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Issues  in the  E c o n o m i c s  of  P e s t i c i d e  
Use  in Agricul ture:  A R e v i e w  of  the  
Empir ica l  E v i d e n c e  

Jorge Fernandez-Cornejo, Sharon Jans, and 
Mark Smith 

In this article, we review three perspectives used to place an economic value on pesticide use 
in agriculture and present associated empirical results. One approach is based on calculations 
of the marginal producfivity; a second strategy considers the expected loss to pests relative to 
some current or maximum yield; and a third approach, related to the second, calculates the 
economic effect of banning pesticides, which is effectively the value that producers and con- 
sumers place on the chemicals used. We also review the economic effects of government policies 
to reduce or restrict pesficide use, induding regulafion and pesficide taxes as well as use of 
alternative technologies believed to reduce pesticide use, such as integrated pest management 
and genetically engineered plants. 

T ogether with fertilizers and hybrid seeds, pesficides have enabled American 
farmers to achieve spectacular increases in land producfivity over the second 

half of this century. For example, average com yield rose from 37 to 134 bushels 
per acre over the last 40 years (Fahnestock). From an economic perspecfive, pesfi- 
cide use generates significant benefits for society. Pesticides help producers achieve 
lower producfion costs, higher yields, and increased profits. Consumers are able to 
enjoy abundant and relafively inexpensive, unblemished foods. Despite their pos- 
itive effects, evidenced by the willingness of U.S. farmers to spend $8.3 billion on 
pesticides in 1996 (USDA 1997), the potential hazard of these chemicals to human 
health and the environment have caused increased concem. 1 In 1993, the USDA, 
Food and Drug Administrafion, and Environmental Protecfion Agency (EPA) joint- 
ly pledged to work together to reduce the "risks to people and the environment 
associated with pesticides" (Kenworthy and Schwartz). Their overall goals are to 
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Figure 1. Average application rates (per crop year) of  major 
pest icides used on major crops 
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reduce pesticide use, to promote altemative pest control methods (such as biolog- 
ical controls), and to change regulations to facilitate developrnent and registration 
of safer pesticides. 

The objective of this report is to summarize the empirical evidence related to 
the economics of pesticide use with an emphasis on the estimation of the value of 
pesticides in U.S. agriculture and the economic effects of reducing or restricting 
pesticide use or promoting altemative methods to manage pests to reduce the 
potential health and environmental effects associated with their use. 

B a c k g r o u n d  on  P e s t i c i d e s  
The term "pesticide" refers to a large number of heterogeneous products. Thou- 

sands of formulations (commercial forms in which the pesticide is sold) are used. 
These formulations are mixtures of active ingredients (the active chemicals) and 
inert materials, used to improve safety and facilitate storage, handling, or appli- 
cation. Hundreds of active ingredients are used, and each has a different potency, 
spectrum of pest control, and impact on human health and the environment (Fer- 
nandez-Comejo and Jans 1995). 

Rapid technological change has characterized the pesticide industry. As new and 
better active ingredients have been introduced and other products banned by reg- 
ulatory agencies or dropped by their manufacturers, per-acre pesticide rates have 
fallen. For example, one pound of active ingredient of a synthetic pyrethroid has 
about the same degree of pest control as several pounds of an older pesticide. 
Figure 1 shows that the weighted averages of pesticide application rates have de- 
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clined slowly, driven by a sharp decline in insecticide application rates on cotton, 
which in recent years have been about one-quarter of the rates used two decades 
ago. Pesficide rates applied to other crops increased moderately during the late 
1960s and early 1970s and declined thereafter. Despite the decline in rates, overall 
pesficide use on major crops in U.S. agriculture peaked in 1981-2 at a level less 
than twice the 1968 level (Fernandez-Cornejo and Jans 1995, Lin et al. 1995, Osteen 
and Szmedra)3 However, as Fernandez-Cornejo and Jans (1995) showed using he- 
donic methods, if pesficide quality (potency; toxicity, and persistence) had not im- 
proved, pesficide use (at constant quality) would have peaked at a level more than 
three times that of 1968. 

Expenditures on pesficides by U.S. farmers grew from $44 million in 1940 to 
$8.3 billion in 1996 (Lucier, Chesley, and Ahearn; USDA 1997), more than a sixteen- 
fold increase in constant dollars. As a percentage of the value of the U.S. crops, 
pesficide expenditures were close to 8% in 1996 (USDA 1997). Com and soybean 
producfion accounts for about half of U.S. ag¡ pesficide expenditures be- 
cause of the large acreage devoted to these crops (close to 140 million acres in 
1992), whereas fruit and vegetable production (with less than 7 million acres in 
1992) accounts fora small percentage of pesficide expenditures (USDA 1995). 

Per-acre pesticide expenditures vary widely, increasing with the value of the 
crop. As seen in table 1, wheat farmers spent annually less than $6 per acre on 
pesficides, whereas com and soybean growers spent about $22 per acre, cotton 
farmers spent $48 per acre, and expenditures by producers of high-value commod- 
ities such as strawberries approached $1,600 per acre. However, although per-acre 
pesticide expenditures vary widely, the average productivity of a dollar spent on 
pesticides is relatively constant across the selected crops, averaging about $12, 
which is similar to the average productivity of pesficides used on all U.S. crops in 
1996 (table 1).3 

Pesficides are regulated under the Federal Insecficide, Fungicide, and Rodenti- 
cide Act (FIFRA) and the Federal Food, Drug, and Cosmetic Act (FFDCA) (Osteen 
1994, Ollinger and Fernandez-Cornejo 1995). Both statutes were amended by the 
Food Quality Protection Act (FQPA) of 1996. Under FIFRA, the EPA regulates pes- 
ticide use through registration and labeling requirements. Before a pesticide is reg- 
istered (and use thus permitted), the EPA must consider the potential adverse 
effects of the pesticide on humans and the environment, including acute and chron- 
ic toxicity, as well as the economic, social, and environmental costs and benefits of 
various pesticide uses (Schierow). Under the FFDCA, the EPA establishes maximum 
allowable levels (tolerances) for pesficide residues in foods sold in interstate com- 
merce. Significantly, the FQPA eliminates the "distinction between raw and pro- 
cessed food (Delaney clause) tolerances" but requires that a pesticide tolerance be 
set to ensure "reasonable certainty that no harto will result from aggregate expo- 
sure to the pesticide chemical residues" (Schierow); that is, benefits can no longer 
be considered in setting new tolerances (Mintzer and Osteen). 

Marginal Pesticide Productivity 
Pesticide productivity estimates are critical for informed pesficide policy debates 

as well as for microeconomic decision-making. Marginal producfivity estimates 
provide an indirect measure of the cost "in terms of foregone agricultural output" 
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of redudng pestidde use to protect human health and the environment (Campbell). 
Conversely, the extent of pesticide reduction needed to "protect human health and 
the environment depends in part on the extent to which food and fiber production 
would fall" (Chambers and Lichtenberg). Under the usual assumptions, a farmer 
would maximize profits by increasing pesticide use up to the point where the 
expected marginal return [value of the marginal product (VMP)] equals the pes- 
tidde marginal cost. The marginal return is equal to the value of pest damage 
reduction, which is the potential yield savings times the crop price. 

Most empirical studies typically report the value of the marginal product of 
pesticides aggregated over crops, pestiddes, and/or regions (table 2). Headley 
(1968) calculated the marginal productivity of pesticides using state-level data ag- 
gregated over the 59 principal crops grown in the United States in 1963. As shown 
in table 2, Headley estimated that pesticides retumed at the rnargin between $3.90 
and $5.66 per dollar of pestidde expenditures. In addition, interpreting the mar- 
ginal value as an average value, Headley calculated the economic benefits of pes- 
ticides at $1.8 billion, equivalent to 10.5% of the value of the crops. Campbell es- 
timated a $12 return per dollar spent on insectiddes applied in apple production, 
which is similar to the result obtained earlier by Fisher for Nova Scotia apples. 
Miranowski obtained marginal returns in com production of $2.02 and $1.23 per 
dollar spent on insectiddes and herbiddes, respectively, and $1.82 for herbicides 
used in cotton in 1966. On the other hand, Lee and Langharn obtained retums of 
less than $1 for pestiddes used in citrus for 1964--8. More recently, Femandez- 
Comejo, Jans, and Smith (1996) estimated pestidde productivity for com using 1991 
farm-level cross-sectional survey data for 18 corn-producing states. They found that 
the marginal return of pestiddes used on com was $1.89 per dollar of pestidde 
expenditures. 

The VMP of pesticides appears to be falling. Using farm-level cotton data, Carl- 
son (1977) observed that the physical productivity of insectiddes used in cotton 
was falling because of pest resistance to pestiddes. Teague and Brorsen estimated 
a random coeffidents regression model using state-level aggregate data for 1949- 
91 for the 10 largest agricultural states. Such a model allows estimation of how the 
value of the marginal product changed over time rather than making a point es- 
timate. They found that the marginal retum of pestiddes averaged $7.96 per doUar 
of pesticide expenditures for the 1949-91 period and $4.16 for 1991. More impor- 
tantly, they showed that marginal retums declined over that period for Iowa and 
Texas, although there was no such demonstrated tendency for Califomia (figure 2). 
They noted that pestidde benefits exceeding (private) costs gives economic justifi- 
cation to the observed rising U.S. aggregate demand for pestiddes over the past 40 
years. 

