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EXECUTIVE SUMMARY

Economic Perspectives on Pesticide Use in California

The use of synthetic organic pesticides in California agriculture has expanded
production possibilities, increased yield, improved product quality, and reduced cost,
thus .bcncﬁting farmers, processors, and consumers. However, it has also created
problems of environmental quality degradation and raised worker safety and public
health concerns. The trade-offs associated with pesticide use and regulation, the
performance of alternative pest management strategies, and pesticide policies are the
squects of economic research at the University of California. Some of its findings are
discussed below.

California is the leading agricultural state in the United States, with gross farm
income in 1989 valued at nearly $17 billion. In many cases, California agriculture is
the major supplier of fruits and vegetables in the United States. Every dollar
generated at the farm level is estimated to contribute, through a multplier effect, an
additional $2.50 to California's gross state product.

Overall, it is estimated that pesticide costs (excluding application costs)
amount to about 3 percent of the gross farm value of California commodites, or $500
million. The use of pesticides vary by crop, pest, and location. For example, past
studies show that costs vary from 1 cent per dollar of crop output for tomatoes,
grapes, and potatoes to 4 cexi:s per dollar for oranges.

Past studies also estimate that, for every dollar spent by farmers on
pesticides, $3.00 to $6.00 are returned as a result of increased yield and improved
quality. (These estimates exclude application, fesistance. and safety costs.)
Productivity of pesticides varies significantly across crops and regions. For example,
insecticide productivity is lower than average in cotton. Other studies have found that

quality accounts for one-third of the benefits of using fungicides in apples. Pestcides
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have also enabled many additional crops to be grown in California. Their combined
impacts on yield, quality, and costs have led to lower consumer prices and extended
availability of many fruits and vegetables throughout the year, While some would
encourage an éstimatc of the overall cost of a policy that restricts the use of
pesticides, caution must be exercised in doing so because of the variability of costs,
narrowness of the data base, and uncenaintes involved. Economic theory coupled

with specific studies lead to conclusions that offer insights into the impact of

~ restrictive use policies, but care must be exercised in their extrapolation.

Data from farm surveys of pesticide use in California and elsewhere in the
United States suggest three major points: (1) The use levels of pesticides in
California per acre and per dollar of farm output is low relative to the remainder of the
United States for most crops and pesticide types; (2) use levels of most pesticides
over the last decade are stable or declining especially when adjustments .arc made for
dosages per application; and (3) California agriculture is among the world leaders in
developing and adopting pest management practices leading to reduced levels of
pesticides.

In particular, much research and development has gone into the idea of
Integrated Pest Management (IPM). IPM combines chemical and nonchemical
controls of pesticides and emphasizes the use of information to improve effectiveness
of pesticide applications. While a certain amount of success in reducing pesticides has
been accomplished using the IPM approach, further reductions are dependent on
research now underway, particularly in the areas of sustainable agriculture and
biotechnology.

In response to concern about environmental and health effects of pesticides,
California has adopted the most restrictive regulations anywhere in the United States;

and more are proposed. The impact of banning the use of a pesticide in the short run




depends on the substitute available--be it another pesticide, technology, or cultural
practice.

Without a close substitute, production costs will increase. In the short run,
this effect may lead to a price increase, thus reducing both producer's and consumer's
welfare. Short-run impacts on producers may be unevenly distributed. Some users of
the banned chemicals may suffer substantially and even incur devastating losses. But
losses to other users may be less significant with nonusers of chemicals gaining due
to an increase in commodity prices. In some case studies, nonuser gains were
estimated to be one-third of total users' loss from cancellation. Long-run effects
depend on the success of research and development activities in developing
technologies to replace banned chemicals. Without such innovations, the regulation
may lead to increased out-of-state competition that may mitigate the initial price
increase due to the regulation and further undermine California producers’
competitiveness and productivity.

Estimates of the human and environmental health associated with pesticide
use are surrounded with uncertainty because of the randomness of exposure and the
reliance on animal studies to assess toxicity to humans. The extent of the food safery
problem is subject to dispute since chemicals (in particular, fungicides) are being used
to control the development of toxins in food. Studies of worker safety and water
quality degradation resulting from pesticide use revealed that risk levels vary
substantially across locations, across occupations, and over time. It was found that
uniform policies (complete bans and uniform safety standards) are much costlier in
attaining environmental and human health targets than discriminatory policies based
on balancing the economic costs with the benefits of environmental and human health
improvement across location and over time.

Past studies lead to a number of conclusions regarding the use and regulation

of pesticides.
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- There are significant payoffs 10 using pesticides, both in terms of output

quantity and quality. The data tfat substantiates this conclusion
sorongly suggest that pesticides are not over utilized from a grower's

perspective.

. The major short-run impact of removing pesticides without viable

alternatives will both decrease yields and raise cost to producers of
certain agricultural products. Impacts will vary by crop, pest, region,
and market. These increased costs will be reflected in higher prices to
consumers, substantiél losses to some producers, and may impact the

level and growth of the California economy.

. Environmental impacts of pestcide use justify government regulation.

This regulation should be done intelligently and under careful analysis
which takes into account the cost of removal of the pesticide in question

and the environmental and health benefits that are to be accomplished.

. Governmental policies and regulations will be improved by reducing the

uncertainty regarding their impact. This involves the development of
data bases and analytical models designed to specifically pinpoint
impacts of policy decisions.

- Restriction or removal of pesticides will be mitigated in the long run

through the introduction and adoption of new technologies. Research
and development efforts leading to these technologies will be
undertaken by both the private and public sectors. Government policies
need to take this activity into account and provide incentive to move
research and development into areas that will provide acceptable

alternatives and substitutes.

. Research activities should not only investigate the development of

alternatives to pesticides but they also need to address environmental
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and health effects. Methodc logies have to be developed to assure A

improved and effectve monitoring and implementation of regulations.

Pesticide regulation pclicies have to be discriminatory in their effects.
Those activitics which pursue a course of meeting environmental and
healt objectives should be encouraged while those which do not should
be discouraged. Policies that have this property include regulations that
use the government's ability to tax undesirable activities; in turn, they
should provide a profit motive to encourage transition to
environmentally sound practices. Monies derived from these policies
may be reinvested into the development of new alternatives and
technologies. In this way, California agriculture can continue to be the

dominant leader in the development of these new technologies.

