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I)  INTRODUCTION 

 Although pesticides have been used for centuries, the health and environmental 

hazards of pesticide residues were not well known until the publication of Silent Spring 

by Rachel Carson.  Before the 1940’s, old fashioned types of pesticides were available, 

but not used as extensively as today.  Kerosene was rubbed on bed frames to ward off bed 

bugs and citronella was used as an insect repellent.  As early as 1870, Paris Green 

(copper acetoarsenite) was used to control the potato beetle and in the next decade 

Bordeaux mixture (quicklime and copper sulfate) was developed as a fungicide for 

grapes.  Arsenicals, sulfur compounds, and oils were the most common pesticides before 

World War II (Osteen and Padgitt). 

The modern age of synthetic pesticides began in 1942 with the discovery by Paul 

Hermann Muller of Switzerland.  By reacting chloral with chlorobenzene in the presence 

of sulfuric acid, Muller discovered a new synthetic chemical called 

dichlorodiphenyltrichloroethane, commonly known as DDT.  This won Muller the Nobel 

Prize in Physiology or Medicine in 1948.  DDT is referred to as a “persistent” pesticide 

because it is a stable chemical that remains in the soil and water for long durations.  

Microorganisms, enzymes, heat, and ultraviolet light do not break down DDT as easily as 

other pesticides.  Although other chemicals were subsequently developed, until Silent 

Spring became a bestseller, DDT was the most popular. 

 During its first years of use, DDT was seen as a miracle chemical and in World 

War II was referred to as a “savior of mankind”.  During World War I, 150,000 soldiers 

fell to typhus and when World War II began this fatal disease with mortality rates of 50 

to 70 percent was as deadly an enemy as Germany.  DDT stopped the transmission of 
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typhus through fleas, and World War II became the first war where more people died 

from casualties than disease (Online Ethics)1.   

 Due to its effectiveness, low cost and perceived safety, DDT consumption 

increased from 125 to 600 million pounds after World War II.  Its persistent nature 

allowed farmers to apply DDT and benefit from its protection many years after.  

Demonstrations were held endorsing DDT’s safety by the Public Health Department, and 

as it gained publicity the public allowed sprayings on public grounds and their own 

backyards2.  Although its persistence was its beginning source of fame, it soon became its 

demise. 

 DDT not only remains in the soil for extended periods of time, but in animal fat as 

well.  As earthworms preyed on fallen elm leaves they were consuming DDT.  Waste 

from the leaves left the worm but the DDT did not.  As robins preyed on worms they 

were preying on DDT.  Waste from worms was excreted but the DDT was not.  Every 

worm eaten would build up more DDT in the robin’s fat and as DDT accumulated death 

would follow.  The robins’ death and their cause was noted in 1958 by Roy Barker of the 

Illinois Natural History Survey at Urbana, but as early as 1946, Elmer Higgins and 

Clarence Cotton had already written about the threat of DDT to wildlife in the Journal of 

Economic Entomology.  At first, these hazards did not find their way into the public eye, 

only DDT’s benefits. 

 Rachel Carson was aware of these studies, and proposed an article to Reader’s 

Digest regarding these dangers.  The proposal was rejected.  Carson did not  

                                                        
1 This fact may be attributable to different weaponry as well. 
2 One DDT salesman is said to have drunk DDT to illustrate its safety.  As of 2001, this salesman is still 
living. 
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pursue the matter further until her letter from Olga Huckins in 1958.  A year earlier, 

planes spraying DDT to control mosquitoes covered Huckins’ bird sanctuary killing a 

large number of birds.  Olga Huckins urged Carson to persuade Washington of DDT’s 

dangers.  To achieve this, Carson began writing Silent Spring. 

 Not surprisingly, she experienced hostility by the chemical industry.  They not 

only refused to assist in providing information to Carson but counteracted by publishing 

pamphlets endorsing DDT and other pesticides’ safety.  The government provided no 

assistance either3.  Due to lack of support, she kept her work silent until Silent Spring’s 

publication. 

