315 -1.90  -0.345 -2.84  -0.551 -11.37 

s BIRDSAFE    -0.355 -6.64  0.3410 -2.86  -0.16 -1.29  -0.24 -5.20 

s FISHSAFE NSb   0.2310 4.38  0.2315 1.90  0.21 1.64  0.20 4.45 

a AGE 0.041 6.92         0.48    

q LBSOLD             NSe  

p PATENT             -0.7210 -43.08 

d PERSIST 0.03 0.35  0.14 1.76  0.06 0.33  0.02 0.09  0.24 3.51 

d MOBILITY 0.731 15.95  0.601 11.62  0.781 6.09  0.811 6.19  0.881 20.00 

d×s PCCRFD       -9.4E-3        

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          3.6E-10     

v×s VALSAFE          2.9E-71     

v×a VALAGE          3.3E-81     

Base Probability  0.30   0.37   0.72   0.73   0.28 

N 688   688   688   688   688  

Log likelihood -331   -346   -286   -284   -285  

R-squared 0.35   0.32   0.43   0.43   0.43  

Rescaled R-sq. 0.46   0.42   0.57   0.57   0.57  

Notes: Superscripts indicate coefficients that are statistically significant at 1, 5, 10, and 15 percent 
based on likelihood-ratio chi-squared test statistics. 

 v is crop pesticide-market value, l is liability potential, d is exposure potential, γ  includes policy 
indicators, e is pesticide effectiveness, s is pesticide safety, a is pesticide age, q is pesticide scale 
of production, and p is a pesticide patent indicator. 

 The marginal probability is calculated as the percent change in the probability of registration 
resulting from a 10 percent increase in continuous variables or a 0 to 1 change in dummy 
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variables.  For the continuous variables an elasticity is obtained by dividing the marginal 
probability by 10 (%∆ in P(regn)/%∆ in X).  The base case for all marginal probability is a 
combination of a crop and pesticide of approximately median characteristics for the sample.  See 
text for more details. 

 NS indicates that a variable was tested in several specifications and found not to be statistically 
significant. 

 aWhen EYESAFE is included without DERMSAFE it is statistically significant at 1 percent and 
has a marginal probability of 5.76. 

 bWhen FISHSAFE is included without CARC it is statistically significant at 5 percent and has a 
marginal probability of 5.22. 

 cWhen PCTCA is included without VALACRE the marginal probability declines to –1.49. 
 dWhen IR4PRED is included without VALACRE it is statistically significant at 1 percent and 

has a marginal probability of –3.94. 
 eWhen LBSOLD is included without PESTSCON, AGE, or PATENT it is statistically 

significant at 1 percent and has a marginal probability of 0.10. 
  
 
 



242 

Table 9.16—Regression results: 1995 stock of herbicides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -6.61   -1.92   -4.54   -3.33   -2.44  

v VALUE 3.2E-61 4.14  3.2E-61 4.21  7.9E-71 0.79  9.8E-7 0.35  3.9E-71 0.64 

v VALSQ -1.3E-1215   -1.2E-1210           

l VALACRE             -9.7E-41 -8.00 

l VALACSQ             8.8E-81  

d PCC        -0.10       

d/γ SHFEED       0.0115 0.04  0.015 0.04    

d/γ FRUIT       -1.391 -57.22  -1.731 -63.07    

d/γ NUT       -1.431 -55.25  -1.501 -56.33    

d/γ VEG       -1.371 -53.56  -1.541 -57.68    

γ PCTCA             1.9E-4 0.02b 

γ IR4PRED             -0.0515 -1.39c 

e PESTSCON 0.021 6.35  0.011 6.16  0.021 4.30  0.021 3.99  0.11 3.32 

e PCONSQ -0.2E-41   -0.1E-41   -0.2E-41   -0.2E-41     

s ORALSAFE -0.3210 -6.16     -0.02 -0.23   -0.11  -0.13 -2.47 

s DERMSAFE NS      0.14 1.61   -0.11  0.24 4.69 

s EYESAFE 0.1610 3.04  0.175 3.37  0.215 2.43  0.255 2.60  0.291 5.71 

s INHLSAFE    -0.601 -11.26  -0.405 -4.73  -0.375 -4.32  -0.415 -7.79 

s RFD    -0.54 0.07  -0.37 -0.03     -0.21 -0.03 

s CARC 0.811 27.31     0.721 13.38  0.631 11.03  0.641 21.39 

s BEESAFE -0.681 -12.66  -0.621 -11.60  -0.641 -7.67  -0.611 -6.93  -0.691 -12.79 

s BIRDSAFE    -0.2015 -3.92  -0.2710 -3.20  -0.381 -4.27  -0.20 -3.87 

s FISHSAFE NSa   0.251 4.94  0.06 0.65  0.04 0.40  0.07 1.27 

a AGE 0.021 2.83         -0.19    

q LBSOLD             NSd  

p PATENT             -0.685 -38.49 

d PERSIST 0.07 0.90  0.16 2.12  0.19 1.44  0.16 1.17  0.21 2.72 

d MOBILITY 0.701 14.01  0.731 14.52  0.801 9.05  0.781 8.40  0.731 14.42 

d×s PCCRFD       -0.0110        

d×s FEEDRFD       NS        

d×s FRUITRFD       -4.63        

d×s VEGRFD       NS        

v×e VALPEST          5.3E-10     

v×s VALSAFE          -3.7E-8     

v×a VALAGE          -9.2E-9     

Base Probability  0.35   0.35   0.61   0.63   0.36 

N 980   980   980   980   980  

Log likelihood -477   -484   -442   -445   -447  

R-squared 0.34   0.33   0.38   0.38   0.38  

Rescaled R-sq. 0.45   0.44   0.51   0.51   0.50  

Notes: See Table 9.15. 
aWhen FISHSAFE is included without CARC it is statistically significant at 1 percent and has a 
marginal probability of 5.09. 
bWhen PCTCA is included without VALACRE it is statistically significant at 1 percent and has 
a marginal probability of –0.59. 
cWhen IR4PRED is included without VALACRE it is statistically significant at 1 percent and 
has a marginal probability of –4.08. 
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dWhen LBSOLD is included without PESTSCON, BIRDSAFE, FISHSAFE, or AGE it is 
statistically significant at 1 percent and has a marginal probability of 0.12. 
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Table 9.17—Regression results: 1999 stock of herbicides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -3.44   -3.15   -2.68   -2.39   -2.84  