David Zilberman
Jerome B. Siebert
Andrew Schmitz

Department of Agricultural and Resource Economics
University of California at Berkeley
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ECONOMIC PERSPECTIVES ON PESTICIDE USE IN CALIFORNIA:
OVERVIEW AND CONCLUSIONS

David Zilberman, Jerome B. Siebert, and Andrew Schmitz

Department of Agricultural and Resource Economics
University of California at Berkeley

California agriculture has relied to a significant extent on pesticides for pest
management, making it possible for producers to introduce new crops, adopt new
technologies, and substitute chemicals for other inputs. Measurable benefits have
included a reduction in average costs to farmers and processors as well as lower
relative prices and increased quality for consumers. This reliance on pesticides,
however, has also created problems of environmental degradation and has raised
concerns about worker safety and public health. |

Such concerns have led to the establishment of policies and regulations for
pesticide application. While the regulatory framework has evolved, however, the polfcy
debate about appropriate use of chemical pesticidé and amount of pesticide control has
not yet been settled. Meanwhile, agriculture has sought new alternatives to
pesticides, partly motivated by a desire to find more effective, less costly pest
management methods and partly in response to the more restrictive policies and

regulations.!

In California, the passage of Proposition 65 introduced significant restrictions on pesticide use.
This initiative was followed by state legislation that placed greater control over the registration, use,
and reporting of pesticides as well as increased monitoring. At the national level, changes in the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA); Environmental Protection Agency
regulations; and proposed changes in farm policy legislation have added limitations on uses of
pesticides. Finally, California has on its November 1990 ballot an initiative to phase out carcinogenic
chemicals over the next five years (or a longer cxtension if justified).




Public policies affecting chemical pesticide use, as well as pest managemeni
alternatives at the farm level, have been the subject of considerable research by
agricultural and resource economists at the University of California. This research has
produced several lessons of value as pesticide policies in California are being shaped.

This report concentrates on the economic consequences of pesticide use on
California farms with regard to productivity, water quality, raw food supplies, risk, and
health. However, the analytical techniques used and the knowledge gained can be
applied to other environmentally sensitive areas such as forests, deserts, range, and
estuaries as well as to urban centers. Indeed, the chapters in this report offer ways to
look at the entire spectrum of chemical use in society.

This report presents, in a nontechnical fashion, some of the main findings of
economic research on pesticides. First, it gives background information on California
agriculture and its pesticide-use patterns. The chapters following then survey some of
the major lines of research in pesticide economics and summarize results of several
studies addressing pesticide use in California. The purpose is to provide an overview
of economic considerations related to the restriction of pesticide alternatives available
for the production and processing of food and fiber in California.

With pesticide economics as the main theme, this introductory section gives
highlights of the background information as well as the primary findings of the chapters
on pesticide productivity, market effects of restricting the use of pesticides, and the

combination of environmental and market considerations in pesticide regulations.

I. Dimensions of California Agriculture
The second chapter in the report reviews recent findings on agricultural
production, income, and land-use patterns in California and on the role of agriculture in

California's economy.2

2Sjebert’s paper relies on Carter and Nuckton (1989).
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More than 250 crop and livestock commodities are grown in Califomia. The
1988 farm value of these commodities was $17 billion, divided among the livestock and
poultry sector with a gross farm product of $4.7 billion, fruits and nuts with $4.0 billion;
vegetabies with $3.7 billion, field crops with $3.0 billion, and nursery with $1.6 billion.
Exports are significant for many crops with a total value of nearly $4 billion in 1988.
California leads the nation in the production of many fruits and nut crops. In
terms of value, grapes account for nearly one-third of fruit and nut production. Citrus
accounts for an additional 16 percent, and almonds, 14 percent. One recent
development is the importation of fresh fruits, particularly from the southern
hemisphere, to fill in voids left by the California fruit production seasons. These
imports have generally complemented California production with a limited amount of
competition due to overlaps in seasons.
| California is the principal producer of vegetables in the United States,

accounting for 54 percent of the 10 major fresh market vegetables grown and 57 percent

-of the five major processing vegetables. Lettuce is, by far, the largest commodity in

terms of value, with nearly 25 percent of total vegetable production, and processing
tomatoes account for another 15 percent. California vegetable production has expanded
in response to consumer demand, with acreage and production up over 30 percent
during the past decade.

California fruit and vegetable growers-shippers are highly integrated and are
frequently multi-regional and multi-commodity in scope. They have increasingly
expanded into other regions and countries. Significant expansion has taken place in
Mexico, which has lower labor costs and less stringent-environmental regulation.
Currently, a high degree of integration among vegetable industries in Arizona,
California, and Mexico has dramatically changed the vegetable industry.

California grows significant quantities of cotton, rice, sugar beets, dry beans,

and alfalfa. Although the value of field crops accounts for only 15 percent of the total



farm value of California commodities, harvested acres account for almost two-thirds of
total harvested acreage.

Market conditions for California field crops depend largely on conditions
elsewhere, particularly international markets and federal farm and trade policy. While
federal crop subsidies are less than 2 percent of the total value of farm production in
California, they account for significant percentages of farm income for producers of rice,
cotton, and wheat. In particular, federal subsidy payments in 1988 amounted to
18.1 percent for cotton, 19.3 percent for barley, 25.2 percent for rice, and 28.8 percent for
wheat.

Cotton, grown largely in the San Joaquin Valley, is the leading field crop and
principal agricultural export. It is grown on 16 percent of the state's cropland and
consumes about 8 percent of available water supplies. Because it is such a strategic
crop,. the profitability of cotton has a large effect on other crops planted in California,
particularly the San Joaquin Valley.

Alfalfa is another significant field crop accounting for over 20 percent of tﬁe
state's total harvested acreage. In addition, it consumes about 16 percent of total
available water supplies in the state.

The $17 billion in farm sales has been a significant factor in California's
economy. This amount contributes an additional $42.5 billion to the California economy
through a multiplier effect (2.5 times the income generated by agriculture).

Historically, the value of farm production, as a percentage of the California
Gross State Product, has averaged over 3 percent. During the past decade, however,
this percentage has been decreasing and reached a low of 2.3 percent in 1985. While
the gross product of agriculture in California have been expanding, the gross products
of other sectors in the California economy has been expanding even faster. This trend
is likely to continue as California becomes more urbanized, increasing the pressures on

land, air, and water resources used in agricultural production.
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II. Pesticide Use in California

Carlson analyzes major trends of pesticide use in the United States and
California.3 Overall, the value of pesticides in California has averaged around 3 percent
of gross farm value. This figure varies according to the commodity involved, the
location of production, and pests and diseases being treated. Variations also result
from the use of data from several sources. Data from farm surveys have led Carlson to
the following conclusions: (1) use levels of pesticides in California per acre and per
dollar of farm output are low relative to those in the rest of the United States for most
crops and pesticide types; (2) use levels of most pesticides over the past decade are
stable or declining, especially when adjustments are made for dosage per application;
(3) many crops grown in California are "minor use crops” (those using relatively small
amounts of pesticides compared with major users such as cotton, corn, and soy“l;cans)
which means that the cost of safety and efficacy studies for pesticide regisuéﬁon is
relatively high per acre; and (4) California agriculture has been a world leader in
developing pest management practices that substitute information and labor for
pesticides.