There is controversy surrounding the methodology used to measure the VMP. 
For example, Lichtenberg and Zilberman criticized some productivity studies for 
not reflecting the essential characteristic of pestiddes as damage-control agents and 
proposed the use of the damage control model (Hall and Norgaard, Headley 1972, 
Talpaz and Borosh) to estimate marginal productivity. Lichtenberg and Zilberman 
also suggested that the use of certain functional spedfications (such as the Cobb- 
Douglas spedfication) leads to overestimation of the productivity of damage-con- 
trol inputs such as pestiddes and underestimates the productivity of other inputs. 

Although the damage-control models have proven their usefulness, Lichtenberg 
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Figure 2. Value of the marginal product of pesticides 
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and Zilberman's implication of overestimation of pesticide productivity has been 
questioned. Carrasco-Tauber and Moffitt used 1987 state-level aggregate data sim- 
ilar to Headley's to estimate marginal pesticide productivity using different spec- 
ifications, including three damage-control specifications. Their estimates of the 
VMP of pesticides with and without the damage-control model yielded essentially 
the same result, leading them to conclude that the explanation of the (high) mag- 
nitude of the estimates of pesticide productivity "seems to lie somewhere other 
than with the functional specification of damage control." Moreover, research by 
Blackwell and Pagoulatos led them to conclude that Lichtenberg and Zilberman 
had failed to specify the correct form of the chemical damage-abatement function. 

More recently, Carpentier and Weaver (1995) showed that empirical studies 
based on panel data may overestimate the marginal productivity of pesticides if 
the estimation excludes fixed (firm and time) effects. Accounting for fixed effects 
using an econometric technique known as generalized method of moments, they 
obtained a marginal value of $0.94 per dollar of pesticide expenditures using a 
panel data set of French farmers for 1987-90. Moreover, they showed that using 
the Lichtenberg and Zilberman specification instead of one in which pesticides play 
a symmetric role with respect to the other inputs "has little impact on the mag- 
nitude of the estimated marginal productivity of pesticides. ''4 
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Despite the significance of the contribution, the empirical ability of Carpentier 
and Weaver's rnodel to explain the high pesticide productivity found for U.S. and 
Canadian agriculture in previous studies has yet to be examined, given that many 
of those studies were based on cross-sectional data (e.g., Campbell, Femandez- 
Cornejo and Jans 1996, Lin et al. 1993, Miranowski). Moreover, given that French 
farmers use pesticides more intensely than U.S. producers (Brouwer, Terluin, and 
Godeschalk; Szmedra), the value of 0.94 found by Carpentier and Weaver for the 
marginal productivity of pesticides in French agriculture is not necessarily incon- 
sistent with values higher than the one found in U.S. agriculture. 

Marginal productivity studies have also been criticized for not considering the 
notion that some inputs, such as pesticides, may affect not only the amount but 
also the variability of output (Carpentier and Weaver, Just and Pope). However, 
there is no consensus on the overall role of pesticides regarding farm risk, and 
determining the effect of risk on the VMP of pesticides has proven to be even more 
elusive in aggregate productivity studies. 

According to the conventional view, pesticides have been considered to be risk- 
reducing, leading to higher optimal use under risk aversion and are used as "in- 
surance" (Mumford and Norton). The economic literature, however, reports mixed 
findings on the role of risk aversion. Moffit showed that when farmers manage 
pests according to a threshold, average pestidde use mayor may not be greater 
because of the presence of risk aversion, depending on the frequency and rate of 
pesticide application. Pannell observed that uncertainty about output price and 
yield leads to lower optimal levels of pesticide use by individual farmers, whereas 
uncertainty about other variables, such as pest density, leads to higher optimal 
pesticide use under risk aversion. Horowitz and Lichtenberg noted that the theo- 
retical analysis leading to the belief that pesticides reduce production risk is based 
on a limited view of production that assumes that pest damage is independent of 
other factors affecting output. They also demonstrated that pestiddes may increase 
risk when crop growth is also random and pest populations are positively corre- 
lated with crop growth. Moreover, using a sample of cotton producers, Hurd (1994) 
found that yield variability was not significantly affected by pesticides; Archer and 
Shogren showed that the increased risk of an herbidde treatment failure (i.e., if the 
farmer fails to apply the herbicide of the applied herbicide fails to work because 
of the weather) will decrease application rates and result in the use of more flexible 
and persistent herbicides. Very recently, Gotsch and Regev found that fungicides 
for wheat producers in Switzerland have a risk-increasing effect on revenues under 
some conditions. 

Other explanations have been advanced for the high empirical estimates of pes- 
tidde productivity in addition to the possibilities discussed. For example, it has 
been suggested that a disequilibrium could a¡ if there is a binding constraint in 
the system, such as an expenditure constraint (CampbeU, Lee and Chambers). An- 
other possibility is that risk attitudes of farmers (e.g., prudent use of credit) may 
be limiting their expenditures to suboptimal levels (F/ire, Grosskopf, and Lee). 

In summar~ although there are controversies in the literature over methodolo- 
gies and explanations, most empirical estimates of marginal pesticide productivity 
for U.S. agriculture generally indicate that the VMP is higher than the pesticide 
price. The implication of these studies is that pesticides appear to be more econom- 
icaUy valuable than what could be concluded from pesticide expenditures. Con- 
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sequently, Campbell's conclusion, that the marginal costs of reducing pesticide use 
for health and environmental considerations are relatively high, is still valid. How- 
ever, some studies indicate that the VMP of pesticides is declining, suggesting that 
the marginal costs of reducing pesticide use may be declining as well. 

E x p e c t e d  L o s s e s  R e l a t i v e  to a C u r r e n t  or  P o t e n t i a l  Y ie ld  
A perspective favored by physical scientists estimates the value of pesticide use 

in agriculture considering the expected yield losses to pests relative to some current 
practice baseline yield or potential maximum yield. Estimates of crop yield losses 
that might result without the availability of pesticides are difficult to obtain because 
these losses vary by crop, soil, and weather (which affect fertility and pest popu- 
lations). In addition, yields may vary yearly because of technological developments 
(e.g., new plant varieties and new pesticides), changes in cropping practices (e.g., 
destruction of crop residues), appearance of new pests, development of pesticide 
resistance by certain pests, and weather. As a result, estimates are highly variable. 
Few empirical estimates are available in the literature, and most of these are based 
on judgments of experts in different natural science fields. Altematively, field-trial 
data could be obtained using an experimental approach, but given the factors in- 
volved, the tests would be time-consuming and expensive and would have debat- 
able relevance to actual farm conditions (Taylor et al.). Recently, Liu and Carlson 
proposed a method using a "relative efficacy index" to estimate substitute herbi- 
cides and their use levels based on field studies of herbicide efficacy and farm 
survey data. The method does not depend on expert opinion but has yet to be 
applied to actual herbicide cancellation decision studies. 

A summary of estimated yield losses for several major U.S. crops is presented 
in table 3. In general, relative to yields prevailing at the time, the expected losses 
from insects and diseases without the use of insecticides and fungicides range 
between about 2% and 26% of the yield, except for peanuts, fruits, and vegetables, 
which have higher yield losses. Crop losses from weeds not treated with herbicides 
are estimated to be between 0% and 53% for the crops studied. We compared the 
yield losses reported by different sources for a given crop (table 3) and believe the 
results are fairly consistent, given the difficulty in making the estimates of yield 
losses and considering the difficulty in assigning losses to particular pest categories 
because of the interrelationships among insects, nematodes, diseases, and weather 
in causing losses (USDA 1965). 

For comparison, older estimates reported to have been made by FAO indicated 
that "cessation of use of all pesticides in the United States would reduce agricul- 
tural output by 30%" (Bradburry and Green, pp. 377-99). To put this into the 
context of marginal productivity studies, and considering that the major impact of 
pesticide use reduction on the livestock sector is through feed (Knutson et al. 1990b, 
p. 25), a 30% reduction in agricultural output resulting from not using pesticides 
would imply a pesticide productivity, at current prices (USDA 1997), ranging be- 
tween $3 and $4 per dollar of pesticide expenditures. 

E c o n o m i c  Effect  o f  B a n n i n g  or R e d u c i n g  P e s t i c i d e s  
The economic significance of pesticides has been indirectly examined in several 

studies that consider the effect of banning pesticides in general or banning specific 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/


Economics of Pesticide Use in Agriculture 471 

pesticides. Two methods are generally used. Partial budgeting is a simple method 
used to estimate the value of the production lost without pesticides assuming that 
output prices remain constant. Large-scale econometric models are used to account 
for market interactions and to allow for input and output substitution. 