v VALUE 2.5E-61 2.84  6.2E-71 0.90  3.2E-71 0.24  1.6E-610 0.25  3.6E-71 0.55 

v VALSQ -1.0E-12              

l VALACRE             -8.1E-41 -6.28 

l VALACSQ             7.1E-81  

d PCC               

d/γ SHFEED       NS        

d/γ FRUIT       -1.491 -49.92  -1.651 -51.57    

d/γ NUT       -1.341 -44.91  -1.491 -46.70    

d/γ VEG       -1.571 -52.38  -1.731 -54.24    

γ PCTCA             NSd  

γ IR4PRED             -0.0510 -1.15e 

e PESTSCON 0.011 4.32  0.011 3.96  0.011 2.18  0.011 1.88  0.011 4.14 

e PCONSQ -0.1E-41   -0.1E-41   -0.1E-41   -0.1E-41   -0.1E-41  

s ORALSAFE -0.491 -8.21  -0.21 -3.62  -0.19 -1.67   -0.14  -0.2615 -4.53 

s DERMSAFE NS   0.04 0.70  0.06 0.51   -0.14  0.09 1.55 

s EYESAFE    0.165 2.60  0.215 1.78  0.231 1.62  0.211 3.81 

s INHLSAFE    0.01 0.17  0.05 0.46   -0.14  0.11 1.97 

s RFD    0.18 0.02  -0.18 -0.01     0.9815 0.12 

s CARC 0.441 12.39a  0.541 15.43c  0.571 7.74  0.551 6.52  0.661 19.80 

s BEESAFE -0.641 -10.61  -0.511 -8.53  -0.551 -4.98  -0.501 -3.99  -0.581 -10.06 

s BIRDSAFE    -0.481 -8.08  -0.561 -5.00  -0.661 -5.27  -0.461 -8.09 

s FISHSAFE 0.401 6.87b  0.271 4.70  0.311 2.65  0.291 2.14  0.321 5.67 

a AGE 1.1E-3 0.13         -0.27    

q LBSOLD             NSf  

p PATENT             -0.821 -43.00 

d PERSIST -0.1615 -1.80  -0.17 -1.98  -0.2110 -1.22  -0.2010 -1.05  0.2110 -2.43 

d MOBILITY 0.691 11.69  0.591 10.25  0.751 6.17  0.711 5.14  0.731 13.15 

d×s PCCRFD       NS        

d×s FEEDRFD       0.091        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          7.0E-10     

v×s VALSAFE          -7.0E-8     

v×a VALAGE          -1.9E-81     

Base Probability  0.44   0.43   0.71   0.75   0.41 

N 1,320   1,320   1,320   1,320   1,320  

Log likelihood -674   -682   -630   -632   -620  

R-squared 0.31   0.30   0.35   0.35   0.36  

Rescaled R-sq. 0.41   0.40   0.47   0.46   0.48  

Notes: See Table 9.15. 
 aWhen CARC is included without FISHSAFE it is statistically significant at 1 percent and has a 

marginal probability of 23.17. 
 bWhen FISHSAFE is included without CARC it is statistically significant at 1 percent and has a 

marginal probability of 9.25. 
 cWhen CARC is included without FISHSAFE it is statistically significant at 1 percent and has a 

marginal probability of 21.55. 
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 dWhen PCTCA is included without VALACRE it is statistically significant at 1 percent and has 
a marginal probability of –0.77. 

 eWhen IR4PRED is included without VALACRE it is statistically significant at 1 percent and 
has a marginal probability of –3.43. 

 fWhen LBSOLD is included without PESTSCON, BIRDSAFE, or FISHSAFE it is statistically 
significant at 1 percent and has a marginal probability of 0.15. 
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Table 9.18—Regression results: 1991 stock of insecticides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -6.26   1.57   -1.64   -2.07   -1.77  

v VALUE 1.5E-61 2.59  3.5E-71 0.71  1.2E-61 2.97  -1.8E-61 0.80  4.5E-71 0.87 

v VALSQ -4.9E-13              

l VALACRE             2.1E-45 1.63 

l VALACSQ             -2.5E-85  

d PCC        -0.40       

d/γ SHFEED       NS -0.02       

d/γ FRUIT       1.261 235.60  1.201 175.61    

d/γ NUT       1.161 170.19  1.121 158.68    

d/γ VEG       1.341 304.02  1.351 207.51    

γ PCTCA             NSh  

γ IR4PRED 0.051 1.78           NSi  

e PESTSCON 0.011 5.00     5.6E-31 3.86  4.4E-31 3.27  0.011 3.74 

e PCONSQ -8.5E-61              

s ORALSAFE -0.531 -12.42  0.1410 3.42c  4.1E-3 0.11  -0.291 -7.98    

s DERMSAFE    0.1310 2.99  0.05 1.52  0.1610 4.07    

s EYESAFE    -0.471 -10.56  -0.271 -7.26  -0.281 -7.85  -0.211 -4.89 

s INHLSAFE    0.161 3.93  -0.09 -2.48  -0.06 1.40    

s RFD 14.971 3.10a  13.521 2.68  -17.035 -3.85  -7.1510 -1.62  -15.261 -2.87 

s CARC 0.261 11.11  -0.02 -0.93  0.211 10.13  0.155 6.99  0.271 10.41 

s BEESAFE -0.16b -3.20  -0.761 -14.07  -0.08 -1.82  -0.14 -3.17  -0.1610 -3.02 

s BIRDSAFE    -0.381 -8.71  -0.04 -1.04  0.11 3.07    

s FISHSAFE 0.05 0.85  -0.155 -2.29  -0.1310 -2.41  -0.04 -0.76  -0.291 -4.28 

a AGE 0.111 23.78         6.31    

q LBSOLD             -0.151 -1.11j 

p PATENT             -3.651 -96.59 

d PERSIST 0.1615 2.63  -0.411 -6.31  -0.195 -3.36  -0.07 -1.34  -0.05 -0.70 

d MOBILITY 0.191 6.34  0.271 8.78  -0.06 -2.14  0.01 0.53  0.145 4.36 

d×s PCCRFD       -0.021        

d×s FEEDRFD       -0.10        

d×s FRUITRFD       7.25        

d×s VEGRFD       14.91        

v×e VALPEST          1.5E-91     

v×s VALSAFE          -5.2E-8     

v×a VALAGE          1.1E-71     

Base Probability  0.18   0.21   0.08   0.09   0.24 

N 2,050   2,050   2,050   2,050   2,050  

Log likelihood -947   -1,286   -1,141   -1,058   -1,015  

R-squared 0.37   0.12   0.24   0.30   0.33  

Rescaled R-sq. 0.49   0.16   0.32   0.40   0.44  

Notes: See Table 9.15. 
 aWhen RFD is included without PESTSCON it is statistically significant at 1 percent and has a 