 Upon its publication in 1962, Silent Spring elicited much attention.  President 

Kennedy ordered the Science Advisory Committee to study pesticides’ effects, and parts 

of the book were inserted into the Congressional Record.  Silent Spring was bought by 

the Book-of-the-Month Club with advanced sales of 40,000.  Sides were drawn with 

those who were appalled by the facts Silent Spring presented and those who maintained 

their contention that pesticides were safe.  Chemical companies withdrew their 

advertisements from any media advocating Silent Spring (Online Ethics).  

 Rachel Carson’s book achieved its purpose:  Both scientists and the general public 

became aware of pesticides’ dangers.  This forever changed the pesticide industry as now 

the government had a duty to regulation its use.  Pesticide use entails both benefits and 

costs.  Benefits of its use relate to the rate at which pesticide use enhances farm yield, 

thereby raising total production and lowering food commodity prices, achieving a higher 

level of food consumption for society.  The magnitude of these benefits depend upon the 
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rate at which increases in pesticide use can enhance yield--pesticide productivity.  Costs 

of pesticide use can be grouped into two categories 1) private and 2) social costs.  Private 

costs are the costs farmers incur from pesticide purchases.  In competitive markets, this 

equals the value of resources exhausted in pesticide manufacturing and distribution.   

Social costs are the private costs plus all health and environmental costs from 

pesticide use.  This includes illness, higher mortality rates, animal kills, etc.  Since 

farmers do not take into account these health and environmental side-effects4 when 

determining pesticide usage levels, government regulation is needed to achieve an 

socially efficient quantity of pesticides.  An externality exists5.  So long as health and 

environmental quality is a public concern some degree of pesticide regulation will likely 

be pursued. 

From 1962 forward, governments have assumed the responsibility of balancing 

the benefits and costs of pesticide use.  This is no simple endeavor.  The rate at which 

pesticide use at any given point translates into health and environmental damage is 

fraught with uncertainty.  Pesticides are applied by many diverse groups, eliminating the 

possibility of private transactions to correct for the externality.   

                                                                                                                                                                     
3 One government official attacked her personally by saying, “ I thought she a spinster.  What’s she worried 
about genetics for?”   
4 Even if farmers and pesticide manufacturers are altruistic, it is likely they do not fully understand the rate 
at which pesticide use translates to health and environmental degradation.  Such knowledge takes extensive 
research and learning, which in unregulated markets, neither party has large incentives to pursue. 
5 Actually, other externalities than health and environmental hazards exist.  For example, as pesticides 
become incorporated into yearly cropping activities, pests develop a resistance to the active ingredients, 
thereby decreasing pesticide productivity for all farms.  It is doubtful farmers take this into account.   
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Even the benefits of pesticide use are not fully understood.  We know that 

pesticides play a necessary role in maintaining a plentiful food supply while pursuing 

growth in other economic sectors.  Total elimination of pesticides is not an option.  

However, pesticide use must be constrained away from its unregulated level and the 

subsequent decrease in farm yields and the corresponding market impacts are not easily 

estimated. 

Agricultural economists have conducted pesticide productivity measurements in 

an effort to better understand pesticides’ benefits.  Measurements taken on experimental 

plots usually entail small samples.  Measurements taken on private farms allow larger 

samples, but heterogeneity of farm features results in a larger number of observed and 

unobserved explanatory variables6 which consume the degrees of freedom provided by 

those extra observations.  The point is that measurements are, and will likely always be, 

imperfect. 

However imperfect, productivity measurements are useful and have led to 

numerous productivity measurements.  Studies build upon past estimates by identifying 

problem areas and correcting for them.  This study pertains to two problems with 

pesticide productivity measurements that have the potential of causing misleading 

inferences.  Although there is no solution to this problem other than better data collection, 

it is necessary these problems be analyzed in an effort to assess whether productivity 

measurements tend to over or underestimate pesticide productivity. 

                                                        
6 To account for heterogeneity, variables such as region dummy variables or soil types are required.  Other 
variables reflecting heterogeneity, such as managerial skill, often go unmeasured resulting in a bias in 
pesticide productivity measurements. 
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The next section provides a brief history of pesticide regulation with the goal of 

demonstrating why pesticide productivity, a technical feature, is also an economic issue.  