Some crops are more susceptible to certain pests than others. Hence, for
example, Carlson found that a typical insecticide program cost about $.01 per dollar of
crop output for tomatoes, grapes, and potatoes and up to $.04 for oranges. This
observation is reinforced by Siebert's study on the- economic impact of the
establishinent of the Medfly in California. In particular, Siebert found that costs varied
srigniﬁcantly depending on the degree of susceptibility, canopy cover, and time of year
for the crops affected (which included citrus, avocado, tomatoes, grapes, and most

stone fruits).

3This study summarizes data from recent farm surveys of pesticide use in California and the United
States.




Farmers use pesticides to obtain higher yields, increase quality, reduce
uncertainty, and extend the growing season to provide produce throughout much of the
year. Contrary to the perhaps common assumption that pesticide use is increasing,
Carlson points out that the number of pesticide applications has been stable or
declining during the past decade. He attributes this finding to the increase in pesticide
prices relative to land and labor costs and, in particular, falling energy costs relative to
herbicide costs. His explanation is based upon the fact that, in the latter case, fuel, oil,
and electric costs as a percentage of gross farm product in California declined from
5.1 percent in 1983 to 3.5 percent in 1987. During this same period, pesticide costs
remained constant. In the future, if energy prices continue their current rise, the
number of pesticide applications may increase as chemicals are substituted for energy
in pest control.

The total amount of pesticides used has declined substantially, because
average dosages applied have decreased. This reduction has been made possible
through the development of more efficient pesticides and of integrated pest
management (IPM) approaches. While the amount of pesticides being used has
declined, individual application costs may have actually risen.

IPM has been evolving as an alternative approach to conventional chemical
control over the last 40 to 45 years.# IPM combines chemical with biological and other
nonchemical controls of pests and emphasizes monitoring .of environmental conditions
to increase effectiveness of pesticide applications. There is evidence that it tends to
increase profitability, especially in the long run as pest management becomes more
accomplished. Diffusion of this technology has been slow, but it now is widespread

and, in many crops, is used by most farmers. Introduction of this approach has led to

4An early exposition of the principle of IPM appears in Smith and Allen (1954).

-6-
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institutional change, including the emergence of a pest adviser and crop consultanf
industry and regional cooperation in pest management research.

The comprehensive literature review by Hurd and Howitt demonstrates: that
economic incentives have induced the development and adoption of a large number of
technologies in agriculture. They further argue that economic considerations have been
crucial in the adoption of many technologies in agriculture, including tractors, tomato
harvesters, water conservation, and computers. The economic incentives that increase
innovation include both price and restrictive regulations. Adoption of technology has
been gradual, reflecting differences in farm characteristics (location, size, education
level of the farmer, etc.). This adoption has tended to benefit consumers, but declining

prices have caused the financial situation of some farmers to worsen.

ITII. Major Themes of the Economics of Pesticides

Extensive economic research on effects of pesticide regulations has been
conducted since the early 1970s, much of it financed by the U. S. Environmental
Protection Agency (EPA) and some by the U. S. Department of Agriculture. The
departments of agricultural economics in Berkeley and Davis have been leading centers
of research on pesticide economics and have conducted joint projects with
entomologists, agronomists, and public health scholars.

Ten themes emerge throughout the literature on pesticide economics and
reappear in the chapters presented in ihis report. They are;

(1) Public regulation of pesticides is justified.—Use of some chemical
pesticides has been found to have negative side effects on environmental health and
safety. Individual growers, who mostly operate to maké profits, are not likely to
incorporate these environmental health effects appropriately into their decisions on

pesticide use. Public policies and regulations need to be established to improve

-7-



welfare of society. Society faces the challenge of selecting effective, efficient, and fair

policies of controlling pesticide use.

(2) The multiple dimensions of pesticide use and impacts have to be recognized

as policies are designed and assessed—Chemical pesticides are used to reduce
production costs, to increase product output and quality, and to extend product
storability and shelf life. Their use may result in problems related to environmental
(especially groundwater) contamination, water safety, and food safety.

(3) There are many trade-offs between market welfare and environmental
health and safety.—The desirable pesticide regulations are those that attain
environmental quality and health targets at least market cost or that provide the
greatest environmental quality at a given cost.

(4) Heterogeneity of both producers and consumers needs to be considered
when analyzing impacts of a policy—The effects of a policy, such as canceling a
pesticide, will vary among both groups. Producers will be affected differently,
depending on crop, geographical location, and pesticide-use patterns. Pesticide-use
cancellation may benefit nonusers while hurting users. Impact on consumers will vary
by income level, geographical location, and consumption patterns.

(5) Magnitudes of the impact of pesticide regulations depend on the
alternatives available.—The cancellation of a chemical pesticide is likely to have minor
effects when a close chemical, biological, cultural, or management substitute is
available in terms of cost and yields. When a widely used chemical (or group of
chemicals) with unique capabilities in pest control is discontinued, impacts are likely to
be substantial.

(6) Market conditions affect policy impacts.—The direction and magnitude of
effects vary substantially depending on market conditions, the properties of demand
and supply for affected products, and the extent to which the products are traded

internationally. Cancellation of a pesticide may have a substantial price effect when

-8-




demand for the products for which it is used is inelastic. Supply-reducing pesticide
regulations may lead to substantial reduction in government commodity price-support
payments.

(7) Short-run and long-run policy impacts may differ—Economic and natural
resource systems are subject to dynamic forces of adjustment and change. These
forces should be recognized in policy assessment. For example, canceilation of a
pesticide with no close substitutes may cause substantial short-term effects.
Eventually, however, a substitute may be developed and, once adopted, significantly
reduce the long-run effects of the cancellation. Government policies and programs can
affect long-run impacts of regulation by increasing research and extension activities to
encourage more rapid innovation and adoption of new technologies.

(8) Behavior is responsive to incentives.—Farmers adjust patterns of bchavioxf.
as prices change, new information is made available, and uncertainties are removed:
Governments can induce change in farming practices by using monetary incentive
schemes as well as educational and regulatory programs.