marginal probability of 5.77. 
bWhen BEESAFE is included without PESTSCON it is statistically significant at 1 percent and 
has a marginal probability of –16.67. 
cWhen ORALSAFE is included without DERMSAFE, EYESAFE, INHLSAFE, or BIRDSAFE 
it is statistically significant at 5 percent and has a marginal probability of –3.80. 
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dWhen DERMSAFE is included without ORALSAFE, EYESAFE, INHLSAFE, RFD, or 
BIRDSAFE it is statistically significant at 1 percent and has a marginal probability of –4.81. 
eWhen EYESAFE is included without ORALSAFE, DERMSAFE, or INHLSAFE it is 
statistically significant at 1 percent and has a marginal probability of –6.34. 
fWhen INHLSAFE is included without ORALSAFE, DERMSAFE, EYESAFE, or BIRDSAFE 
it is statistically significant at 1 percent and has a marginal probability of –6.06. 
gWhen BIRDSAFE is included without ORALSAFE, DERMSAFE, INHLSAFE, or RFD it is 
statistically significant at 5 percent and has a marginal probability of –2.54. 
hWhen PCTCA is included without VALACRE it is statistically significant at 5 percent and has 
a marginal probability of 0.30. 
iWhen IR4PRED is included without VALACRE it is statistically significant at 5 percent and 
has a marginal probability of 1.35. 
jWhen LBSOLD is included without PESTSCON it is statistically significant at 1 percent and 
has a marginal probability of 1.41. 
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Table 9.19—Regression results: 1995 stock of insecticides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -0.34   0.37   -0.33   -0.37   -0.31  

v VALUE 8.1E-71 1.26  3.6E-71 0.67  4.7E-71 1.02  -1.9E-7 0.78  3.7E-71 0.64 

v VALSQ -2.5E-15              

l VALACRE             1.8E-45 1.19 

l VALACSQ             -2.1E-810  

d PCC        -0.03       

d/γ SHFEED       NS        

d/γ FRUIT       0.631 70.98  0.701 73.65    

d/γ NUT       0.711 73.99  0.751 80.92    

d/γ VEG       0.821 79.87  0.831 90.73    

γ PCTCA             NSg  

γ IR4PRED             NS  

e PESTSCON 0.011 4.33  0.011 4.80  0.011 5.11  0.011 5.11  0.011 4.46 

e PCONSQ -6.4E-61   -7.1E-61   -7.2E-61   -6.2E-61   -6.5E-61  

s ORALSAFE -0.185 -3.92  -0.1910 -4.07  -0.1810 -6.02  -0.245 -6.02  -0.301 -6.08 

s DERMSAFE    0.195 4.20c  0.195 6.43  0.251 6.43  0.24 4.98 

s EYESAFE    0.10 2.26  0.11 -0.03   -0.03    

s INHLSAFE    -0.11 -2.48d  -0.1315 -0.03   -0.03    

s RFD    8.065 1.48e  8.52 1.50  7.0710 1.50  10.545 1.81 

s CARC -0.1115 -3.94  -0.06 -2.31  -0.05 -3.38  -0.08 -3.38  0.01 0.24 

s BEESAFE -0.291 -5.16a  -0.1710 -3.11  -0.1810 -4.07  -0.2010 -4.07  -0.205 -3.42 

s BIRDSAFE    -0.1610 -3.42f  -0.1510 -3.42  -0.1410 -3.51  -0.08 -1.68 

s FISHSAFE 0.381 5.63  0.1115 1.66  0.1115 2.47  0.1410 2.47  0.1310 1.82 

a AGE 0.031 5.70b      1.36   1.36    

q LBSOLD             -0.04 -0.26h 

p PATENT             -1.151 -59.74 

d PERSIST -0.281 -4.03  -0.225 -3.19  -0.215 -3.76  -0.235 -3.76  -0.251 -3.36 

d MOBILITY -0.155 -4.24  -0.221 -6.33  -0.231 -6.37  -0.191 -6.37  -0.161 -4.41 

d×s PCCRFD       NS        

d×s FEEDRFD       -0.15        

d×s FRUITRFD       2.32        

d×s VEGRFD       -2.67        

v×e VALPEST          -3.7E-101     

v×s VALSAFE          -4.1E-9     

v×a VALAGE          2.7E-81     

Base Probability  0.28   0.27   0.16   0.16   0.30 

N 1,714   1,714   1,714   1,714   1,766  

Log likelihood -935   -950   -937   -932   -932  

R-squared 0.26   0.24   0.25   0.26   0.28  

Rescaled R-sq. 0.34   0.32   0.34   0.34   0.38  

Notes: See Table 9.15. 
 aWhen BEESAFE is included without PESTSCON it is statistically significant at 1 percent and 

has a marginal probability of –16.58. 
 bWhen AGE is included without PESTSCON it is statistically significant at 1 percent and has a 

marginal probability of 8.30. 
 cWhen DERMSAFE is included without ORALSAFE, EYESAFE, RFD, or BIRDSAFE it is 

statistically significant at 5 percent and has a marginal probability of 2.78. 



249 

 dWhen INHLSAFE is included without ORALSAFE or EYESAFE it is statistically significant 
at 5 percent and has a marginal probability of –2.61. 

 eWhen RFD is included without PESTSCON and DERMSAFE it is statistically significant at 1 
percent and has a marginal probability of 3.97. 

 fWhen BIRDSAFE is included without ORALSAFE, DERMSAFE, INHLSAFE, RFD, or 
BEESAFE it is statistically significant at 1 percent and has a marginal probability of –3.30. 

 gWhen PCTCA is included without VALACRE it is statistically significant at 1 percent and has 
a marginal probability of 0.28. 

 hWhen LBSOLD is included without PESTSCON it is statistically significant at 1 percent and 
has a marginal probability of 0.65. 
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Table 9.20—Regression results: 1999 stock of insecticides 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -1.57   -1.52   -2.72   -2.85   -2.57  