The problems with productivity measurements are discussed to introduce the objectives 

of this study.  The third section discuses the objectives, methodology and results. 

I.1)  Managing the Pesticide Externality:  Why Pesticide Productivity Estimates are 

Important. 

 This section briefly discusses the history of pesticide regulation and paints a broad 

picture of how the pesticide externality is managed.  Pesticide regulation, if conducted in 

the public’s interest, is the act of reconciling the benefits and costs of pesticide use.  

Since this study is more concerned with benefits, the gamut of costs are not discussed.  It 

is fair to say they encompass numerous types, from resources used in research and 

development to the value of bald eagles falling prey to pesticide residues.  Benefits are 

more easily described.  Pesticide use increases farm yields, thereby decreasing food 

prices and increasing per capita consumption of food commodities. 

To better understand the importance of pesticides in our economy, scientists have 

tried to picture the world without them.  Fernandex-Cornejo et al. estimate that yields 

would decrease between 2-26% if insecticides and fungicides were not used.  These yield 

losses would be greater for peanuts, fruits, and vegetables.  In the absence of herbicides 

they estimate a 0-53% yield decrease.  Bradburry and Green estimates a 30% decrease in 

agricultural output in the absence of pesticides.  Knutson et al. estimate the total 

elimination of pesticides in the US would imply an increase in food expenditures per 

household of $228 per year.  In total, this amounts to $30 billion.  Even a partial ban on 
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pesticides could result in great losses.  Pimental et al. conclude a reduction of pesticide 

use in the US by 50% would result in $1 billion of annual costs.   

Total elimination of pesticides is not a policy option, but societal welfare can be 

improved if pesticide use is decreased from its unregulated level.  The question is how 

large of a reduction is desirable.  This determination is difficult enough in a static world 

where everything is held constant.  Alas, real-world policy is conducted in a perpetually 

changing environment.  After 1962, when pesticide regulation became part of public 

policy, regulators had to deal with an increasing pesticide use.  Figure 1.1 shows 

increasing pesticide usage from 1962 until 1980, after which it drops somewhat and 

levels out in the mid-1990’s. 

Figure 1.1
Conventional Pesticide Use in the United States From 1964-1997
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 Economic theory states the optimal pesticide usage level (the socially efficient 

quantity) is where the societal marginal costs equal the societal marginal benefits.  

However, measuring these costs and benefits are difficult, and so regulators use an 

approach more along the lines of safety-first rules. 

 Pesticides are regulated under the Federal Insecticide, Fungicides, and 

Rodenticide Act (FIFRA) and the Miller Amendment to the Federal Food, Drug and 
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Cosmetic Act (FFDCA).  First, let us discuss the FIFRA.  The FIFRA, first passed in 

1947 and amended nine times since, determines which pesticides can be used and places 

limits on their use.  Its enforcement was first handled by the United States Department of 

Agriculture (USDA) and after 1970 by the Environmental Protection Agency (EPA).  

Before 1975, the FIFRA required all pesticides be registered with the EPA (USDA before 

1970) and be labeled in a manner such that it is safe if used as directed.  Safety must be 

demonstrated by scientific evidence and manufacturing plants could be inspected by EPA 

officials.   

Subsequent amendments in 1975, 1978, 1980, and 1980 required re-registration of 

pesticides that were previously registered under less stringent criteria and allowed 

reduced testing requirements for low-risk pesticides.  In 1978, the EPA for the first time 

required applicators undergo certification if they are to apply particular pesticide types.  

Starting in 1981, a risk/benefit analysis was required for all pesticide regulation decisions 

(Courbois). 

 In1988, the FIFRA allowed the EPA to charge registration and annual registration 

maintenance fees which continues until today.  Hence, in addition to private pesticide 

research and development costs, the registration process limits the profitability pesticide 

development.  Ollinger and Fernandez-Cornego estimate it takes up to eleven years and 

between $50 to $70 million to create a new EPA-approved pesticide.  Ceteris paribus, 

these EPA requirements reduce pesticide manufacturing profitability and total pesticide 

use.  Estimates suggests increased regulations have led to 7% to 9% decline in pesticide 

registrations from an unregulated level, it is not clear what period this refers to 
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(Fernandez-Cornejo et al.).  The ceteris paribus assumption does not hold, and Figure 1.2 

shows new active ingredients approved by the EPA has recently been on the rise. 