(9) Evaluation procedures need to be consistent.—Policy assessments are
based on estimates that are subject to much uncertainty. Statistical and measurement
procedures are used to adjust for these uncertainties in generating estimates.
Standards should be established so that the adjustments will be made in a consistent
manner.

(10) Political considerations need to be recognized—To be useful to
policymakers, economic analysis has to include both the impact on efficiency and the
distribution of impacts. It also has to consider implementation and enforcement
dimensions of new policies and evaluate new proposals within existing institutional

and political structures.



Lichtenberg, Zilberman, and Archibald (1990) review the developments
pesticide economics over the past 25 years and point to needed analysis in the futun
In their summary statement, they state that "in recent years policy concerns rcgardi
pesticides have become increasingly broad, encompassing issues that include residu
on foods, protection of endangered species and other wildlife, cosmetic uses, ar
productivity. The ramifications of pesticide policy decisions are, correspondingl;
increasingly complex. As a result, the narrower concerns of the past no longer suffic
More and more, the issues facirig policymakers require analysis using integrate
management models that take into account these broad ramifications.” This repor
attempts to provide some insight into factors that need to be considered when making
an assessment and presents some examples of likely outcomes given various

assumptions and conditions.

IV. Productivity Impacts of Pesticide Use

Carrasco-Tauber surveys studies measuring the productivity of pesticide use in
agri‘c:ulmrc.6 She points out locational variabilities reflecting differences in pest
problems, climatological conditions, soil types, and cultivation practices. Furthermore,
increasing resistance to pesticides by targeted pests may cause differences between
short-term and long-term productivity effects.

Pioneering work in measuring aggregate pesticide productivity was done by
Headley (1968) and by Fischer (1970). These studies estimate the impact on the
gross output of the agricultural economy caused by an increase in costs due to use of

pesticides. Headley's studies in the 1960s found that the marginal value product of

5An earlier version of this paper was presented as an invited paper at the Australian Association of
Agricultural Economics meeting in 1988 in Melboumne, Australia.

6This chapter relies mostly on Carrasco-Tauber and Moffia (1990).




pesticide exceeded the marginal factor cost by a ratio of $4.00 : $1.00.7 A later study
done by Pimentel et al. (1978) estimated the chemical control cost in the United States
to be $2.2 billion annually with a gross return on those costs of $8.7 billion. In a related
study, Pimentel et al. (1980) also looked at the indirect costs that pesticide use poses
to the rest of the ecosystem and found that the ratio of average value to average cost
would decline to $3.00 : $1.00—still a relatively profitable ratio for using pesticides. A
review of studies on pesticide productivity in specific industries finds similar outcomes.
A recent aggregate study by Carrasco-Tauber (1989) estimated returns of $6.15 and
$6.48 for each dollar of pesticide spent in 1984 using two alternative specifications.
There are unique cases when pesticide productivity is found to be very small; for
example, Miranowski (1975) found pesticide productivity in cotton in the 1970s to be
negligible. However, almost all results suggest that the additional revenue to be
gained through the use of pesticides exceeds the added cost by several times. Figures

used in most of the pesticide productivity studies did not include costs related to

application, resistance, and safety. These omissions may explain at least some of the.

measured differences between the revenues and -costs associated with increased
pesticide-use levels. Nevertheless, it is quite reasonable td argue that, for the grower,
pesticide productivity gains substantially outweighed costs. These findings do not
imply that reductions in pesticide-use levels necessarily lead to reduced productivity or
profitability levels. 'i'he development and adoption of new technologies and use of
management systems such as IPM contribute to the stabilization and, in some cases,
decline of pesticide use. The increased adoption of IPM strategics over time is also a
Likely cause for Carrasco-Tauber’s findings of higher marginal productivity of pesticides
in 1984 than in 1963.

Headley's original study used a Cobb-Douglas production function. A recent swdy by Carrasco-
Tauber (1989) found that the use of a damage function approach with Headley's data yields similar
results, -

-11-



Studies show that 800 million pounds of pesticides are applied in
U. S. agriculture annually. Seventy percent of the herbicides applied are used on corn,
soybeans, and cotton to substitute for labor and capital. Sometimes the herbicides are
used as part of ‘a low-tillage strategy. Almost all of the fungicides applied are used in
fruits and vegetables. Cotton is, by far, the heaviest user of insecticides. When
applied on fruits and vegetables, insecticides have a significant impact on quality
which, in some cases, exceeds the benefits from yields. Fungicides affect both yield
and quality. In a study of the effect of fungicides on North Carolina apples, Babcock,
Lichtenberg, and Zilberman (1988) found that quality improvements accounted for one-

third of the benefits of fungicide use and that pruning was an excellent substitute for

fungicides in reducing both yield losses and disease damage.

V. Impact of Restricting Pesticides

After examining the effects on agricultural production and payoffs from pesticide
use, the report now turns to the results of restricting pesticides.

Pesticide restrictions commonly ban the use of certain chemicals while allowing
the use of others. If substitutes exist that are slightly more expensive than the banned
chemicals but equally effective, the restrictions are likely to have very small effects on
productivity and overall pesticide-use levels and may slightly increase pesticide
expenditures. If there are no close substitutes, the regulations may cause considerable
reduction in production, reflecting the productivity of pesticides as a production input.

The economic impact analysis of restricting pesticides needs to include effects
not only on production, but also on prices, trade patterns, and the welfare of different
groups (consumers and producers) affected by the regulations. The Lichtenberg,
Zilberman, and Archibald chapter identified a number of approaches to assessing the
impacts of restricting pesgicides. The partial budgeting approach, used by EPA and

other regulatory agencies, is based on the summation of cost and revenue effects of




regulations across crops, ignoring possible price and land-use changes. This approach
tends to overestimate the impacts on growers and underestimate those on consumers,
especially when. there are not high price elasticities of demand for affected products.
One altefnative is to employ a general equilibrium approach to predict changes in prices
and quantities and estimate impacts on consumer and producer welfare.

An alternative, the marginal analysis approach, has been employed by several
recent policy studies. First, the effects of pesticide regulations on the supply of
affected crops are estimated (either econometrically by crop simulations or by expert
opinions). Then these supply effects are combined with demand and supply elasticity
estimates to approximate changes of prices, quantities, and consumer and producer
surpluses.