v VALUE 1.1E-61 1.75  5.6E-71 1.04  9.2E-71 2.08  6.6E-715 1.14  6.5E-71 1.17 

v VALSQ -2.9E-13              

l VALACRE             2.7E-41 2.08 

l VALACSQ             -3.0E-85  

d PCC        -0.13       

d/γ SHFEED       NS        

d/γ FRUIT       0.931 113.03  0.831 96.77    

d/γ NUT       1.011 125.82  0.971 116.70    

d/γ VEG       1.321 178.51  1.221 158.66    

γ PCTCA             NSd  

γ IR4PRED             0.0410 1.00e 

e PESTSCON 0.011 5.66  0.011 6.80  0.011 8.53  0.011 8.18  0.011 6.59 

e PCONSQ -8.9E-61   -0.1E-41   -0.1E-41   -0.1E-41   -9.4E-61  

s ORALSAFE -0.231 -4.77  -0.461 -9.65  -0.451 -11.26  -0.481 -12.08  -0.461 -9.37 

s DERMSAFE    0.02 0.35  0.02 0.44   -0.27  0.05 0.97 

s EYESAFE    0.371 8.36  0.391 10.57  0.371 9.89  0.421 9.14 

s INHLSAFE    -0.10 -2.10  -0.11 -2.80   -0.27  -0.1710 -3.49 

s RFD    15.041 2.75  15.321 3.40  15.33 3.38  12.981 2.30 

s CARC 0.09 3.05  0.155 5.39  0.185 8.09  0.171 7.57  0.271 9.86 

s BEESAFE 0.13 2.24a  0.235 4.30  0.255 5.53  0.235 5.08  0.271 4.74 

s BIRDSAFE    -0.02 -0.51c  -0.04 -0.96  0.01 0.24  -0.01 -0.29 

s FISHSAFE 0.241 3.46  0.02 0.22  4.8E-3 0.08  0.02 0.39  0.06 0.83 

a AGE 0.021 2.90b         0.77    

q LBSOLD             -0.081 -0.57f 

p PATENT             -1.201 -61.86 

d PERSIST -0.10 -1.42  0.02 0.33  -0.02 0.42  0.03 0.60  0.01 -0.20 

d MOBILITY -0.291 -8.14  -0.451 -12.46  -0.461 -15.01  -0.451 -14.52  -0.481 -13.01 

d×s PCCRFD       -0.0115        

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          -1.6E-101     

v×s VALSAFE          -4.1E-8     

v×a VALAGE          1.5E-85     

Base Probability  0.29   0.27   0.13   0.13   0.30 

N 1,766   1,766   1,766   1,766   1,766  

Log likelihood -963   -952   -927   -925   -932  

R-squared 0.26   0.27   0.29   0.29   0.28  

Rescaled R-sq. 0.34   0.35   0.38   0.38   0.38  

Notes: See Table 9.15. 
 aWhen BEESAFE is included without PESTSCON it is statistically significant at 1 percent and 

has a marginal probability of –10.48. 
 bWhen AGE is included without PESTSCON it is statistically significant at 1 percent and has a 

marginal probability of 5.88. 
 cWhen BIRDSAFE is included without ORALSAFE, DERMSAFE, or BEESAFE it is 

statistically significant at 1 percent and has a marginal probability of –3.43. 
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 dWhen PCTCA is included without VALACRE it is statistically significant at 5 percent and has 
a marginal probability of 0.38. 

 eWhen IR4PRED is included without VALACRE it is statistically significant at 1 percent and 
has a marginal probability of 1.50. 

 fWhen LBSOLD is included without PESTSCON it is statistically significant at 1 percent and 
has a marginal probability of 0.59. 
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Table 9.21—Regression results: 1991-95 flow of new herbicide registrations 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -1.72   -1.09   -0.48   -0.37   1.30  

v VALUE 2.7E-61 3.24  7.1E-71 1.06  1.2E-61 1.48  -2.1E-6 0.58  3.9E-710 0.56 

v VALSQ -1.0E-12              

v CHANGE -5.1E-61 -0.31  -4.5E-61 -0.27  -2.4E-6 -0.12  -1.4E-6 -0.07  -1.5E-6 -0.09 

l VALACRE             -2.5E-41 -3.46 

l VALACSQ             NS  

d PCC               

d/γ SHFEED       0.0215 0.08  0.021 0.13    

d/γ FRUIT       NS        

d/γ NUT       NS        

d/γ VEG       -0.801 -35.84  -0.705 -34.10    

γ PCTCA             NS  

γ IR4PRED             -0.151 -3.29e 

e PESTSCON 0.021 6.36  7.5E-31 3.35  7.6E-31 2.81  6.8E-31 2.89  8.0E-31 3.36 

e PCONSQ -0.2E-41              

s ORALSAFE -0.951 -16.66  -0.911 -15.61  -0.971 -14.25  -0.825 -12.83  -1.041 -16.98 

s DERMSAFE    0.4310 7.67  0.38 5.61  0.3915 5.64  0.33 5.54 

s EYESAFE    0.2210 3.97  0.275 4.04  0.305 4.31  0.2410 4.12 

s INHLSAFE    -0.3515 -6.12c  -0.4110 -6.04  -0.3715 -6.10  -0.34 -5.68 

s RFD    0.12 0.01  -1.08 -0.10  -0.29 -0.03  -0.20 -0.02 

s CARC 0.4410 13.60a  0.3815 11.35  0.4510 11.02  0.3615 9.32  0.4015 11.19 

s BEESAFE -0.741 -13.11  -0.631 -10.88  -0.661 -9.76  -0.621 -9.49  -0.601 -10.04 

s BIRDSAFE    -0.11 -1.96d  -0.11 -1.57  -0.3215 -4.96  -0.25 -4.16 

s FISHSAFE 0.355 6.34b  0.375 6.49  0.325 4.81  0.345 5.26  0.3310 5.53 

a AGE -1.0E-3 -0.13         -1.04    

q LBSOLD             NSf  

p PATENT             0.48 27.39 

d PERSIST -0.15 -1.82  -0.08 -0.92  -0.16 -1.62  -0.14 -1.44  -0.19 -2.11 

d MOBILITY 0.561 10.37  0.401 7.05  0.421 6.20  0.411 6.31  0.451 7.66 

d×s PCCRFD       -0.0210        

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       2.37        

v×e VALPEST          2.8E-9     

v×s VALSAFE          -9.2E-8     

v×a VALAGE          -3.7E-81     

Base Probability  0.40   0.41   0.51   0.49   0.44 

N 452   452   452   452   452  

Log likelihood -220   -226   -215   -214   -211  

R-squared 0.34   0.32   0.35   0.36   0.36  

Rescaled R-sq. 0.45   0.43   0.47   0.47   0.48  

Notes: See Table 9.15. 
 aWhen CARC is included without FISHSAFE it is statistically significant at 1 percent and has a 

marginal probability of 27.84. 
 bWhen FISHSAFE is included without CARC it is statistically significant at 1 percent and has a 

marginal probability of 8.41. 
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 cWhen INHLSAFE is included without ORALSAFE and BIRDSAFE it is statistically 
significant at 1 percent and has a marginal probability of –12.55. 

 dWhen BIRDSAFE is included without ORALSAFE, INHLSAFE, or AGE it is statistically 
significant at 1 percent and has a marginal probability of –9.43. 

 eWhen IR4PRED is included without VALACRE it is statistically significant at 1 percent and 
has a marginal probability of –5.08. 