Figure 1.2
Number of Active Ingredients Registered For The First 
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        Source:  ERS 

However, due to increased safety requirements, new active ingredients do appear to be 

safer. 

Table 1.1 
Number Of Active Ingredients Registered For  

The First Time Grouped By “Safer” and “Not-Safer” 
 

Year Number of New Safer 
Active Ingredients 

Number of New Not- 
Safer Active 
Ingredients 

1990 3 5 
 
1991 7 5 
 
1992 6 5 
 
1993 5 15 
 
1994 16 14 
 
1995 19 12 
 
1996 15 9 
 
1997 19 9 
   

       Source:  ERS 
        Note:  A “safer” pesticide is one that poses a smaller risk than other pesticides used  
        for similar purposes. 
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 In 1996, the FIFRA was amended by the Food Quality Protection Act (FQPA) of 

1996 which requires the consideration of more health risks and limits pesticide benefit 

considerations.  Now, benefits may only be considered for low-risk pesticides and 

emergencies (Courbois).  The purpose of the FIFRA is to establish and enforce a protocol 

for pesticide registration, where registration can be defined as the process through which 

an active ingredient is approved for use, where the approval comes with restrictions on 

the amount it may be applied.  One purpose of pesticide registration, and hence the 

FIFRA, is to meet standards set by the FFDCA. 

 The FFDCA was passed in 1954 and set a maximum level of pesticide residues on 

raw agricultural commodities sold.  Section 408 of the FFDCA required EPA to set these 

tolerances in a manner that considers both risks and benefits of a pesticide’s use.  In 

1958, Section 409 was added to the FFDCA which said this maximum residue level was 

required for all substances involved in food processing as well.  It also included the 

Delaney Clause, which prohibits any additive that is carcinogenic to humans or animals.  

The Delaney Clause was nearly impossible to enforce.  Various interpretations of the 

Delaney Clause was given, some of which were debated in court (Courbois).   

 The Delaney Clause was removed from the FFDCA by the FQPA in 1996 and 

replaced with threshold standard that ensure “a reasonable certainty of no harm from 

aggregate exposure to the pesticide chemical residue.”  No consideration of pesticide 

benefits are allowed in this threshold standard.  As of today, pesticide regulation is 

conducted in a safety-first manner by the FIFRA and the FFDCA.  Benefits are not 
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explicitly considered in pesticide regulation except for very low risk pesticides (Osteen 

and Padgitt).  Are benefits implicitly considered? 

 This study argues that pesticide benefits are part of the regulation process, albeit 

indirectly.  Although regulation of pesticides is conducted to ensure “reasonable certainty 

of no harm” one must question the interpretation of “reasonable.”  This definition may or 

may not change in the presence of larger benefits.  Cropper et al. state the EPA “appears 

to have balanced the risks of pesticide use against the benefits in reaching a final decision 

to cancel or continue a pesticide,” but this study was conducted in 1992 when benefits 

were explicitly considered.  No studies were found to determine whether this statement 

holds after the FQPA was passed in 1996. 

 Even if benefits are not explicitly considered in the present regulation process, 

benefit calculations are useful for analyzing whether the current process is desirable. 

Fernandez-Cornejo et al. state “an important question regarding pesticide regulation is the 

trade-off between health risks and economic benefits implicit in past decisions.”  If 

pesticides are found to be only moderately productive at current usage levels, then the 

exclusion of benefit analysis may not pose a big issue.  However, if productivity 

measurements are high, it is possible that modification of the FQPA to include benefits 

may result in net benefits to society.  This study argues that, although benefits are not an 

important component of current pesticide regulation process, they are an important 

component of determining whether the current process should be modified.  How large 

are pesticide benefits?  This is equivalent to asking:  How productive are pesticides? 