The chapter by Parker, Zilberman, and Lichtenbergd explains the marginal
analysis approach and uses it to investigate impacts of the cancellation of the pesticide
ethyl parathion on lettuce, plums, prunes, and almonds. It demonstrates that a
pesticide cancellation would raise market prices for the products involved. The price
effect estimates are small in most situations, but in two cases when parathion cannot
be easily replaced, they are quite substantial (an increase of about 10 percent in the
summer lettuce price and 4 percent in fall lettuce price).

The study demonstrates that the burden of a pesticide cancellation is spread
unevenly. Even when the effects are rather small overall, they can be substantial in
specific areas. While users of the _pesticide generally lose because of increased costs
and/or decreased yield, some users may actually gain bccaus¢ of the increase in output
price. In some cases, total gains to nonusers reached 40 percent of the total losses to

users. Nonusers of the pesticide gain in the form of increased revenues, while

8This paper relies on Lichtenberg, Parker, and Zilberman (1987, 1988).




domestic and foreign consumers lose. Export revenues are estimated to increase with
the pesticide cancellation because of the price increase.

In essence, the study analyzed short-run impacts. In the long run, however,
these policies will produce two conflicting results. One will be increased foreign
competition and an undermining of U. S. competitiveness, forcing an even greater
adjustment in agricultural production due to adjustments in domestic markets. In
contrast, increased regulation will stimulate research and development of substtutes,
thus improving the U. S. technological edge. It should also be noted that, in some
cases when consumers lose in terms of higher prices, they may realize a net gain
because of health and safety considerations. Research into analysis of this net effect
will be important to policy formulation.

The chapter by Butler and Lyons, which relies on Lichtenberg, Zilberman, and
Ellis (1988) as well as Lyons and Zalom (1990), provides another illustration of the
market impacts of restricting a pesticide. In this study, the effects of increasing costs
or reducing yield on cotton were analyzed. The net result of either a cost increase or a
yield decrease is complex and involves estimating a new long-run equilibrium for the
California cotton industry as part of a worldwide market. For example, a 1 percent
decrease in California cotton yields would reduce cotton production by .81 percent
(32,000 bales). Other regions would increase production by 24,000 bales, and the net
reduction in U. S. production would result in a price increase of 2.7 percent. Again,
while overall adjustments and impacts are small, distributional impacts are significant.

Cotton (like rice and wheat) is subject to a government revenue support
program. Government commodity programs affect_ market conditions and, in tumn, the
impact of pesticide regulations. For example, pesticide regulations that result in a
reduction in supply of a commodity in a revenue-support program may lead to a price
increase and, hence, reduced government price-support expenditures. These

reducdons in expenditures may be of substantial value to overall economic welfare.
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Reliability of future studies of market effects of pesticide regulations will benefit from |
expanding the modeling framework to consider other (nonpestdcide) policies affecting
agriculture. Lichtenberg and Zilberman (1986) showed that ignoring commodity
programs in assessing the impacts of pesticide regulations in agriculture may
overestimate the overall impact of these regulations by up to 30 percent.

Siébcn's chapter? on the economic impact of the establishment of the Medfly in
California describes the estimation of incrcaséd costsrand decreased yields that would
be associated with restricting the application of malathion-treated bait in urban areas
and establishment of the pest in commercial agricultural areas. While changes in
yields and costs were considered for 22 crops, the market analysis was conducted only
for 10 because of a lack of appropriate data and estimates of market characteristics.
Overall, it was found that an increase in costs and decrease in yields would lead to
higher consumer prices. The net effect would be overall decreases in revenues for thc
10 crops analyzed, but the distribution of revenues among crops would be sxgmficantly
different. Producers of some crops would actually gain revenues because of the higher
prices, significantly offsetting decreases in quantity, while others would lose revenue.
What is missing from this analysis, as well as others like it, is the long-run adjustment

10 2 new equilibrium for the industries involved. Hence, further research is warranted
for studies of this nature.

VL. Health and Safety Risk Considerations
Federal law!0 specifies that chemical pesticides are to be regulated so that their

economic benefits outweigh any adverse effects on the environment or on human
health. Lichtenberg and Zilberman explore the complexities of assessing the health
risks of pesticide applications. For example, data on the health risk effects, such as

9See Siebert and Pradhan (1990).
10The Federal Insecticide, Fungicide and Rodenticide Act (FIFRA).
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human cancer, associated with exposure to a particular pesticide are derived from
animal studies and are subject to major uncertainties. Studies of worker safety and
water quality degradation resulting from pesticide use havé revealed that risk levels
vary substantiaﬁy across locations, across occupations, and over time. The spraying of
a pesticide over a given location and human exposure to it are affected by many random
variables—weather, environmental and chemical conditions, human behavior,
protective clothing, and the like. Because of this randomness and uncertainty, risk
assessment studies seldom provide average or "most likely" risk estimators. Indeed,
they take a conscﬁative approach and generate uncertainty-adjusted estimators. In

essence, these estimators are "upper bounds” and, for most cases, the likelihood (or

statistical confidence level) that actual risk is smaller than estimated risk is very high

(more than 90 percent). Unfortunately, risk assessment studies differ in the extent to
which they adjust their estimators for uncertainty, and these differences make
comparative risk analyses and design of consistent regulations of health risks very
difficult. 11 |

The chapter introduces a framework for assessing trade-offs between costs and
risks. This approach!? emphasizes the use of equally conservative risk c#timates in
the construction of trade-off relationships and attempts to identify efficient policies,
namely, the ones that will contain environmental health risks with minimum costs.
Results of several case studies of the use of this approach are presented.

One of the studies analyzed alternative drinking water quality regulations in an
- area (Fresno County) contaminated by a pesticide (1,2-dibromo-3-chloropropane,

DBCP) residue.l3 Another study examined shellfish sanitation in an estuary (North

For a more complete discussion of this difficulty, see Archibald and Winter (1990).
12Presented in detail in Lichtenberg and Zilberman (1988).
13For a more detailed analysis of the case, see Lichtenberg, Zilberman, and Bogen (1989).



San Francisco Bay) contaminated by dairy waste runoff.14 Results from these two -
studies show that the additional costs of containing risk increase substantially when
increasingly more conservative risk measures are used. The outcomes also
demonstrate that imposing uniform standards to contain risk results in excessive cost;
efficient regulations recognize differences between producers and regions and vary
accordingly.