Tota l  B a n s  
Knutson et al. (1990b) used expert-judgment estimates of potential changes in 

yield and production costs a n d a  large econometric model to conclude that the 
total elimination of pesticides would increase annual consumer expenditures by 
$228 per household (in 1989 dollars), which amounts to about $30 billion per year. 
Knutson et al. (1994) esª sharp yield losses and cost increases in the pro- 
duction of selected fruits and vegetables after a 50% and a 100% reduction of 
pesticides. In a similar study, Taylor studied the economic effect of a complete 
elimination of pesticides in the production of fruits and vegetables. He concluded 
that the acreage required for production would increase by 2.5 million acres (44%), 
unir production costs would increase by 75%, wholesale prices of fruits and veg- 
etables would increase by 45%, retums to producers would decrease by 3 0 ~  retail 
prices would increase by 27%, and domestic consumption would fall by 11%. 

These studies have generated controversy (Ayer and Conklin, Gianessi 1991, 
Smith). Critics argue that considering the extreme case of total elimination of chem- 
icals is unrealistic, that the studies do not allow for the impact of induced research 
in the long run, and other relatively less imiortant technical issues, leading to an 
overestimate of the economic impacts. The authors of the studies accept the first 
criticism but claim that considering ah extreme case has provided considerable 
insights into why such a case is unrealistic. They agree that further research is 
needed to determine intermediate points between current practices anda total ban 
in specific groups of chemicals (Knutson et al. 1990a). Regarding the second major 
criticism, Knutson et al. (1990a) argue that there was no point in speculating about 
future scientific developments, particularly within the current regulatory frame- 
work, because those discove¡ would likely occur beyond the ten-year horizon of 
their studies. 

P a r t i a l  B a n s  
Pimentel et al. (1991b) examined the case of reducing pesticide use in the United 

States by approximately 50% and concluded that it could be achieved at a cost of 
$1 billion per year. They also concluded that their results were consistent with plans 
drafted by the Danish and Swedish governments to reduce pesticide use by 50%. 
It should be noted, however, that it is difficult to estimate the impact of a 50% 
reduction because of the many ways in which such reduction could be imple- 
mented. In addition, Pimentel's parallel of the European and U.S. cases is inappro- 
priate, given the different conditions and more intense pesticide use prevailing in 
Europe compared to those of the United States (Szmedra, pp. 6-7). Gianessi (1991) 
provided a detailed critique of many of the problematic assumptions and conclu- 
sions of the Pimentel study. 

A study of cancellation of specific pesticides to evaluate of the impact of the 
Delaney dause of the Federal Food Drug and Cosmetic Act was carried out by the 
National Center for Food and Agricultural Policy (NCFAP) (Gianessi and Ander- 
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son). The NCFAP study estimated that the aggregate economic loss for 28 crop- 
pesticide class combinations, selected from a list of 85 crops and 38 pestidde active 
ingredients that could have been affected by enforcement of the Delaney settlement 
agreement, would be $387 million per year. Considering that these results apply to 
a relatively few pestidde-crop combinations, they appear to be consistent with 
those of Knutson et al. (1990b, 1994) and Taylor. 

The USDA's National Pestidde Impact Assessment Program (NAPIAP) has con- 
ducted a variety of biological and econornic studies of pesticide use for specific 
crops to estimate the cost to producers and consumers of banning spedfic pesti- 
cides. Numerous assessments have been conducted since 1977, but because market 
and pest conditions often change, we focus on those conducted in recent years. 
Table 4 presents the estimated impact of the loss of certain herbiddes, insecticides, 
and fungicides used on com, cotton, and other crops to producers and consumers. 
The results are calculated for a single year or represent the annual average of 
several years. 

The value of a pesticide's use to agricultural producers and consumers is influ- 
enced in part by the availability and characteristics of altemative means of pest 
control (Osteen and Szmedra). Because many individual pesticides have altema- 
tives of about the same cost and efficacy (at least to treat major crops), the value 
of a single chemical is relatively low because another chemical may be readily 
substituted for it. The value of a family of chemicals is likely to be higher because 
the likelihood of having suitable substitutes is lower. For example, the loss of an 
individual pyrethroid insectidde would cost cotton producers less than $3 million, 
but the loss of the entire class of pyrethroids would cost producers more than $170 
million (USDA 1993b). 5 Certain chemicals, such as the fungidde captan (used to 
treat com seed) and the fumigant rnethyl bromide (used for a variety of crops), 
have few, if any, substitutes. The loss of such chemicals has high costs. 6 A chemical's 
benefit may also increase over time, not because of an increase in efficacy but by 
elimination of its substitutes from the market (either through a government ban or 
pest resistance). Depending on the order in which pesticides are banned, a chemical 
on the market rnay have a high economic value to society simply because its sub- 
stitutes have been banned, even though it may pose a greater health risk than its 
substitutes (Osteen 1993). 

The value of a pesticide also varies geographically and arnong users and non- 
users. Producers in areas of heavy pest infestation will place a higher value on 
chemical use than those in areas free of the pest. As implied by Knutson et al. 
(1990a,b, 1994) and Taylor, if a chemical becomes unavailable, production may shift 
geographically as growers in pest-free areas or those with lesser pest pressure may 
expand production, whereas growers in more heavily infested regions may exit the 
sector. Some producers (users of a pestidde) may suffer losses from cancellation of 
its use while others (nonusers) may gain (Osteen and Szrnedra). For example, Lich- 
tenberg et al. found that users of ethyl-parathion on alrnonds, plums, and prunes 
would lose about $2 million in producers' surplus, whereas nonusers would gain 
about $0.5 million if the pestidde became no longer available. 7 

R e d u c i n g  P o t e n t i a l  H e a l t h  a n d  E n v i r o n m e n t a l  Ef fec t s  o f  
P e s t i c i d e  Use  

Although pestidde use yields important economic benefits, it also has potential 
health and environmental effects. Because agricultural producers do not bear the 
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full cost of those effects, government policies (or proposals for polides) attempt to 
restrict pesticide use, impose those extemal costs on users, or encourage altemative 
agricultural practices. The following sections discuss some economic issues of pes- 
tidde regulation, market incentives to reduce pestidde use, and altemative pest- 
management approaches to reduce the extemal effects of pesticides. 

Costs and Benefits of Pesticide Regulation 
New and existing pestiddes must meet strict health and environmental stan- 

dards. Requirements for pestidde registration with the EPA involve field testing 
involving up to 70 different types of tests that can take several years to complete. 
A s a  consequence, overall research and development costs are high: Recent esti- 
mates suggest that research and development of a new chemical pesticide (includ- 
ing testing) takes 11 years and costs between $50 and $70 million (Ollinger and 
Femandez-Comejo 1995). 

An empirical study by the Council for Agricultural Science and Technology 
found that EPA regulation encouraged ah increase in research expenditures; a delay 
in the time required to register and reregister pestiddes; a decline in the number 
of new pesticides registered per year; anda  shift in the allocation of research ex- 
penditure from synthesis, screening, and field testing to administration, environ- 
mental testing, and residue analysis. Hatch found that increased regulatory strin- 
gency led to a 7% to 97o decline in pestidde registrations. 

More recently, Ollinger and Fernandez-Comejo (1995, 1998) showed that regu- 
lation discouraged new chemical registrations: The number of new pestiddes reg- 
istered by the EPA during 1987-91 was half that of 1972-6. Moreover, using firm- 
level data and considering three altemative measures of regulation (the change in 
EPA-estimated costs of regulation, industry-reported testing costs, and employment 
at the EPA), OUinger and Fernandez-Comejo (1998) found that a 10% increases in 
regulatory costs led to a 15% to 20% decline in the number of new pesticide reg- 
istrations. Moreover, pestidde regulation contributed to an industrywide increase 
in research spending, which encouraged some small firms to leave the pesticide 
industry. In addition, regulation encouraged firms to focus their research on pes- 
ticides used in large crop markets such as com and soybeans, abandoning minor 
markets such as horticultural crops. 

On the other hand, Ollinger and Femandez-Cornejo (1995, 1998) conduded that 
pestidde regulation in the United States has encouraged the introduction of "less 
toxic" pestiddes. They considered acute and chronic human toxidty and fish and 
wildlife toxicity. Because regulation requirements, pestidde firms refocused their 
research away from persistent and toxic pestiddes, and the proportion of lower- 
toxidty pestiddes registered increased. A 10% increase in testing costs to meet 
EPA standards was found to lead to a 5% increase in the proportion of less toxic 
pesticides registered. 