 Productivity measurements have been taken and, although they are surrounded by 

controversies (Fernandez-Cornego et al.), many studies suggest the marginal value 
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pesticide product is higher than the pesticide price.  This implies that there may be room 

for social welfare improvements from increasing pesticide use, providing the difference 

between the marginal value product and the pesticide price exceeds the marginal societal 

cost of pesticide use.  As long as there exist possibilities for welfare improvement by 

changes to the regulation process, agricultural economists will be interested in whether 

this possibility is “high” or “low.”  This determination is partly made with new and 

improved productivity measurements and evaluation of past estimates. 

 This study concerns the evaluation of past estimates.  In particular, it focuses on 

two data problems which have the possibility of over or underestimating pesticide 

productivity.  Virtually all productivity measurements are conducted by estimating yield 

as a function of total pesticide use within the crop year, among other explanatory 

variables.  Two variables rarely included are 1) pest populations and 2) application 

frequency variables7.  Does the exclusion of these two variables greatly impact 

productivity measurements?  And if so, do they tend to over or understate pesticide 

productivity?   

Pest populations are important because the purpose of pesticides is to prevent 

yield damage from pests.  If no pests are present (and no pests will arrive in the future), 

pesticide productivity will be zero or negative at all levels.  If pests are present, 

productivity will likely be positive.  This alone illustrates the fact that pesticide 

productivity is dependent upon the pest population, and the exclusion of pest population 

information will likely bias productivity measurements. 

                                                        
7 Application frequency variables detail the number of pesticide application within a crop year for a 
particular observation. 
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 When estimating yield as a function of pesticide use, the pesticide variables used 

are typically the sum of all pesticide applications within a crop year, and there is typically 

more than one pesticide application.  If the marginal product of pesticides is defined as 

the change in yield from an incremental increase in pesticide use holding all else 

constant, does this also imply the number of applications should be held constant?8  As 

shown in Chapter Four, the estimated marginal products when application frequency 

variables are not used are not the type of marginal products economists usually think 

about.  What is the bias attributable to 1) unavailable pest populations 2) unavailable 

application frequency variables and 3) the unavailability of both data types?  This study 

attempts to answer these three questions. 

I.2)  Objectives, Methodology, and Results 

 This study is concerned with pesticide productivity measurements.  These 

measurements are typically taken by using statistical analysis to determine how changes 

in pesticide use affects farm yields.  High productivity measurements imply incorporating 

benefits into the regulatory process has a higher probability of increasing societal 

welfare9.  Previous estimates have found high productivity levels10, but are these 

estimates credible?  Perfect estimates require the estimation of correlations between yield 

and pesticide use11, holding all else constant.  

                                                        
8 Of course, others may disagree with this interpretation.  If we are to discuss marginal products, we must 
first explicitly define what a marginal product is.  Section IV.4 shows that the definition given here makes 
the most sense in terms of predicting yield changes from associated pesticide use changes. 
9 The term “societal welfare” is defined in this study as the societal benefit minus the social cost of 
pesticide use.   
10 Of course, what is a “high measurement” is open for debate.  This claim is made on the basis that 
estimates have found a dollar spent on pesticides to yield more than a dollar in value. 
11 This is said under the assumption that pesticide use always causes yield, so correlation is causation.  This 
may be questionable.  Higher yields may attract higher pest populations which will elicit larger pesticide 
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Holding everything else constant is next to impossible outside of a laboratory.  

Studies do the best they can to hold yield effects attributable to factors other than varying 

pesticide levels constant by including other relevant variables, such as fertilizer 

applications.  However, two potentially important variables are typically not included: 

pest population and application frequency variables.  These two information types are 

usually ignored because they are unavailable or too expensive to collect, which is beyond 

researchers’ control.  However, the fact that no one has analyzed the bias due to the 

exclusion of these variables from productivity measurements warrants the present study. 

What is the productivity estimation bias attributable to unavailable pest 

population and application frequency information?  Or, equivalently stated, how do 

productivity measurements differ if these two information types are and are not 

available?   

This question is addressed using two approaches.  First, statistical and economic 

theory is used in an attempt to sign the bias.  A crop production model is first developed 

in Section III.1.  The function consists of a deterministic and stochastic component.  Care 

is taken in making this function as general as possible while reflecting the fact that yield 

is a function of pests and pesticide applications at each point in the crop year.  This model 

is assumed to be the true data generating process. 