 fWhen LBSOLD is included without PESTSCON it is statistically significant at 1 percent and 
has a marginal probability of 0.13. 
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Table 9.22—Regression results: 1995-99 flow of new herbicide registrations 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -1.42   -2.53   -1.01   -1.38   -0.69  

v VALUE 1.0E-6 1.39  7.2E-71 1.07  5.3E-75 0.44  2.4E-6 1.02  4.2E-710 0.61 

v VALSQ -1.6E-13              

v CHANGE -1.4E-6 -0.08  -1.6E-6 -0.09  -5.4E-7 -0.02  -8.3E-7 -0.04  -4.4E-7 -0.03 

l VALACRE             -8.2E-41 -6.47 

l VALACSQ             6.8E-85  

d PCC               

d/γ SHFEED       NS        

d/γ FRUIT       -1.241 -39.76  -0.45 -20.00    

d/γ NUT       -0.68 -24.16       

d/γ VEG       -1.651 -55.22  -1.091 -46.61    

γ PCTCA             NSb  

γ IR4PRED             -0.02 -0.49c 

e PESTSCON 0.11 3.82  4.7E-31 2.04  5.0E-31 1.22  4.5E-31 1.63  5.4E-31 2.31 

e PCONSQ -0.1E-410              

s ORALSAFE -0.981 -16.29  -0.955 -16.06  -1.051 -10.77  -0.985 -13.35  -0.795 -13.17 

s DERMSAFE    -0.22 -3.78  -0.25 -2.47   -0.20    

s EYESAFE    0.06 1.10  0.06 0.58   -0.20    

s INHLSAFE    -0.07 -1.23  -0.01 -0.11   -0.20    

s RFD    1.07 0.12  -2.75 -0.18  1.08 0.10    

s CARC -0.15 -4.32a  0.13 3.90  0.12 1.98  0.03 0.76  0.26 7.37 

s BEESAFE -0.811 -13.42  -0.871 -14.77  -0.961 -9.84  -0.891 -11.99  -0.981 -16.21 

s BIRDSAFE     0.26 4.49   0.30 2.92  0.02 0.20    

s FISHSAFE 1.211 20.87  1.111 19.56  1.141 10.45  1.131 14.66  1.011 17.34 

a AGE -0.041 -4.29         -1.04    

q LBSOLD             NSd  

p PATENT             0.13 7.19 

d PERSIST 0.17 1.88  0.01 0.09  -0.09 -0.58  -0.03 -0.25  -0.28 -3.16 

d MOBILITY 1.021 17.64  1.011 17.84  1.051 9.67  1.021 13.34  1.061 18.16 

d×s PCCRFD       NS        

d×s FEEDRFD       NS        

d×s FRUITRFD       6.995        

d×s VEGRFD       4.5510        

v×e VALPEST          1.4E-9     

v×s VALSAFE          -5.9E-8     

v×a VALAGE          -4.2E-81     

Base Probability  0.43   0.42   0.67   0.55   0.43 

N 420   420   420   420   420  

Log likelihood -188   -195   -187   -186   -183  

R-squared 0.37   0.34   0.37   0.37   0.38  

Rescaled R-sq. 0.49   0.46   0.49   0.49   0.51  

Notes: See Table 9.15. 
 aWhen CARC is included without FISHSAFE it is statistically significant at 1 percent and has a 

marginal probability of 25.92. 
 bWhen PCTCA is included without VALACRE it is statistically significant at 10 percent and 

has a marginal probability of –0.45. 
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 cWhen IR4PRED is included without VALACRE it is statistically significant at 5 percent and 
has a marginal probability of –2.21. 

 dWhen LBSOLD is included without EYESAFE, BIRDSAFE, or FISHSAFE it is statistically 
significant at 1 percent and has a marginal probability of 0.15. 
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Table 9.23—Regression results: 1991-95 flow of new insecticide registrations 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT 7.67   0.87   -1.37   -2.48   0.04  

v VALUE -1.7E-7 -0.28  2.3E-7 0.48  2.3E-61 5.76  7.4E-61 3.09  3.3E-7 0.80 

v VALSQ 7.8E-14              

v CHANGE 8.1E-61 0.71  6.9E-61 0.55  2.7E-6 0.26  8.1E-65 0.20  5.7E-610 0.53 

l VALACRE             NSc  

l VALACSQ             NS  

d PCC        -1.02       

d/γ SHFEED       -8.7E-3 -0.50       

d/γ FRUIT       1.965 455.94  2.231 678.14    

d/γ NUT       1.825 400.41  2.221 670.52    

d/γ VEG       2.241 581.43  2.411 796.00    

γ PCTCA             NS  

γ IR4PRED             0.1310 4.78 

e PESTSCON 0.011 8.49  4.6E-31 2.74  6.2E-31 4.47  4.6E-31 4.01  5.1E-31 3.53 

e PCONSQ -0.1E-41              

s ORALSAFE -0.941 -22.18  -1.351 -28.66  -1.671 -38.38  -0.991 -27.85  -1.011 -24.61 

s DERMSAFE    0.525 13.06  0.701 22.20  0.731 19.45  0.565 16.65 

s EYESAFE    0.46 11.60b  0.48 14.63  0.6210 15.84  1.091 35.08 

s INHLSAFE    0.4710 11.75  0.545 16.61  0.575 14.20  0.19 5.44 

s RFD    1.65 0.33  9.93 2.00  -10.57 -2.43  -19.87 -4.51 

s CARC -0.3215 -13.10  -0.535 -19.59  -0.555 -23.32  -0.585 -24.68  -0.871 -33.64 

s BEESAFE 0.07 1.60a  -0.09 -1.75  -0.15 -3.50  0.02 0.60  0.19 4.60 

s BIRDSAFE    0.3910 9.76  0.711 22.25  0.29 8.99  0.04 1.15 

s FISHSAFE -0.03 -0.45  -0.13 -2.01  -0.10 -1.83  -0.23 -4.36  -0.10 -1.87 

a AGE -0.131 -23.16         -7.87    

q LBSOLD             NS  

p PATENT             3.011 747.13 

d PERSIST -0.685 -11.42  -0.46 -7.14  -0.54 -9.74  -0.53 -9.78  -0.36 -6.52 

d MOBILITY -0.515 -16.60  -0.04 -1.20  -0.16 -6.07  -0.08 -3.23  -0.22 -8.00 

d×s PCCRFD       -0.051        

d×s FEEDRFD       -1.751        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          3.5E-9     

v×s VALSAFE          -4.7E-75     

v×a VALAGE          -1.4E-71     

Base Probability  0.12   0.20   0.05   0.02   0.07 

N 264   264   264   264   264  

Log likelihood -99   -119   -104   -101   -98  

R-squared 0.38   0.25   0.35   0.37   0.39  

Rescaled R-sq. 0.51   0.34   0.47   0.49   0.52  

Notes: See Table 9.15. 
 aWhen BEESAFE is included without PESTSCON or BEESAFE it is statistically significant at 