Historically, FIFRA allowed regulators to weŸ the antidpated benefits of pes- 
tidde use against potential risks. Although the FQPA does not allow benefits con- 
sideration in setting new tolerances, an important question regarding pesticide reg- 
ulation is the trade-off between health risks and economic benefits implidt in past 
regulation dedsions. Cropper et al. (1992a) examined the EPA's spedal review pro- 
cess for pesticides between 1975 and 1989 and concluded that the agency "appears 
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T a b l e  4. E c o n o m i c  i m p a c t  o f  t h e  l o s s  o f  s e l e c t e d  p e s t i c i d e  u s e s  f o r  
s e l e c t e d  c r o p s - - s u m m a r y  o f  N A P I A P  s t u d i e s  

T Y P E  Producer Consumer Total 
Crop/Chemical (H, I, F) Loss Loss Loss 

$ million per year 

Com 
Captan F 1465 na na 
Triazines H 911 na na 
Atrazine H 679 na na 
Acetamides H 76 na na 

Cotton 
Pyrethroids I 172 na na 
Desiccants / defoliants 146 na na 
Dinitroanilines H 139 na na 

Cranberries 
Groups of herbicides H 34 31 65 
Groups of fungicides F 20 19 39 
Groups of insecticides I 11 10 21 

Lettuce F 127 160 287 

Grain sorghum 1 

Atrazine H (4)-(22) 54-87 58-65 
Glyphosate H (1)-(1) 5-8 6-7 

Soybeans 

Carboxin F 67 na na 
Pendimethalin H 50 na na 
Met¡ H 35 na na 
Bentazon H 32 na na 

Various fruits, vegetables, and non-food crops 
Methyl bromide 2 Fu 
With imports 
Without irnports 

na na 1300-1488 
na na 1317-1531 

Sources: Mahr and Moffitt; Morrison et al.; Pike et al.; USDA (1993a, b, 1994). 
Type: H = Herbicide, I = Insecticide, F = Fungicide, Fu = Fumigant. 
1 Under some scenarios, producers who do not use the chemical gain more than users lose. Lower bound 
estimates are reported. 
2 Including quarantine uses for imports. 

to have balanced the risks of pesticide use against the benefits in reaching a final 
decision to cancel or continue a pesticide." They also estimated that the final de- 
cision to cancel or continue the registration of pesticides implied a trade-off of $72 
million in producer benefits per cancer case avoided among pesticide applicators 
and $9 million per cancer case avoided among consumers (in 1986 dollars). In 
comparison, the value that individuals place on an avoided statistical death has 
been estimated between $0.5 million and $9 million in 1986 dollars (Congressional 
Budget  Office). Abler argued that the figures estimated by Cropper et al. are too 
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high because the benefits were calculated at existing prices and did not consider 
the effect of pesticide restrictions on producer prices, because producers could even 
gain from pesticide restrictions if output prices increased enough. However, higher 
output prices also imply consumer losses, which would also have to be included. 
Moreover, higher output prices due to restricted pesticide use have not been em- 
pirically docurnented, although they have been predicted in some simulation stud- 
ies (e.g., Knutsen et al., 1990b). 

Few studies have tied pesticide cancellations with actual improvement in the 
environment. Liu, Carlson, and Hoag evaluated ten potential herbicide cancellations 
in southem states. They examined not only the producer and consumer surplus 
associated with the cancellations but also the environmental impact on ground- 
water. They concluded that even though the effect of the cancellations on ground- 
water quality can be very significant, a canceUation does not guarantee irnprove- 
ments in groundwater quality because it depends on the "initial shares of the 
product to be canceled and its substitutes, as well as on the relative leaching po- 
tential of each related pesticide." This interaction also implies that the effects of 
multiple cancellations are different from the summation of the effects of indepen- 
dent cancellations. 

Reducing Pest ic ide Use with Market  Incentives 
Instead of using direct controls (registration, bans, and other quantity restric- 

tions), pesticide use could be reduced with price incentives, such as taxes and 
subsidies. A relatively simple economic strategy is the imposition of ad valorem 
taxes on these chemicals. The effectiveness of such a strategy depends in part on 
the responsiveness of the pesticide demand to increases in pesticide prices, which 
is measured by the demand elasticity. 

Published empirical estimates of pesticide demand elasticities in U.S. agriculture 
vary widely (table 5). To a large extent, the differences among elastidty estimates 
are due to differences in model specification, including levels of aggregation of 
inputs and outputs and firms, functional forro, price expectations, and introduction 
of exogenous variables, such as weather or government policies (Femandez-Comejo 
1992, 1993). Elasticity estimates may also differ because of differences in behavioral 
assumptions, such as profit maximization or cost minimization. Finally, many re- 
ported elasticities may be unreliable because they were often derived from models 
that are inconsistent with economic theory. Table 5 presents selected estimates of 
price elasticity of demand for pesticides derived from consistent models. In general, 
farmers' responsiveness to price changes for pesticides is small in the short run 
and small to moderate in the long run. This means that substantial taxes would be 
needed to achieve moderate reductions in pesticide use, particularly in the short 
r u n .  

However, the effect of a pesticide tax is not uniform across regions, and large 
differences have been predicted in some cases. For example, Chen, McIntosh, and 
Epperson estimated that a 1% tax on pesticides in Alabama would decrease pes- 
ticide use by 2.4%, and Shumway and Chesser found that the effect of a pesticide 
tax would have a large impact on selected pestiddes in some regions of Texas. 

The effect of a chemical tax may be influenced by risk and government policy 
considerations. Leathers and Quiggin suggested that farmers' response to a pesti- 
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T a b l e  5. O w n - p r i c e  e l a s t i c i t i e s  of  p e s t i c i d e  d e m a n d :  s e l e c t e d  est i -  
m a t e s  in  U.S. a g r i c u l t u r e  

Type of 
Author/location Elasticity Elasticity 

Antle, USA 
Brown and Christensen, USA 
Capalbo M2, 1988, USA 3 
Capalbo M4, USA 3 
Capalbo M7, USA 3 
Chen et al., AL 
McIntosh and Williams, GA 
Fernandez-Comejo, IL / IN 
Femandez-Comejo, IL / IN 
Femandez-Comejo, IL / IN 
Femandez-Comejo, IL / IN 
ViUezca-Becerra and Shumway, CA/IO 
Villezca-Becerra and Shumway, TX/FL 

-0.194 Long run 2 
-0.188 Short Run 1 
-0.688 Long  r u n  1 

-0.876 Long run 1 
-0.606 Short run 2 
-2.4184 Short  r u n  2 

-0.112 Sort run 2 
-0.104/-0.082 Short run 2 
-0.382/-0.604 Long run 2 
-0.101 / -0.081 Short run 1 
- 0.119 / - 0.086 Long run 1 
-0.091/-0.040 Short run 2 
-0.210/-0.165 Short run 2 

1 Hicksian (cost minimizing) demand elasticities. 
2 Marshallian (profit maximizing) demand elasticities. 
3 The numbers refer to models 2, 4, and 7 (M2, M4, M7) appearing in Capalbo (1988). 

cide tax depends on the risk effect of pesticides. Hrubovcak, LeBlanc, and Mira- 
nowski found that government price supports could alter the effectiveness of a 
chemical tax; for example, a tax on pesticides would have a smaller effect if price 
support was increased. More recently, Shortle and Laughland examined taxes on 
chemical inputs used in com production and showed that the tax is less effective 
when the output subsidy is increased to compensate farmers for the ta,x, as opposed 
to when it is held constant, s 

Justas government commodity price supports combined with supply control 
policies in the past may have led to more intensive use of pesticides (Miranowski; 
Miranowski, Hrubovcak, and Sutton), their removal is expected to reduce pesticide 
use. In fact, analyzing the effect of a reduction in govemment agricultural support 
programs before the Federal Agriculture Improvement and Reform Act of 1996 
(FAIR), Fernandez-Comejo (1993) found that the long-term impact of reducing price 
supports on pesticide use for com producers was larger than that of a similar 
percentage increase in the pesticide price. These findings support the argument 
that market-oriented agricultural policies, such as the FAIR act, may be environ- 
mentally beneficial in the long run. 

Alternative Pest Management Methoda 
Two major ways to manage pests while reducing the potential health and en- 

vironmental effects of pesticides ate the use of integrated pest management (IPM) 
techniques and new pesticide products. 

Integrated pest management 
IPM includes a number of techniques to maintain pest infestation at the most 

economically sensible level rather than attempting to completely eradicate all pests 
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(Vandeman et al.). Because IPM techniques were designed to address some of the 
health and environmental concems of pestiddes as well as the problem of pest 
resistance to pestiddes, the USDA has set a goal for the use of IPM on 75% of U.S. 
farmland by the year 2000. One important IPM technique is scouting, the primary 
method of monitoring pest populations by regular and systematic sampling of the 
fields to estimate pest infestation levels and subsequently to determine whether an 
economic threshold is reached (Vandeman et al.). Other monitoring methods in- 
clude soil testing for pests (e.g., nematodes), use of pheromones and visual stimuli 
to attract target pests to traps, and recording environmental data (e.g., temperature 
and rainfall) associated with the development of certain pests. Pest-management 
practices used in IPM include cultural controls, such as hand hoeing, mulching, 
and crop rotation; strategic controls, such as planting dates and location; use of 
plant varieties resistant to some pests; and biological controls. Biological controls 
are believed to pose few health and environmental hazards and have proven to be 
effective as an alternative to complete reliance on pestiddes (Ollinger and Fernan- 
dez-Cornejo 1995). They include natural enemies of pests, such as predators (e.g., 
wasps and lady beetles), parasites, pathogens (including bacteria, fungi, and vi- 
ruses), competitors, antagonistic microorganisms, and semiochemicals (including 
pheromones and feeding attractants) (Hokkanen, p. 185; Vandeman et al.). 