 This model is used to conduct two thought experiments.  The first addresses the 

bias attributable only to unavailable pest populations by asking:  What would happen if 

researchers use data generated from this crop production model and estimate yield as a 

function of pesticides--without pest population information?  This experiment assumes 

                                                                                                                                                                     
dosages.  In this sense, higher yield causes higher pesticide use.  Based on the assumption that this effect is 
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there is only one application in the crop year, so unavailable application frequency 

variables are not an issue.  Results suggest that a bias is likely present, but cannot be 

signed as positive or negative.     

 The second thought experiment assumes pest populations are observed, but the 

number of applications is not.  This addresses the bias attributable to unavailable 

application frequency variables.  It follows the previous thought experiment by asking:  

What would happen if researchers use data generated from the crop production model 

and estimate yield as a function of total pesticides applied in the crop year, with no 

regards as to the number of applications?  The analysis suggests measured marginal 

products will be a weighted average of true marginal and true average products.  Hence, a 

bias likely exists and the analysis gives a “feeling” of overestimation of pesticide 

productivity, however, due to the complexities of the yield generating process the bias 

cannot be deemed as positive or negative. 

 The analytical modeling does not reveal whether the bias attributable to 

unavailable pest and application frequency information is positive or negative.  The 

thought experiments do more to articulate each bias rather than identify it.  To better 

capture the bias, potato production data taken from an experiment station in Maine is 

used.  The data are experimental, although some observations are designed to mimic 

producer behavior.  These data are useful because it contains information on pest 

populations and application frequencies, and so pesticide productivity measurements can 

be taken with and without this information to evaluate the bias.  This essentially 

                                                                                                                                                                     
small, this possibility is ignored. 



 16

“simulates” a researcher.  It asks how her productivity measurements using this data 

differ with and without the two information types. 

 Conducting productivity measurements require specifying an empirical crop 

production model.  If a model suggests a higher productivity when both pest and 

application frequency data are not used compared to when they are used, the bias can be 

deemed positive.  Of course, this difference must be statistically significant.  Also, 

numerous appropriate empirical models may yield different results, so model choice must 

be taken with extreme caution.  Since this study simulates how productivity measurement 

differ under alternative information sets, a proxy for model selection under alternative 

information sets must be used.  Chapter Four develops a new model selection criteria 

believed to be a valid proxy. 

 First, the bias attributable to unavailable pest populations alone is analyzed.  The 

model selection proxy is used to simulate what empirical crop production model 

researchers would choose when pest population data are available.  This model is then 

estimated with and without pest data.  The difference is not significant implying, holding 

model choice constant, little bias exists.  It is recognized that in the absence of pest 

population data researchers may select an alternative model.  To reflect this, the model 

selection proxy is used to simulate model choice in the absence of pest data.  Even 

allowing model choice to vary, pesticide productivity estimates with and without pest 

data are not significantly different.  The absence of pest population data does not seem to 

greatly influence pesticide productivity measurements.  Throughout this exercise, it is 

assumed application frequency data are available. 
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 The previous methodology is repeated, except that pest populations are assumed 

to be known and the number of applications are not.  Regardless of whether model choice 

is held constant or allowed to vary, pesticide productivity is significantly lower without 

application frequency variables.  Unavailable application frequency variables appear to 

result in an underestimation of pesticide productivity.  When both pest population and 

application frequency variables are assumed unavailable, a downward bias still exists.   

 The analytical portions of this study articulate why pest population and 

application frequency information are desired for use in pesticide productivity 

measurements.  Although the aid in describing the productivity bias due to the absence of 

these data types, they do not sign the bias.  If anything, the analytics illustrate the 

complexity of obtaining productivity estimates. 

Empirical results suggest that if researchers obtained the potato production data 

used here without information on pest population and application frequency information, 

productivity measurements would be lower than if these data types were available.  The 

difference is mostly attributable to unobserved application frequencies.  This does not 

imply that all previous productivity measurements conducted without these two data 

types have a downward bias, as it is unlikely the potato data features are representative of 

all crops.  Results do suggest a bias can exist and that productivity measurements may 

represent an upper bound to the true return from an increase in pesticide use. 