1 percent and has a marginal probability of –17.82. 
 bWhen EYESAFE is included without DERMSAFE or EYESAFE it is statistically significant at 

5 percent and has a marginal probability of 10.33. 
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 cWhen VALACRE is included without IR4PRED it is statistically significant at 5 percent and 
has a marginal probability of 4.22. 

 dWhen PCTCA is included without VALACRE or IR4PRED it is statistically significant at 5 
percent and has a marginal probability of 1.39. 

 eWhen IR4PRED is included without PATENT it is statistically significant at 1 percent and has 
a marginal probability of 5.75. 

 fWhen LBSOLD is included without PESTSCON it is statistically significant at 10 percent and 
has a marginal probability of 0.61. 
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Table 9.24—Regression results: 1995-99 flow of new insecticide registrations 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT 0.63   -2.60   -4.94   -2.66   -4.09  

v VALUE -5.7E-7 -0.47  5.1E-75 0.90  4.0E-9 0.01  7.6E-7 -1.28  4.8E-710 0.73 

v VALSQ 6.0E-13              

v CHANGE -1.8E-6 -0.13  -1.6E-6 -0.11  -1.1E-6 -0.08  -1.1E-6 -0.11  -2.5E-610 -0.15 

l VALACRE             7.3E-45 3.04 

l VALACSQ             -1.0E-71  

d PCC        0.34   0.43    

d/γ SHFEED       NS        

d/γ FRUIT       NS        

d/γ NUT       NS        

d/γ VEG       0.941 89.57  0.861 67.55    

γ PCTCA             4.7E-3 0.44c 

γ IR4PRED             NS  

e PESTSCON 0.021 7.47  5.7E-31 2.91  0.011 7.64  0.011 5.48  5.1E-31 2.44 

e PCONSQ -0.1E-41      -0.1E-41   -0.1E-41     

s ORALSAFE -0.901 -18.82  -1.291 -24.39  -1.191 -24.93  -0.811 -16.40  -1.441 -24.22 

s DERMSAFE    0.18 3.81  0.10 2.23   -0.28  0.27 4.90 

s EYESAFE    0.525 11.05  0.811 20.23   -0.28  0.525 9.41 

s INHLSAFE    -0.06 -1.18  -0.3515 -8.00   -0.28  -0.10 -1.80 

s RFD    20.8015 3.59b  23.1010 4.55  31.311 5.53  31.315 4.66 

s CARC 0.05 2.05  0.11 3.93  0.24 9.81  0.15 5.13  0.25 7.40 

s BEESAFE 0.425 8.01  0.3710 6.47  0.495 9.76  0.515 9.04  0.485 7.10 

s BIRDSAFE    0.3215 6.70  0.32 7.76  0.09 1.79  0.3315 5.99 

s FISHSAFE 0.501 7.57  0.29 4.06  0.35 5.62  0.3610 5.13  0.25 2.93 

a AGE -0.061 -10.27         -1.96    

q LBSOLD             NSd  

p PATENT             -1.0710 -53.27 

d PERSIST 0.465 7.03  0.545 7.58  0.781 12.66  0.535 7.56  0.4410 5.26 

d MOBILITY -0.431 -12.37  -0.375 -9.77  -0.445 -12.92  -0.3010 -8.13  -0.3510 -8.20 

d×s PCCRFD       0.0210   0.035     

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          3.3E-91     

v×s VALSAFE          -5.2E-8     

v×a VALAGE          -4.7E-810     

Base Probability  0.26   0.32   0.22   0.30   0.41 

N 280   280   280   280   280  

Log likelihood -150   -155   -142   -144   -147  

R-squared 0.27   0.24   0.31   0.30   0.29  

Rescaled R-sq. 0.36   0.32   0.42   0.40   0.38  

Notes: See Table 9.15. 
 aWhen ORALSAFE is included without BEESAFE it is statistically significant at 5 percent and 

has a marginal probability of –8.26. 
 bWhen RFD is included without PESTSCON or DERMSAFE it is statistically significant at 1 

percent and has a marginal probability of 5.20. 
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 cWhen PCTCA is included without VALACRE it is statistically significant at 5 percent and has 
a marginal probability of 0.93. 

 dWhen LBSOLD is included without PATENT it is statistically significant at 1 percent and has a 
marginal probability of –1.47. 
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Table 9.25—Regression results: 1991-95 flow of herbicide withdrawals 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT  4.81    2.00   -6.31   -1.20   10.04  

v VALUE 2.9E-7 0.29  -5.7E-8 -0.03  1.1E-7 0.72   -1.03  -2.6E-7 -0.15 

v VALSQ -1.7E-13              

v CHANGE 1.7E-6 0.10  8.2E-7 0.02  -2.0E-6 -0.11  -3.8E-7 -0.01  3.0E-6 0.07 

l VALACRE             NS  

l VALACSQ             NS  

d PCC        -0.06       

d/γ SHFEED       NS        

d/γ FRUIT       3.035 92.23  2.105 50.31    

d/γ NUT       2.7310 100.19  2.7310 55.36    

d/γ VEG       2.095 57.68  0.69 23.40    

γ PCTCA             NS  

γ IR4PRED             -0.331 -3.13 

e PESTSCON -0.021 -6.26  -0.011 -1.25  -9.7-31 -3.90  -9.7E-31 -2.83  -0.021 -3.63 

e PCONSQ 2.0E-510            2.2E-515  

s ORALSAFE 0.73 12.96  0.88 4.93  2.235 35.37  1.4710 15.18  1.4815 8.97 

s DERMSAFE    0.13 0.80  0.14 2.22  -0.36 -4.82  -0.07 -0.50 

s EYESAFE    0.33 1.95  0.5910 9.56  0.665 6.76  0.6210 4.08 

s INHLSAFE    0.53 3.10  0.51 8.18  0.84 8.66  -0.38 -2.73 

s RFD    -12.121 -0.50  -2.29 -0.30  -9.805 -0.75  -8.845 -0.41 

s CARC -0.93 -25.46  -1.1210 -13.28  -1.3310 -33.67  -1.05 -20.91  -1.1815 -15.62 