Assessing and comparing the effects of IPM programs is difficult because of the 
heterogeneity across regions, time, and types of crops grown. For example, it is 
difficult to compare adoption of IPM programs in hot, humid climates, which are 
more favorable to the development of pests, to adoption in more moderate climates. 
In addition, IPM involves an assortment of techniques that have developed to dif- 
ferent degrees for different crops, and different farmers may adopt IPM practices 
to various degrees. Moreover, the methodologies used to assess the effects of IPM 
on pestidde use, yields, and profits vary widely from simple comparisons of sam- 
ple averages of adopters and nonadopters to advanced econometric techniques. 

Although IPM is sometimes defined as an attempt to reduce pestidde use while 
maintaining current production levels (Hall), the empirical evidence on the effect 
of IPM on pesticide use is mixed, even for a given crop. Table 6 presents a summary 
of empi¡ studies on the effect of IPM on pesticide use, yields, and profits. The 
table summarizes the cases examined by Norton and Mullen, which are supple- 
mented by more recent studies. The evidence to date appears to indicate that, on 
average, IPM reduces pestidde use while maintaining or increasing profits. An 
unweighted average of 44 studies reported by Norton and Mullen shows that IPM 
adoption is associated with a reduction in pesticide use by 15% and an increase in 
net returns (National Foundation for IPM Education). Results are not uniform, how- 
ever, particularly because scouting alone tends to increase pestidde use in many 
cases. 

Cotton is the commodib/most studied in rela¡ to the effects of IPM, with 
about h~enty studies having been published over the past twenh/-five years. Re- 
garding the effect of IPM on pestidde use, the findings ate mixed. When the effect 
of scoufing is examined separately, pestidde use is found to increase in many cases, 
but when scou¡ is considered in combination with other IPM t e ~ q u e s ,  it de- 
creases pesfidde use in most of the cases. Yields and profits zenerally increase. A 
similar effect is shown for com, although only tl~ee studies have reported IPM 
impacts for h~is commodih/(table 6). 
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Most IPM studies for vegetable production were carried out in the 1980s and do 
not use econometric techniques but rather compare sample averages for adopters 
and nonadopters. The results of those studies, sumrnarized by Greene and Cuperus 
and by Norton and Mullen, show that IPM adopters were able to reduce the number 
of applications and pesticide expenditures in the majority of the cases. Most studies 
on IPM for fruits focused on apples and pears (Norton and Mullen). Like the case 
of vegetables, the majority of those fruit studies report a reduction in pesticide use 
by IPM adopters, particularly when IPM is defined more broadly than just scouting 
for pests. 

Econometric studies show mixed results for the impact of adoption of IPM tech- 
niques. Burrows found that IPM adoption leads to a significant reduction in pes- 
ticide expenditures for a sample of cotton growers in Califomia collected in 1970- 
4. Yee and Ferguson found that scouting increases pesticide use among cotton farm- 
ers in 14 major producing states, whereas Carlson (1980) cites evidence of "both 
complementary and substitute relationships between scouting and pesticide use" 
among cotton producers in North Carolina. Wetzstein et al. found that "IPM has 
no effect on pesticide expenditures" among a sample of Georgia cotton farmers. 
Fernandez-Cornejo (1996, 1998) evaluated the impact of IPM using a model that 
accounts for self-selection and simultaneity and that is consistent with profit max- 
imization. His results showed that IPM adopters used fewer insecticide and fun- 
gicide applications for tomatoes and grapes. However, using a similar model, Fer- 
nandez-Comejo and Jans (1995, 1996) showed that IPM had no significant effect 
on pesticide use for orange growers in Florida and California. 

Although important, the total amount of pesticide use is just one element in 
determining the potential risk of pesticide use. Another element, neglected by most 
studies focusing on the effect of IPM on pesticide use, is pesticide quality, notably 
toxicity and persistence. In particular, there has been little empirical examination 
of claims that pesticides used in IPM differ from those used on a preventive or 
routine schedule and that IPM uses pesticides that target specific pests and are less 
toxic to beneficial organistas (Allen et al.). In a recent study of grape producers in 
six states, Fernandez-Cornejo (1998) showed that IPM adopters applied significantly 
less insecticides and fungicides than nonadopters. He also showed that the average 
toxicity (Fernandez-Cornejo and Jans, 1995) and the index of potential environ- 
mental impact of insecticides (Kovach et al.) decreased slightly with adoption of 
insect IPM. However, toxicity and the potential environmental impact index of 
fungicides remained about the same for adopters and nonadopters of IPM for dis- 
eases. 

New Products 
During the past decade, research has focused on the development of biological 

pesticides, or biopesticides, including bacteria, viruses, and fungi. These "reduced- 
risk" pesticide products, whose development has been facilitated by the EPA 
through simplification of registration, differ significantly from chemical pesticides 
in that they help to manage rather than eliminate pests, have a delayed impact, 
and are more selective (Ollinger and Fernandez-Cornejo 1995). Among biological 
pesticides, the most successful is the soil bacterium Bacillus thuringensis, which kills 
lepidorean insects by lethal infection. The use of B. thuringensis (called the nation's 
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most valuable natural pesticide) is increasing, particularly in IPM programs, be- 
cause of its environmental safety, improved performance, cost competitiveness, se- 
lectivity, and activity on insects that are resistant to chemical pesticides (Marrone). 

Furthermore, because it is becoming increasingly costly for firms to develop 
chemical pesticides that are harmless to crops, sufficiently toxic to kill target pests, 
and meet human health and environmental regulations, firms have been tuming 
to genetic engineering (Ollinger and Fernandez-Cornejo 1995). Compared with tra- 
ditional genetic plant breeding, genetic engineering reduces the time required to 
identify desirable traits. In addition, by inserting into the plant a gene (DNA from 
a different organism) that imparts some desirable properties, genetic engineering 
aUows a precise alteration of a plant's traits, facilitating the development of plant 
characteristics not possible through traditional plant-breeding techniques. This al- 
lows targeting of a single plant trait, which decreases the number of unintended 
characteristics that may occur with traditional breeding techniques. The develop- 
ment of genetically engineered plants takes about six years and costs about $10 
million, almost half the time and one-sixth of the expense for chemical pesticides 
(Ollinger and Fernandez-Cornejo 1995). 

It is believed that genetic engineering can help reduce use of chemical pesticides 
in agriculture. For example, genetically engineered corn that contains a gene de- 
rived from B. thuringensis (called Bt-corn) is expected to reduce the need for con- 
ventional chemical pesticides (to protect com from the com borer) by about 10 
million pounds per year (Pesticide and Toxic Chemical News). The sale of Bt-corn was 
approved by the EPA in August 1995, and commercial use began on a srnaU scale 
in 1996 (only 1-2% of corn-planted acreage), increased to 3% in 1997, and adoption 
is expected to exceed to more than 10% of com acreage in 1998. 

Despite its benefits, some scientists are concerned that the new Bt-corn will 
hasten pest immunity to B. thuringensis because these new com varieties contain 
genes from the bacterium. This has led the EPA to require producers to develop 
resistance management plans (including a high dose of B. thuringensis, to ensure 
that few resistant biotypes survive to mate, and "refugia," or sanctuaries set aside 
to ensure that susceptible biotypes are more numerous than resistant ones.) Still, 
some consumer groups and environmental organizations are demanding that trans- 
genic foods be labeled and kept separate from other foods. Furthermore, retailers 
in Europe are supporting labeling, and Austria and Luxemburg have banned ge- 
netically engineered food. 

Genetically engineered plant varieties resistant to particular herbicides are also 
believed to reduce herbicide use. For example, it has been estimated that by con- 
verting 30% of cotton acreage to cotton varieties tolerant to bromoxynil (which is 
used effectively at lower rates than traditional products), herbicide use could be 
reduced by 10 million pounds, and farmers would realize annual savings of $40 
million (Salquist). 9 In the same vein, Monsanto has developed a soybean variety 
that is not damaged by its popular glyphosate (Roundup) herbicide, and similar 
glyphosate-tolerant varieties are being developed for canola, cotton, com, sugar 
beets, and oilseed rape. Despite concerns about the possibility of accelerated weed 
resistance with the use of herbicide-tolerant varieties, their use is growing rapidly. 
For example, use of Roundup-resistant varieties increased from close to 2% of soy- 
bean-planted acreage in 1996 to about 13% in 1997 and is expected to increase to 
28% in 1998. 
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Concluding Comments 
We reviewed several perspectives used to place a value on pestidde use in ag- 

riculture. One viewpoint, generally favored by economists, is based on calculations 
of the marginal productivity of pestiddes. Another perspective, favored by physical 
sdentists, considers the expected loss to pests (insects, weeds, and pathogens) rel- 
ative to the current or maximum yield. An example of this approach is the esti- 
mation of the percentage of a crop that would be lost to insects without insecticides. 
A third viewpoint, related to the second, has been used by interdisdplinary teams 
to calculate the economic effect of banning pestiddes, which is effectively the value 
that producers and consumers place on those chemicals. 