Harper and Zilberman!S compute cost-risk trade-offs associated with
alternative pest control policies in Imperial Valley cotton. Assessing the impacts on
outputs and farmers' income requires an explicit evaluation of the implications of
biological complexities, such as secondary pest infestations and pest resistance to
pesticides. The results demonstrate that prevailing procedures of making adjustments
to account for uncerwainty in risk assessment are (implicitly) excessively conservative
and lead to substantial overestimation of pesticide health risk. The analysis suggests
that in this case a change in cultural practice (e.g., transition to short season) and
elimination of the use of a carcinogenic pesticide (e.g., chlordimeform, which has since
been withdrawn) would substandally reduce yield but slightly reduce farm income. In
modeling of the health effects of alternative policies, it is necessary to recognize
differences in exposure and vulnerability to pesticides among different worker groups.
For example, mixer loaders are much more vulnerable to the health effects than pilots
or flaggers.

Thg results of both chapters demonstrate the vast degrees of heterogeneity and
variability of populations affected by health risks. Heterogeneity and variability may be
caused by differences in physical constraints as well as in beliefs and attitudes that

lead to differences in behavior. Baumol and Oates (1974) found when variability and

14Deailed analysis of this case appears in Lichtenberg and Zilberman (1987).
15This paper relies on Harper and Zilberman (1989) and Harper (1987).
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heterogeneity exist, environmental objectives are attained at least covst by flexible
policies.

Taxaton of pesticides is one form of a flexible policy. Individuals who do not
gain much from the use of pesticides will stop (or reduce) their use to decrease their
tax payment, while the use of pesticides can continue where it is beneficial. Similarly,
with respect to food safety problems, differences in individual atributes as well as
perceptions are major sources of heterogeneity. Existence of a system of markets for
products differentiated by chemical input use, such as organic or residue-free, allows
freedom of choice. The government's role may be in establishing and monitoring
performance criteria in the differentiated product markets.

Lichtenberg, Spear, and Zilberman!6 discuss pesticides and farm worker safety
through reentry regulaﬁon. They point out that, while residues in food command the
public's attention, the group most vulnerable to health and safety problems associated
with pesticide use are farm workers and applicators. Hence, the authors studied the
resriction of reentry into treated fields until enough of the residues degrade into
nontoxic by-products. They investigated the use of organophosphate insecticides in
Washington, Michigan, and California to protect apple crops from infestations of codling -
moth larvae resulting from moth flights shortly before harvest. Appropriate estimates
were made by applying the economic theory that the optimal preharvest interval is
found by equating the additional cost of harvest delays in terms of revenue lost with
the increased benefits associated with reductions in the number of poisoning incidents.
In the case of California, the interval was estimated to be 15 days, close to current
EPA regulations. In Washington and Michigan—where rainfall is greater, and thus
residue levels lower—a shorter preharvest interval of 12 and 9 days, respectively, was

estimated as optimal. Integrating farm-level pesticide-use decisions, industry-level

16This paper is based on Lichtenberg, Spear, and Zilberman (1989).




market operations, and the environmental and human health effects of pesticide

exposure can contr:pute to more informed and efficient decisions about pesticides.

VII. Summary and Conclusions

The economic evaluation of the use and restriction of pesticides has progrched
from a very simple estimation of their impacts on production cost to identification of
impacts on markets anc consumers to consideration of trade-offs of market benefits
and environmental and health and safety risks are increased. The application of models
has led to increasingly complcx analysis. The lessons learned from the cases
presented here demonstrate that no single conclusion results from considering the
economic consequences of regulations and policies restricting the use of pesticides on

crops in California. The following points, however, seem appropriate:

1. There are sighiﬁcam payoffs to using pesticides, in both quantity and quality
and it is not clear that pesticides are overutilized from the grower's perspective.

2. Environmental implications of pesticide use justify government regulation.
Determining whether or not existing levels of regulation are sufficient requires
comparing environmental health benefits with market costs.

3. Estimates of overall market impacts of pesticide bans are difficult given the
variability in producer, crop location, pesticide-use patterns, season, and market
characteristics. This difficulty is increased by data gaps about alternatives to the
banned chemicals and particularly their relative efficacy and efficiency. While no
attempt is made to provide an overall estimate of the impact of restricting pesticide
use, the studies discussed in this overview provide valuable insight into some lik;ly
outcomes when economic theory and practice are combined with accurate and reliable
sources of data. Great care should be taken in attempting to extrapolate and
generalize conclusions from these individual studies because of the variations in

assumptions and economic models used.
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4. The effects of restricting or removing a pesticide will be unstable and depend
on a number of factors. Gains and losses will vary in their distribution -among
commodites, producers, and regions. A short-run increase in cost or decrease in yield
will depend o;x'altemaﬁve chemicals, technologies, and cultural methods available as
subsﬁtﬁtcs. The longer run effect on cost and yields will depend on the development of
new technologies through increased research and development. The largest economic
loss from the elimination of a chemical is for those crops that are dependent on it, and
in which no close substitutes. are available.

5. Short-run impacts of pesticide regulation on producers, industries, regions,
and consumers (forcign and domestic) are likely to vary and usually will take the form
of higher productioh costs and consumer prices. Technological change coupled with an
expanded out-of-state supply tends to increase long-run supply and mitigate some of
the shon-térm‘ price effect of the regulation. The impact on the consumer is likely to be
smaller in the long run, but, for some producers, the loss may be larger in the long than
the short run because of lower prices. The estimation of long-run outcomes is quite
complex and may require data and analyses that are not yet developed.

6. Environmental health impacts of pesticide use vary across locations
according to their physical features, economic activities, and protective measures.
Efficient policies have to recognize this variability and modify regulations accordingly.
However, the estimation of these impacts is a growing field that involves the
development of reliable data sources.

7. Uncertainty about health effects increases the cost of making decisions on
pesticide policies and regulations. This uncertainty has to be treated consistently in
policy assessment and in the modeling process. Reduction of the uncertainty through
rescarch and monitoring of health effects and environmental conditions enhances the

efficiency of environmental health and safety decision making.
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8. A policy consisting of 2 complete ban of specific chemicals will achieve
environmental health and safety less efficiently than one that targets the crops and
locations where the damage is greatest. Such a discriminatory policy is particularly
effective when coupled with market mechanisms that provide incentives for achieving
certain goals and penaldes for activities not in conformance. In Pparticular, user fees on
pesticide use is a mechanism for achieving environmental objectives more efficiently
than a complete ban. A tax rate per unit of active ingredient could be assigned to
chemicals known to pose environmental or health risks. Pesticides could be taxed
according to their chemical content. Such a tax would serve as an incentive to reduce
the use of hazardous chemicals and to adopt alternative pest control methods. This
policy can be targeted to encourage environmentally sound practices as well as to
generate other benefits, such as investment into research of alternative technologies.