s BEESAFE -1.551 -25.62  -1.045 -6.98  -0.8510 -13.51  -1.035 -12.17  -1.381 -10.50 

s BIRDSAFE    -0.40 -2.49b  -0.77 -12.20  -0.27 -3.17  -0.08 -0.52 

s FISHSAFE 0.11 1.86  1.301 7.00c  1.431 22.99  1.185 12.79  0.26 1.78 

a AGE 0.141 17.83         1.70    

q LBSOLD             0.06 0.14d 

p PATENT             -2.6510 -75.15 

d PERSIST -0.17 -1.93  0.21 0.85  1.3210 14.17  0.34 2.54  -0.13 -0.61 

d MOBILITY 0.03 0.52  0.08 0.47  0.37 6.01  -3.8E-3 -0.04  -0.29 -2.07 

d×s PCCRFD       NS        

d×s FEEDRFD       -0.5310        

d×s FRUITRFD       -38.0915        

d×s VEGRFD       -46.811        

v×e VALPEST          -4.1E-10     

v×s VALSAFE          -2.3E-71     

v×a VALAGE          8.1E-81     

Base Probability  0.42   0.80   0.47   0.62   0.77 

N 160   160   160   160   160  

Log likelihood -63   -68   -59   -59   -55  

R-squared 0.45   0.41   0.48   0.48   0.50  

Rescaled R-sq. 0.60   0.55   0.64   0.64   0.67  

Notes: See Table 9.15. 
 aWhen EYESAFE is included without DERMSAFE, BEESAFE, or FISHSAFE it is statistically 

significant at 10 percent and has a marginal probability of 4.73. 
 bWhen BIRDSAFE is included without ORALSAFE, RFD, or FISHSAFE it is statistically 

significant at 1 percent and has a marginal probability of –14.82. 
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 cWhen FISHSAFE is included without DERMSAFE, EYESAFE, CARC, BEESAFE, or 
BIRDSAFE it is statistically significant at 1 percent and has a marginal probability of 5.63. 

 dWhen LBSOLD is included without EYESAFE, BEESAFE, BIRDSAFE, FISHSAFE, or 
PERSIST it is statistically significant at 1 percent and has a marginal probability of 0.28. 
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Table 9.26—Regression results: 1995-99 flow of herbicide withdrawals 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT 1.05   14.25   -1.82   -3.68   -1.93  

v VALUE 3.1E-7 0.37  9.8E-710 1.36  6.8E-7 0.74  -3.6E-7 -0.10  8.3E-710 0.92 

v VALSQ 6.8E-14              

v CHANGE 4.3E-6 0.18  5.5E-615 0.29  8.4E-65 0.34  4.2E-6 0.16  4.1E-6 0.17 

l VALACRE             NS  

l VALACSQ             NS  

d PCC               

d/γ SHFEED       NS        

d/γ FRUIT       NS        

d/γ NUT       NS        

d/γ VEG       NS 31.61       

γ PCTCA             NS  

γ IR4PRED             NS  

e PESTSCON 9.4E-3 1.27a  -0.011 -2.94  0.0215 3.04  0.01 1.10  -0.015 -2.09 

e PCONSQ -0.3E-410      -0.5E-45   -0.5E-410     

s ORALSAFE -0.8915 -11.45  -2.741 -40.74  -0.95 -12.34  -1.6510 -20.83  -0.68 -8.97 

s DERMSAFE    0.18 2.93  -1.625 -21.23   -0.31    

s EYESAFE    -1.871 -28.88      -0.31    

s INHLSAFE    0.14 2.34  0.17 2.16   -0.31    

s RFD    -3.99 -0.43  -45.801 -3.95  0.43 0.03  -16.741 -1.46 

s CARC 0.01 0.239  -1.2515 -31.82  0.58 12.15  0.20 3.89  0.32 6.92 

s BEESAFE 0.755 9.25  0.28 4.61  0.51 6.54  0.44 5.23  1.185 14.92 

s BIRDSAFE    2.081 33.38  1.641 19.98  1.631 18.35  0.81 10.35 

s FISHSAFE 0.10 1.24  0.16 2.62  0.20 2.52  0.38 4.57  -0.21 -2.80 

a AGE -0.01 -0.91         1.19    

q LBSOLD             NSb  

p PATENT             9.911 77.02 

d PERSIST 0.02 0.20  -0.79 -8.49  -0.47 -4.06  0.14 1.15  -0.46 -3.99 

d MOBILITY -0.36 -4.57  -0.31 -4.97  0.01 0.12  -0.02 -0.22  -0.40 -5.23 

d×s PCCRFD       NS        

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       41.025        

v×e VALPEST          4.3E-9     

v×s VALSAFE          -1.0E-7     

v×a VALAGE          5.4E-8     

Base Probability  0.58   0.46   0.57   0.60   0.56 

N 80   80   80   80   80  

Log likelihood -39   -31   -31   -34   -32  

R-squared 0.34   0.46   0.46   0.42   0.44  

Rescaled R-sq. 0.45   0.62   0.62   0.56   0.59  

Notes: See Table 9.15. 
 aWhen PESTSCON is included without BEESAFE or PCONSQ it is statistically significant at 1 

percent and has a marginal probability of –1.16. 
 bWhen LBSOLD is included without PESTSCON it is statistically significant at 1 percent and 

has a marginal probability of –0.22. 
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Table 9.27—Regression results: 1991-95 flow of insecticide withdrawals 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -5.04   -4.15   -4.39   -3.38   -3.66  