U.S. farmers spent about $8.3 billion on pestiddes to protect their crops in 1996, 
and most of the empirical results for U.S. agriculture indicate that, at the rnargin, 
pestidde retums more than $1 per dollar spent on pesticides. Thus, the marginal 
costs of reducing pestidde use for health and environmental considerations are 
relatively high. However, the value of the marginal product of pesticide use is 
declining, suggesting that the marginal costs of reducing pestidde use may be 
declining as well. 

Estimates for expected crop losses from disease, weeds, or insects without using 
pestiddes are generally based on expert judgment and show a broad variation with 
the crop. Economic losses from banning pestiddes vary widely from banning some 
individual pestiddes ($2-3 million), to banning pestidde families, classes, and pes- 
tiddes in general (several billion dollars). Pestiddes with few or no substitutes (e.g., 
methyl bromide) are valued highly. 

Some important issues related to the impact of government policies to restrict 
pestidde use have also been reviewed. Past pestidde regulation dedsions have been 
estimated to imply a trade-off of $9 million in producer benefits per cancer avoided 
among consumers and $70 million for pesticide applicators. Pesticide regulation 
has been found to encourage the introduction of less toxic pestiddes but to dis- 
courage innovation and induce abandonment of minor crop markets. Because farm- 
ers' responsiveness to price changes for pestiddes is small, particularly in the short 
run, pesticide taxes do not appear to be an effective tool to reduce pesticide use 
in the United States, but the effect of taxes varies with region and government 
polides. 

Potential ways to reduce the health and environmental hazards associated with 
pestidde use are the application of IPM techniques and the use of improved pes- 
ticide products, such as biopestiddes. The success of any policy aimed at reducing 
the health and environmental risks associated with pesticide use will ultimately 
depend on the availability of profitable alternatives which, in turn, depends on the 
development of those alternatives. As Gianessi (1993) observed, "the success of the 
regulatory program depends on the success of the research program." If the goal 
of reducing the health and environmental risks assodated with pestidde use is to 
be reached, public and private funding of studies to investigate altematives to the 
riskier chemical pestiddes must be a priority. 
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Disc la imer  
The views expressed are those of the authors and do not necessarily correspond to the views or 

policies of the U.S. Department of Agriculture. 

E n d n o t e s  
1 However, human health an�91 environmental costs associated with pesticides are not well docu- 

mented. A controversial estimate, placing the external (to farmers) economic costs of pesticide use in 
U.S. agriculture at $839 million per year in 1980 dollars (Pimentel et al. 1991a), was modified by the 
same senior author to $955 million per year (Pimentel et al. 1991b) and subsequently revised to $8 billion 
per year (Pimentel et al. 1992). 

2 The period considered was 1967-92. Total pesticide use increased further in 1994. 
3 The average pesticide productivity is a partial factor productivity measure equal to the ratio of total 

output to pesticide input. This measure is analogous to labor and land productivity. These partial mea- 
sures focus on a particular input, ignoring the contribution of other inputs to output, but they are 
commonly used because they are easy to interpret and are useful for comparisons across time, crop, etc. 

4 See additional updated discussion in their recent article (Carpentier and Weaver 1997). 
5 Atrazine is an exception. It accounts for a large percentage of triazine use in com, and its value is 

close to that of the entire family of triazines. 
6 For example, the USDA estimates that producer and consumer losses of banning agricultural uses 

of methyl bromide ate approximately $1.3-$1.5 billion annually (USDA 1993a). 
7 Regarding the distributional impact among consumers, Zilberman et al. argue that because pesticide 

use contributes to reducing food prices, consumers, particulafly low-income consumers, benefit econom- 
ically from use of pesticides. 

8 See also Fox et al. for a review up to the 1980s and Archer and Shogren for ah analysis of input 
substitution in the presence of a chemical tax. 

9 However, on January 1998, the EPA announced that it could not grant a request to extend tolerances 
for bromoxynil to continue its use in cotton crops because the EPA could not ensure that there was a 
reasonable certainty of no harm under the FQPA (due to concems about developmental risks to infants 
and children and studies showing that bromoxynil caused cancer in laboratory animals). 

References  
Abler, D.G. "Issues in Pesticide Policy." Northeast. J. Agr. and Resour. Econ. 21(1992):93-94. 
Allen, W.A., E.G. Rajotte, R.K. Kazmierczak, Jr., M.T. Lambur, and G.W. Norton. "The National 

Evaluation of Extension's Integrated Pest Management (IPM) Programs." Blacksburg, VA: VCES Publi- 
cation No. 491-010, Virginia Cooperative Extension Service and USDA Extension Service, 1987. 

Antle, J.M. "The Structure of U.S. Agricultural Technology, 1910-78/' Amer. J. Agr. Econ. 66(1984): 
414-21. 

Archer, D., and J. Shogren. "Nonpoint Pollution, Weeds, and Risk." J. Agr. Econ. (1994):83--89. 
Ayer, H., and N. Conklin. "Economics of Ag Chemicals: Flawed Methodology a n d a  Corrflict of 

Interest Quagmire." Choices, Fourth Quarter 1990, pp. 24-30. 
Brown, R.S., and L.R. Christensen. "Estimating Elasticities in a Model of Partial Static Equilibrium: 

An Application to U.S. Agriculture. Modeling and Measuring Natural Resource Substitution. E.R. Berndt and 
B.C. Field, eds. Cambridge MA: MIT Press, 1981. 

Blackwell, M., and A. Pagoulatos. "Comment: The Econometrics of Damage Control." Amer. J. Agr. 
Econ. 74(1992):1040-44. 

Bradburry, F., and M. Green. "Technological Economics for Decision-Making in Crop Protection." E. 
Ennis, ed. Introduction to Crop Protection. Crop Science Society of America and American Society of 
Agronomy, 1979. 

Brouwer, EM., I.J. Terluin, and F.E. Godeschalk. Pesticides in the EC. The Hague: Agricultural Eco- 
nomics Research Institute, 1994. 

Burrows, T.M. "Pesticide Demand and Integrated Pest Management: A Limited Dependent Variable 
Analysis.'" Amer. J. Agr. Econ. 65(1983):806-10. 

Campbell, H.E "Estimating the Marginal Productivity of Agricultural Pesticides: The Case of Tree 
Fruit Farms in the Okangan Valley." Can. J. Agr. Econ. 24(1976):23-30. 

Capalbo, S.M. "A Comparison of Econometric Models of U.S. Agriculture Productivity and Aggre- 
gate Technology." Agricultural Productivity: Measurement and Explanation. S.M. Capalbo and J. M. Antle, 
eds. Washington DC: Resources for the Future, 1988. 

Caflson, G.A. "Economic and Biological Variables Affecting Demand for Publicly and Privately Pro- 
vided Pest Information." Ama J. Agr. Econ. 62(1980):1001-6. 

�9 "Long-Run Productivity of Pesticides." Amer. J. Agr. Econ. 59(1977):543-48. 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/


Economics of  Pesticide Use in AgricuIture 485 

Carpentier, A., and R.D. Weaver. "The Contribution of Pesticides to Agricultural Production: A 
Reconsideration." Working paper, INRA-ESR, Rennes Cedex, France, and Dept. of Agric. Econ., Penn- 
sylvania State University, January 1995. 

~ .  "Damage Control Econometrics: Why Econometrics Matters." Amer J. Agr. Econ. 79(1997):47-61. 
Carrasco-Tauber, C., and L.J. Moffitt. "Damage Control Econometrics: Functional Specification and 

Pesticide Productivity." Amer. J. Agr. Econ. 74(1992):158-62. 
Chambers, R.G., and E. Lichtenberg. "Simple Econometrics of Pesticide Productivity." Amer J. Agr. 

Econ. 76(1994):407-17. 
Chen, P., C. McIntosh, and J. Epperson. "The Effects of a Pesticide Tax on Agricultural Production 

and Profits." J. Agribus. 12(1994):125--38. 
Congressional Budget Office. "The Safe Drinking Water Act: A Case Study of an Unfunded Federal 

Mandate." Washington, DC: Congress of the United States, 1995. 
Cropper, M.L., W.N. Evans, S.J. Berardi, and M.M. Ducla-Soares. "Pesticide Regulation and the 

Rule-Making Process." Northeast. J. Agr. and Resour Econ. 21(1992a):77-82. 
Cropper, M.L., W.N. Evans, S.J. Berardi, M.M. Ducla-Soares, and P.R. Portney. "The Determinants 

of Pesticide Regulation: A Statistical Analysis of EPA Decision Making." J. Polit. Econ. 100(1992b):175- 
97. 

Fahnestock, A.L. "The Eight Wonder." Farm Chemicals (September 1994):A3-A6. 
Fre, R., S. Grosskop~ and H. Lee. "'A Nonparametric Approach to Expenditure-Constrained Profit 

Maximization." Amer. J. Agr. Econ. 72(1990):574-81. 
Fernandez-Cornejo, J. "Demand and Substitution of Agricultural Inputs in the Central Com Belt 

States." U.S. Department of Agriculture Economic Research Service Technical Bulletin No. 1826, 1993. 
�9 "The Microeconomic Impact of IPM Adoption: Theory and Application." Agr. and Resource Econ. 