9. Increased research is needed and should be part of policy and regulatory.
decisions. Specifically, research on new alternative technologies and products to
replace or modify current undesirable pesticides should be undertaken. In addition,
research needs to address environmental and health effects and methodologies to

ensure improved and effective monitoring and implementation of regulations.
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AN OVERVIEW OF CALIFORNIA AGRICULTURE:
TRENDS AND ISSUES

Jerome B. Siebert

Department of Agricultural and Resource Economics
University of California at Berkeley
California is the leading agricultural state in the United States with gross farm
income valued at nearly $17 billion in 1988. The contribution to the California economy
is estimated to be 2.5 times farm value.! The next largest farm state is Texas which -

has a gross farm value of $10.3 billion. California produces over 50 percent of the

| nation's fruits, nuts, and vegetables on only 3 percent of its farmland. Over 250 crops

and commodities are produced in California on 31.6 million acres with most produced
on about 8.5 million irrigated acres from a total of 84,000 farms. Agriculture: uses
about 85 percent of the water supply in California. While utilizing high levels of
capital, California agriculture also depends on significant amounts of farm labor with
employment aQeraging up to 400,000.

California agriculture is characterized by high value cash crops which utilize
high levels of technology, capital, and management. Its success is attributed to a
blend of climate, water, soil, technology, and management that produce and market a
high quality product. Whether California agriculture can continue to maintain its
historical leadership role will depend on many factors. The purpose of this chapter is
to provide an overview of the tﬁany dimensions of California agriculture and identify

those issues that are important to its long-run health and vigor.

IThis multiplier varies by commodity. For further details, see California Department of Water
Resources (1980).
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I. Overview of California Agriculture2

A summary of the major crop and livestock commodities is contained in Table 1
in order of mgjor grouping and 1988 gross sales value. Where California is
traditionally known for its production of speciality crops (fruits, nuts, and vegetables),
the consistent leaders in terms of gross value are milk and cream and cattle and
calves. These two commodities amount to $2.1 billion and $1.6 billion, respectively;
both account for over one-fifth of the gross farm income. Overall, the livestock and
poultry sector has a gross farm product of over $4.7 billion. This sector was followed
by fruits and nuts with $4.0 billion, vegetables with $3.7 billion, field crops with $3.0
billion, and nursery with $1.6 billion.

California is the nation's leader in the production of many fruits and nut crops,
and is the exclusive supplier of almonds, clingstone peaches, dates, figs, kiwifruit,
olives, pistachios, pomegranates, prunes, raisins, and walnuts. In terms of value,

grapes account for nearly one-third of fruit and nut production. Citrus accounts for an

additional 16 percent and almonds 14 percent. Significant changes have taken place in

the fruit and nut industries over the last three decades. Statewide acreage has
increased dramatically as new acreages were opened up from State Water Project
deliveries and as farmers shifted from lower value field crops. For example, bearing
acreage in almonds increased from 100,000 in 1950 to over 400,000 and wine grapes
increased from less than 50,000 to over 300,000 during the.decade of the 1970s. Shifts
in acreage also took place from urbanized coastal areas to the San Joaquin Valley as
well as between crops as profitability changed due to shifts in demand; changes in
cost; and availability of water for irrigation, land prices, and susceptibility of different

areas to pest and disease problems.

2For a good description of the commodities produced in California agriculture and their overall
production value, see Carter and Nuckton (1989).
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- TABLE 1
California's Leading Agricultural Commodities
Total Share of U.S. Total
Commodity 1988 value harvest production exports
thousand dollars thousand acres percent percent
Field crops ‘ 2,994,182 5,257.0
Cotton - 1,026,633 1,336.8 18.3 69.9
Hay, alfalfa, other 817,614 1,680.0 6.8 6.3
Rice 197,583 420.0 18.5 47.3
Sugar beets 178,080 212.0 214
Wheat 164,860 519.0 24 50.8
Beans, dry 104,473 150.0 15.0
Corn for grain 86,768 187.0 .6
Barley 46,116 280.0 3.7 1.0
Alfalfa seed 41,665 67.0 24.8
Safflower 32,000 115.0
Fruits and nuts 4,040,253 1,954.0
Grapes, all 1,356,250 654.2 91.6 24.5
Almonds, shelled 600,075 407.0 99.9 68.1
Oranges, all 458,446 172.0 26.0 20.9
Avocados 205,200 74.8 86.1 10.4
Walnuts 190,962 174.0 100.0 33.0
Peaches, all 177,880 53.7 58.7 7.2
Lemons 171,436 48.9 82.3 36.2
Apples 117,750 23.0 6.9
Prunes, dried 113,925 76.7 100.0 29.6
Pistachios 104,340 44.1 100.0 23.1
Plums 102,661 40.8 80.6 21.0
Nectarines 78,861 24.2 97.0
Pears 74,540 23.0 35.1 9.7
Grapefruits 55,404 20.6 13.0 36.7
Olives 50,449 315 99.9 2.6
Apricots 29,613 17.8 929 12.2
Cherries, sweet 20,040 10.3 14.0 51.2
Yegetables 3,701,745 1,117.0
Lettuce 632,424 159.5 73.0 7.2
Strawberries 388,998 17.6 - 739 8.1
Processing tomatoes 385,669 226.1 88.4 22
Broccoli 265,954 101.1 90.9 10.7
Fresh tomatoes - 264,075 37.5 25.0 124
Carrots 247,366 51.1 65.1 6.1
Cauliflower - 161,514 48.0 79.2 12.5
Celery 147,740 203 68.4 10.1
Potatoes 143,673 47.2 4.8 44
Cantaloupe 114,075 84.5 ‘
Mushrooms 110,189 5 17.8
Onions 104,082 40.5 32.1 6.7
Asparagus 83,431 -40.1 48.0 18.0
Honeydew melons 47,435 21.3 69.1
Sweet potatoes 15,329 : 7.1 10.5
. (Continued on next page.)



TABLE 1—continued.