v VALUE -1.9E-7 -0.37  -6.1E-8 -0.14  -6.9E-8 -0.17  -1.2E-615 0.92  -6.2E-9 -0.15 

v VALSQ 5.6E-14              

v CHANGE 3.0E-65 0.27  2.9E-65 0.26  2.4E-615 0.22  2.7E-65 0.25  2.9E-65 0.27 

l VALACRE             NS  

l VALACSQ             NS  

d PCC               

d/γ SHFEED       NS        

d/γ FRUIT       0.06 5.47       

d/γ NUT       0.13 12.97       

d/γ VEG       0.35 37.94       

γ PCTCA             -3.7E-3 -0.56 

γ IR4PRED             0.05 1.94 

e PESTSCON -4.5E-35 -2.74  -3.6E-31 -2.47  -3.8E-31 -2.59  -4.0E-31 -2.60  -0.011 -4.35 

e PCONSQ 1.5E-6              

s ORALSAFE -0.691 -16.99  -0.601 -15.21  -0.581 -14.97  -0.6510 -15.65  -0.651 -16.78 

s DERMSAFE    NS       0.95    

s EYESAFE    -0.2615 -7.00c  -0.2715 -7.29  -0.355 -8.40  -0.3610 -9.59 

s INHLSAFE    0.525 15.21  0.535 16.00  0.4010 12.69  0.781 24.26 

s RFD    -36.331 -8.00  -37.241 -8.33  -34.431 -7.59  -31.991 -7.21 

s CARC 0.385 18.13  0.2710 13.23  0.2710 13.31  0.2615 12.34  0.14 6.80 

s BEESAFE 1.171 29.10a  0.685 16.78  0.6510 16.13  0.845 20.95  0.37 8.98 

s BIRDSAFE    0.14 3.81  0.13 3.60  0.07 2.06  0.13 3.63 

s FISHSAFE -2.301 -34.14  -2.021 -31.25  -2.041 -31.94  -2.141 -32.80  -2.181 -33.72 

a AGE 0.02 3.76b         -0.23    

q LBSOLD             0.115 1.04d 

p PATENT             -1.75 -81.54 

d PERSIST 1.071 20.61  0.751 14.56  0.741 14.75  0.771 14.88  0.731 14.62 

d MOBILITY 0.661 25.80  0.761 31.69  0.801 34.08  0.761 31.32  0.901 39.41 

d×s PCCRFD       NS        

d×s FEEDRFD       NS        

d×s FRUITRFD       NS        

d×s VEGRFD       NS        

v×e VALPEST          4.6E-101     

v×s VALSAFE          1.3E-71     

v×a VALAGE          -4.2E-9     

Base Probability  0.11   0.09   0.07   0.09   0.07 

N 600   600   600   600   600  

Log likelihood -295   -290   -289   -286   -286  

R-squared 0.33   0.34   0.34   0.35   0.35  

Rescaled R-sq. 0.44   0.46   0.46   0.47   0.47  

Notes: See Table 9.15. 
 aWhen BEESAFE is included without PERSIST it is statistically significant at 5 percent and has 

a marginal probability of 13.81. 
 bWhen AGE is included without PERSIST it is statistically significant at 1 percent and has a 

marginal probability of 8.27. 
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 cWhen EYESAFE is included without ORALSAFE, INHLSAFE, or RFD it is statistically 
significant at 5 percent and has a marginal probability of –4.91. 
dWhen LBSOLD is included without PESTSCON it is statistically significant at 10 percent and 
has a marginal probability of –0.49. 
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Table 9.28—Regression results: 1995-99 flow of insecticide withdrawals 
 Model 1  Model 2  Model 3  Model 4  Model 5 
Independent 
Variables Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability  Coefficient 

Marginal 
Probability 

INTERCEPT -0.56   -2.60   4.81   3.38   5.67  

v VALUE -1.8E-610 -0.64  6.4E-8 0.01  -1.8E-7 -0.05  2.7E-6 -0.02  -2.4E-7 -0.17 

v VALSQ 9.0E-13              

v CHANGE -1.8E-6 -0.04  -1.4E-6 -0.01  -1.6E-6 -0.02  -1.6E-6 -0.01  -1.6E-6 -0.04 

l VALACRE             -1.1E-31 -2.41 

l VALACSQ             1.4E-71  

d PCC               

d/γ SHFEED       NS        

d/γ FRUIT       -2.105 -11.32  -1.0610 -12.05    

d/γ NUT       -0.45 -5.57       

d/γ VEG       -1.5210 -52.43  -1.255 -15.36    

γ PCTCA             NS  

γ IR4PRED             NSf  

e PESTSCON -0.031 -3.43  -1.8E-3 -0.12  -0.041 -2.73  -0.031 -1.65  -0.041 -6.80 

e PCONSQ 2.4E-51      3.6E-51   3.1E-51   3.5E-51  

s ORALSAFE -0.39 -2.35  0.40 1.03  0.32 0.94  0.53 1.02  0.39 3.02 

s DERMSAFE    0.06 0.16  0.941 2.59  0.725 1.39  0.801 6.07 

s EYESAFE    -0.22 -0.59a  -1.251 -4.48  -1.111 -2.86  -1.185 -10.24 

s INHLSAFE    -0.941 -2.82  0.40 1.17  0.08 0.11  0.13 1.07 

s RFD    -31.905 -0.74b  -60.945 -1.66  -23.6715 -0.44  -20.10 -1.36 

s CARC 0.725 6.38  0.33 1.37  -3.9E-3 -0.02  0.04 0.15  -0.12 -1.64 

s BEESAFE -0.64 -3.31  0.36 0.78c  -0.82 -2.37  -0.76 -1.50  -0.9510 -6.72 

s BIRDSAFE    0.26 0.67d  -0.995 -3.42  -0.8310 -2.02  1.005 -8.58 

s FISHSAFE 0.911 3.38  1.751 2.72  1.381 2.53  1.481 1.90  1.501 7.48 

a AGE -0.061 -2.93         -0.31    

q LBSOLD             NSg  

p PATENT             NSh  

d PERSIST -0.40 -1.61  -0.47 -0.88  -1.931 -4.62  -1.645 -2.75  -1.911 -11.12 

d MOBILITY 0.931 6.50  0.5115 1.67e  1.621 5.15  1.481 3.36  1.681 15.11 

d×s PCCRFD       NS        

d×s FEEDRFD       NS        

d×s FRUITRFD       51.6610        

d×s VEGRFD       -37.75        

v×e VALPEST          1.3E-91     

v×s VALSAFE          -1.0E-7     

v×a VALAGE          -6.9E-810     

Base Probability  0.80   0.91   0.90   0.93   0.73 

N 228   228   228   228   228  

Log likelihood -87   -103   -79   -79   -79  

R-squared 0.46   0.38   0.50   0.50   0.50  

Rescaled R-sq. 0.62   0.51   0.67   0.67   0.67  

Notes: See Table 9.15. 
 aWhen EYESAFE is included without ORALSAFE, DERMSAFE, or INHLSAFE it is 

statistically significant at 5 percent and has a marginal probability of –2.69. 
 bWhen RFD is included without PESTSCON, ORALSAFE, or DERMSAFE it is statistically 

significant at 1 percent and has a marginal probability of 0.94. 
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 cWhen BEESAFE is included without PESTSCON or BIRDSAFE it is statistically significant at 
1 percent and has a marginal probability of 0.77. 

 dWhen BIRDSAFE is included without ORALSAFE, INHLSAFE, BEESAFE, or MOBILITY it 
is statistically significant at 5 percent and has a marginal probability of 2.50. 

 eWhen MOBILITY is included without ORALSAFE or BIRDSAFE it is statistically significant 
at 1 percent and has a marginal probability of 4.84. 

 fWhen IR4PRED is included without VALACRE it is statistically significant at 10 percent and 
has a marginal probability of –0.91. 

 gWhen LBSOLD is included without PESTSCON it is statistically significant at 5 percent and 
has a marginal probability of 0.02. 

 hWhen PATENT is included without FISHSAFE or PERSIST it is statistically significant at 1 
percent and has a marginal probability of 44.44. 

 
 