Rea 25(October 1996):149-60. 
�9 "Environmental and Economic Consequences of Technology Adoption: Integrated Pest Man- 

agement in Viticulture." Agr. Econ. 18(1988):145-55. 
�9 "Short- and Long-Run Demand and Substitution of Agricultural Inputs." Northeast. J. Agr and 

Resour Econ. 21(1992):36-49. 
Fernandez-Comejo, J., and S. Jans. "The Economic Impact of IPM Adoption for Orange Producers 

in Califomia and Florida." Acta Horticulturae 429(1996):325-34. 
�9 "Quality-Adjusted Price and Quantity Indices for Pesticides." Amer. J. Agr. Econ. 77(1995):645- 

59. 
Fernandez-Cornejo, J., S. Jans, and M. Smith. "The Economic Impact of Pesticide Use in U.S. Ag- 

riculture.'" Paper presented at the 1996 NAREA meeting, Atlantic City NJ, June 1996. 
Fisher, L. "The Economics of Pest Control in Canadian Apple Production." Can. J. Agr. Econ. 18(1970): 

89-96. 
Fox, G., A. Weersink, G. Sawar, S. Duf�91 and B. Pen. "Comparative Economics of Alternative Ag- 

ricultural Production Systems.'" Northeast J. Agr and Resour Econ. 20(1991):124-42. 
Gianessi, L. "The Quixotic Quest for Chemical-Free Farming." Issues in Sci. and Tech. (Fall 1993):29- 

36. 
�9 "Reducing Pesticide Use with no Loss in Yields? A Critique of a Recent Comell Study." Dis- 

cussion Paper QE91-16. Washington DC: Resources for the Future, Quality for the Environment Division, 
July 1991. 

Gianessi, L.P., and J.A. Anderson. "Potential Impacts of Delaney Clause Implementation on U.S. 
Agriculture." Washington DC: National Center for Food and Agricultural Policy Technical Report TR- 
95-1. June 1995. 

Gotsch, N., and U. Regev. "'Fungicide Use under Risk in Swiss Wheat Production." Agr. Econ. 
14(1996):1-9. 

Greene, C.R., and G.W. Cuperus. "Integrated Pest Management (IPM) in the Vegetable Industry 
During the 1980's." U.S. Department of Agriculture Economic Research Service Publication No. AGES 
9107, 1991. 

Hall, D�9 "The Profitability of Integrated Pest Management: Case Studies for Cotton and Citrus in 
the San Joaquin Valley." Entomological Soc. Bull. 23(1977):267-74. 

Hall, D.C., and R.B. Norgaard. "On the Timing and Application of Pesticides." Amer J. Agr. Econ. 
55(1973):198-201. 

Hanthorn, M., and M. Duffy. "Retum to Com Pest Management Practices." U.S. Department of 
Agriculture Economic Research Service Publication No. AER-501. 1983. 

Hawkins, D.E., F.W. Slife, and E.R. Swanson. "Economic Analysis of Herbicide Use in Various Crop 
Sequences." IlIinois Agr. Econ. (January 1977):8-13. 

Headle3~ J.C. "Defining the Economic Threshold." Paper presented at the National Academy of 
Sciences Symposium on Pest Control Strategies for the Future, Washington DC, April 15, 1971. 

~ .  "Estimating the Productivity of Agricultural Pesticides." Am~ J. Agr. Econ. 50(1968):13-23. 
Hokkanen, H.M.T. "New Approaches in Biological Control." CRC Handbook of Pest Management in 

Agriculture, vol. 2. D. Pimentel and A.A. Hanson, eds. Boca Raton FL: CRC Press, 1991. 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/


486 Review of Agricultural Economics 

Horowitz, J., and E. Lichtemberg. "Risk-Reducing and Risk Increasing Pesticides." J. Agr Econ. 
45(1994):83-89. 

Hrubovcak, J., M. LeBlanc, and J. Miranowski. "Limitations in Evaluating Environmental and Ag- 
ricultural Policy Coordination Benefits." Amer. Econ. Rea 80.2 (1990):209-12. 

Hurd, B.H. "Yield Response and Production Risk: Ah Analysis of Integrated Pest Management in 
Cotton." J. Agr. and Resour. Econ. 12(1994):313-26. 

IPM Monitor. IPM Pays, Say Economic Analysis. Austin TX: National Foundation for IPM Education, 
1994. 

Just, R.E., and R.D. Pope. "Stochastic Spedfications of Production Functions and Econometric Im- 
plications." J. Econometrics 7(1978):67-86. 

Kenworth3~ T., and J. Schwartz. "3 U.S. Agendes Announce Joint Commitment to Cut Pesticide 
Use." Washington Post, June 26, 1993, p. A5. 

Knutson, R.K., C.R. Taylor, J.B. Penson, and E.G. Smith. "Economic Impacts of Reduced Chemical 
Use." Choices, Fourth Quarter 1990a, pp. 25-31. 

~ .  The Economic Impacts of Reduced Chemical Use. College Station TX: K. and Assodates, 1990b. 
Knutson, R.D., C. Hall, E.G. Smith, C. Cotner, and J.W. Miller. Economic Impacts ofReduced Pesticide 

Use on Fruits and Vegetables. American Farm Bureau, 1993. 
~ .  "Yield and Cost Impacts of Reduced Pesticide Use on Fruits and Vegetables." Choices, First 

Quarter 1994, pp. 15-18. 
Kovach, J., C. Petzoldt, J. Degni, and J. Tette. 1992. "A Method to Measure the Environmental Impact 

of Pesticides." New York's Food and Life Sciences Bulletin, No. 132. Ithaca NY: Comell University, 1992. 
Leathers, H., and J. Quiggin. "Interactions between Agricultural and Resource Policy: The Impor- 

tance of Attitudes toward Risk." Amer. J. Agr Econ. 73(1991):757-64. 
Lee, H., and R.G. Chambers. "Expenditure Constraints and Profit Maximization in U.S. Agriculture." 

Amer. J. Agr. Econ. 68(1986):857-65. 
Lee, J.Y, and M. Langham. "A Simultaneous Equation Model of the Economic-Ecologic System in 

Citrus Groves." S. J. Agr. Econ. 5(1973):175-80. 
Lichtenberg, E., D.D. Parker, and I~ Zilberman. "Marginal Analysis of Welfare Costs of Environ- 

mental Polides: The Case of Pesticide Regulation." Amer. J. Agr. Econ. 70(1988):867-74. 
Lichtenberg, E., and D. Zilberman. "The Econometrics of Damage Control: Why Specification Mat- 

ters." Amer J. Agr Econ. 68(1986):261-73. 
Lin, B.H., S. Jans, K. Ingram, L. Hansen. "Pestidde Productivity in Padfic Northwest Potato Pro- 

duction." Agricultural Resources: Inputs. U.S. Department of Agriculture Economic Research Service Pub- 
lication No. AR-29, 1993. 

Lin, B.H., M. Padgitt, L. Bull, H. Delvo, D. Shank, and H. Taylor. "Pesticide and Fertilizer Use and 
Trends in U.S. Agriculture." U.S. Department of Agriculture Economic Research Service Publication No. 
417, 1995. 

Liu, S., and G.A. Carlson. "Ex Ante Estimation of Substitutes Resulting from a Pesticide Cancella- 
tion." Rea Agr Econ. 18(1996):537-46. 

Liu, S., G.A. Carlson, and D.L. Hoag. "Trade-Off Analysis of Herbidde Withdrawals on Agricultural 
Production and Groundwater Quality. J. Agr. and Applied Econ. 27(1995):283-300. 

Lucier, G., A. Chesley, and M. Ahearn. "Farm Income Data: A Historical Perspective." U.S. Depart- 
ment of Agriculture Economic Research Service Statistical Bulletin No. 740, 1986. 

Mahr, S., and L.J. Moffitt. "Biologic and Economic Assessment of Pesticide Usage on Cranberry." 
U.S. Department of Agriculture National Agricultural Pestidde Impact Assessment Program Report No. 
2-CA-94, 1994. 

Marrone, P.G. "Bts: Success Just Beginning." Farm Chemicals (September 1994):C34-C38. 
McIntosh, C.S., and A.A. WiUiams. "Multiproduct Production Choices and Pestidde Regulation in 

Georgia." S. J. Agr. Econ. 24(1992):135-44. 
Mintzer, E.S., and C. Osteen. "New Uniform Standards for Pestidde Residues in Food." Food Rea 

20(1997):18-26. 
Miranowski, J.A. "The Demand for Agricultural Crop Chemicals under Altemative Farm Program 

and Pollution Control Solutions," PhD thesis, Harvard University, 1975. 
Miranowski, J., J. Hrubovcak, and J. Sutton. "The Effects of Commodity Programs on Resource 

Use." Commodity and Resource Policy in Agricultural Systems. N. Bockstael and R. Just, eds. New York: 
Springer-Verlag, 1991. 

Moffit, L. "Risk-Effident Thresholds for Pest Control Dedsions." J. Agr Econ. 37(1986):69-75. 
Morrison, W., E. Segarra, C. Gwinn, and J. Abernathy. "The Biologic and Economic Assessment of 

Pesticides on Grain Sorghum." U.S. Department of Agriculture National Agricultural Pestidde Impact 
Assessment Program Report No. 3, 1994. 

Mumford, L., and G. Norton. "Economic Aspects of Integrated Pest Management." Integrated Pest 
Management-Quo Vadis? V. Delucchi, ed. Genera: Parasitis, 1987. 

Norton, G.W., and J. Mullen. "Economic Evaluation of Integrated Pest Management Programs: A 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/


Economics of  Pesticide Use in Agriculture 487 

Literature Review." Virginia Cooperative Extension Publication No. 448-120. Blacksburg, VA: Virginia 
Polytechnic Institute and State University, 1994. 

Ollinger, M., and J. Fernandez-Cornejo. "Innovation and Regulation in the Pesticide Industry." Agr. 
and Resour. Econ. Rea 27(1998a). 

�9 "Regulation, Innovation and Market Structure in the U.S. Pestidde Industry." U.S. Department 
of Agriculture Economic Research Service Publication No. AER-719, 1995. 

�9 "Sunk Costs and Regulation in the U.S. Pestidde Industry." Int. J. Industrial Org. 16(1998b): 
139-68. 

Osteen, C. "Pesticide Regulation Issues: Living with the Delaney Clause." J. Agr. and Applied Econ. 
26(1994):61-74. 

�9 "Pesticide Use Trends and Issues in the United States." The Pesticide Question: Environment, 
Economics, and Ethics. D. Pimentel and H. Lehman, eds. New York: Chapman and Hall, 1993. 

Osteen, C.D., and P.I. Szmedra. "Agricultural Pestidde Use Trends and Policy Issues." U.S. Depart- 
ment of Agriculture Economic Research Service Publication No. AER-622, 1989. 

Palm, E.W. "Estimated Crop Losses without the Use of Fungiddes and Nematicides and without 
Nonchemical Controls." CRC Handbook of Pest Management in Agriculture, rol. 1. D. Pimentel, ed. Boca 
Raton FL: CRC Press, 1991. 

Pannell, D. "Pests and Pestiddes, Risk and Risk Aversion." Agr. Econ. 5(1991):361-83. 
Pesticide and Toxic Chemical News. Washington DC: CRC Press, various dates. 
Pike, D., et al. "Biologic and Economic Assessment of Pesticide Use on Com and Soybeans." U.S. 

Department of Agriculture National Agricultural Pestidde Impact Assessment Program Report No. 1- 
CA-95, no date. 

Pimentel, D., H. Acqua}9 M. Biltonen, et al. "Environmental and Economic Costs of Pesticide Use.'" 
BioScience 42(1992):750-60. 

Pimentel, D., D. Andow, R. Dyson-Andow, et al. "Environmental and Social Costs of Pesticides: A 
Preliminary Assessment." CRC Handbook of Pest Management in Agriculture, vol. 1. D. Pimentel, ed. Boca 
Raton FL: CRC Press, 1991a. 

Pimentel, D., and H. Lehman, eds. The Pesticide Question: Environment, Economics, and Ethics. New 
York: Chapman Hall, 1993. 

Pimentel, D., L. McLaughlin, A. Zepp, et al. "Environmental and Economic Costs of Redudng U.S. 
Agricultural Pestidde Use." CRC Handbook ofPest Management in Agriculture, vol. 1. D. Pimentel, ed. Boca 
Raton FL: CRC Press, 1991b. 

Salquist, R. "Dawn of Genetic Engineering." Farm Chemicals (September 1994):C31-C33. 
Schierow, L.J. "Pesticide Legislation: Food Quality Protection Act of 1996 (P.L. 104-170)." Washington 

DC: Congressional Research Service Report 96-759-ENR, 1996. 
Shortle, J., and A. Laughland. "Impacts of Taxes to Reduce Agrichemical Use when Farm Policy is 

Endogenous." J. Agr. Econ. 45(1994):3-14. 
Shroder, D., J.C. Headley, and R. Findley. "The Contribution of Pesticides and Other Technologies 

to Com Production in the Com Belt Region, 1964 to 1979." Paper presented at the Southem Agricultural 
Economics Assodation meeting, Orlando FL, 1982. 

�9 "The Contribution of Herbiddes and Other Technologies to Soybean Production in the Com 
Belt Region, 1965 to 1979." Paper presented at the AAEA meeting, July 1981. 

Shumwa~�91 C.R., and R. Chesser. "Pesticide Tax, Cropping Patterns, and Water Quality in South 
Central Texas. J. Agr. and Appl. Econ. 26(1994):224-40. 

Smith, K.R. "Science and Sodal Advocacy: A Dilemma for Policy Analysts." Choices, First Quarter 
1994, pp. 19-24. 

Smith, S.A., and T.G. Taylor. "Production Cost for Selected Vegetables in Florida, 1994-1995." Uni- 
versity of Florida, Institute of Food and Agricultural Sciences Economic Inforrnation Report EI 95-1, 
1995. 

Szmedra, P. "Agriculture and the Environment in the European Union." U.S. Department of Agri- 
culture, Economic Research Service Report No. AIB-708, 1994. 

Talpaz, H., and I. Borosh. "Strategy for Pestidde Use: Frequency and Application." Amer. J. Agr. Econ. 
56(1974):769-75. 

Taylor, C.R. "Economic Impacts and Environmental and Food Safety Tradeoffs of Pesticide Use 
Reduction on Fruits and Vegetables." Unpublished, Dept. of Agr. Econ., Auburn University, 1995. 

Taylor, C.R., and K. Frohberg. "The Welfare Effects of Erosion Controls, Banning Pesticides, and 
Limiting Fertilizer Application in the Com Belt." Amer. J. Agr. Econ. 59(1977):25-36. 

Taylor, C.R., J.B. Penson, E.G. Smith, and R.D. Knutson. "Economic Impacts of Chemical Use Re- 
duction on the South." Southern J. Agr. Econ. 23(July 1991):15-37. 

Teague, M.L., and B.W. Brorsen. "Pesticide Productivity: What are the Trends? J. Agr. and Appl. Econ. 
27(1995):276-82. 

U.S. Department of Agriculture, Economic Research Service. Losses in Agriculture. Agricultural 
Handbook No. 291. Washington DC: USDA, 1965. 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/


488 Review of Agriculturat EconomŸ 

- - .  Pesticide Assessment of Field Corn and Soybeans: Corn Belt States. Washington DC: USDA National 
Agricultural Pesticide Impact Assessment Program Report No. AGES85052A, 1985a. 

~ .  Pesticide Assessment of Field Corn and Soybeans: Northern Plains States. Washington DC: National 
Agricultural Pesticide Impact Assessment Prograrn Report No. AGES85052E, 1985b. 

U.S. Department of Agriculture, National Agricultural Pesticide Impact Assessment Program. The 
Biologic and Economic Assessment of Methyl Bromide. Washington DC: USDA 1993a. 

. The Importance of Pesticides and Other Pest Management Practices in LIS. Cotton Production. Wash- 
ington DC: USDA NAPIAP Report No. 1-CA-93, 1993b. 

. The Importance ofPlant Disease Management in LLS. Production ofLeafy Green Vegetables. Washington 
DC: USDA NAPIAP Report No. 1-CA-94, 1994a. 

U.S. Department of Agriculture. Agricultural Outlook. Washington DC: USDA Economic Research 
Service, 1997. 

�9 Agricultural Statistics: 1994. Washington DC: USDA, 1995. 
�9 Economic Indicators of the Farm Sector: Costs of Production--Major Field Crops and Livestock and 

Dairy, 1992. Washington DC: Economic Research Service ECIFS 12-3, 1994b. 
Vandeman, A., J. Fernandez-Comejo, S. Jans, and B.H. Lin. "Adoption of Integrated Pest Manage- 

ment in U.S. Agriculture." USDA Economic Research Service Report No. AIB No. 707, 1994. 
ViUezca-Becerra, P., and C.R. Shumway. State-Level Output Supply and Input Demand Elasticities 

for Agricultural Commodities. J. of Agric. Econ. Res. 44(1992):22-34. 
Wetzstein, M.E., W. Musser, D. Linder, and G. Douce. "An Evaluation of Integrated Pest Manage- 

ment with Heterogeneous Participation." Western J. Agr. Econ. 10(1985):344-53. 
Yee, J., and W. Ferguson. "Sample Selection Model Assessing Professional Scouting Programs and 

Pesticide Use in Cotton Production." Agribus. 12(1996):291-300. 
Zilberman, D., A. Schmitz, G. Casterline, and J.B. Siebert. "The Economics of Pesticide Use and 

Regulation." Science 253(1991):518-22. 

 at Pennsylvania State U
niversity on M

ay 10, 2016
http://aepp.oxfordjournals.org/

D
ow

nloaded from
 

http://aepp.oxfordjournals.org/