Total Share of U.S. Total

Commodity 1988 value harvest production exports
thousand dollars thousand acres percent percent
Livestock & poultry 4,703,771
Milk & cream 2,080,739 13.0 2.7
Cattle & calves 1,613,819 4.8 3.1
Chickens 343,090 5.1 5.7
Eggs, chicken 297,786 ' 11.1
Turkeys 200,340 11.3 1.6
Sheep & lambs 66,547 10.5 44
Hogs & pigs 22,146 2
Nursery products 1,573,996 v
Nursery products 919,049 27.6
Flower & foliage 654,947 28.6 2.8
TOTAL 17,013.947 8,328.0

Source: California Agricultural Directory, 1990. Published by California Agricultural
Service Agency, Sacramento, California. Data provided by California Department
of Food and Agriculture, Statistical Review, 1988.
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Increases in yields have taken place as new varieties are developed and new
technologies adopted. In addition, newer varieties have lengthened the season for
many crops and provided improved quality. Many fruit and nut crops are assisted in
new research through marketing order check-off funds designated for research and
development. Recently, much of this research and development money has been
allocated to Integrated Pest Management (IPM) programs;

One recent development that has taken place is the impdrtation of fresh fruits,
particularly from the southern hemisphere, to fill in voids left by the seasonality of
California fruit production. These imports generally have been complementary to
California production with a limited amount of competition due to overlaps in seasons.

Many of California's fruit and nut crops are exported. Growth in thésc export
markets has been significant over the past six years.. Leading to the improvement in
this situation has been a relatively weak dollar against other currencies, the
introduction of subsidized promotion programs through the Targeted Export
Assistance (TEA) program, and the use of marketing order and commission funds in
market promotion. The leading crops exported are almonds, walnuts, oranges,
lemons, grapefruit, raisins, prunes, cherries, plums, and pistachios. New markets in

the - Pacific Rim .have opened up through negotiations, particularly for citrus and

" nectarines.

California is the principal producer of vegetables in the United States with

54 percent of the 10 major fresh market vegetables and 57 percent of the five major

processing vegetables. Lettuce is, by far, the largest commodity in terms of value
with nearly 17 percent of total vegetable production. Processing tomatoes and
strawberries account for another 10 percent each; and broccoli, fresh tomatoes,
carrots, cauliflower, celery, potatoes, cantaloupe, and mushrooms combined account

for an additional 36 percent. California vegetable production has expanded in response
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to consumer demand with acreage and production up over 30 percent during the past
decade.

Important shifts have taken place in vegetable production as traditional areas
of production in the coastal areas have been removed due to urban pressures and
replaced by the desert areas and the San Joaquin Valley. The central coast area
dominated by the Salinas Valley, also known as the "salad bowl of the world," is still
a significant factor in California vegetable production due to state-of-the-art
production and postharvest practices as well as year-round seasons. Nevertheless,
the San Joaquin Valley has become the production leader in vegetables in California
with 538 thousand harvested acres in 1987 compared to 322 thousand acres on the
central coast.

California fruit and vegetable growey-shippers are highly integrated and
frequently multi-regional and multi-commodity in scope. They have increasingly
expanded into other regions and countries either through joint ventures or purchase
arrangements that enable them to become year-round marketers, thereby increasing
their risk. Significant expansion has taken place in Mexico where there is lower labor
costs and less stringent environmental regulation. While further expansion may be
limited due to a number of factors, the high degree of integration of the Arizona,
California, and Mexico vegetable industries has dramatically changed the face of the
vegetable industry.

While California is not known for its production of field crops, it nevertheless
grows significant quantities of cotton, rice, sugar beets, dry beans, and alfalfa. Many
of these quantities, such as alfalfa, are used as inputs into livestock production.
Overall, while the value of field crops accounts for only 15 percent of the total farm

value of commodities in California, harvested acres account for almost two-thirds of

~total acreage. In addition, significant amounts of field crops are exported—notably

cotton, rice, wheat, alfalfa seed, and safflower.
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Market conditions for California field crops depend largely on conditions
elsewhere, particularly international markets and federal farm and trade policy. While
federal crop subsidies account for less than 2 percent of the total value of farm
production, or about $279.9 n_1i11ion, in California, they account for significant
percentages of farm income for producers of rice, cotton, and wheat. In particular,
federal subsidy payments in 1988 amounted to 18.1 percent for cotton, 19.3 percent for
barley, 25.2 percent for rice, and 28.8 percent for wheat. These payments do not take
into account water subsidies for California agriculture.

Cotton, grown largely in the San Joaquin Valley, is the leading field crop and
principal agricultural export. It is grown on 16 percent of the state's cropland and
consumes about 8 percent of available water supplies. Because it is such a strategic
crop, the profitability of cotton has dramatic impact on other crops planted in California,
particularly the San Joaquin Valley. While essential inputs such as water increase in
price, farmers tend to look for higher value crops such as fruits, nuts, and vegetables.
Hence, during the last decade field crops have experienced a significant shift.

Alfalfa is another significant field crop utilizing over 20 percent of the state's
total acreage. In addition, it uses large amounts of water, consuming about 16 percent
of total available water supplies in the state. Alfalfa is an important feed ingredient to
the state's livestock, dairy, and horse industries. Even with the large amount of alfalfa
hay production in California, the state must still import significant quantities of feed
from other western states. )

The livestock, dairy, and poultry industries have long been heavy contributors
to the California farm economy. However, significant changes have taken place during
the last two decades. First, California—due to its large populatioh——has traditionally
been a net importer of livestock, dairy, and poultry. For example, although California
is the second largest dairy state next to Wisconsin, it still must import nearly

50 percent of its cheese requirements. Additionally, the industry has changed
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dramatically from producing primarily for a fluid market to one that produces over
50 percent into butter, nonfat dry milk, and cheese; with about 20 percent going into
government sales; and another 15 percent marketed outside of California.

California has traditionally imported most of its chicken and broiler products.
This situation will likely continue even with a tripling of broiler production due to
population increase. Population growth has also increased production of turkey
products. However, the egg industry, while still a national leader, has shrunk
dramatically due to a decrease in demand.

California beef production centers on cow-calf operations that take advantage
of the abundant range resources in the state. Most of the beef that is consumed in
California is finished outside of the state and then slaughtered and shipped back in.
Only 30 percent of the beef consumed in California is slaughtered in the state due to
high labor costs. One area that is undergoing expansion is the growing Japanese
market for California beef as companies from that country have purchased feedlots and
slaughtering facilities.

As far as other livestock products arc. concerned (lamb and pork), most 6f
California's consumption will continue to be imported from other areas.

Nursery and floral products account for a growing share of California
agriculture's gross farm product. In 1988, the value of these products was nearly $1.6
billion. Exports do not account for a significant part of income. However, the industry
is facing increased competition from low-priced and often subsidized imports.
Competition is especially intense on the eastern seaboard and for cut flowers.

The $17 billion generated by California agriculture in farm sales has been a
significant factor in the state's economy. To this amount, a multiplier of 2.5 is factored
in to allow for value-added to the raw product produced on the farm. This factor

reflects the additional processing, packaging, transportation, storage, and marketing




costs that take place for farm products to reach the consumer. Hence, the value of
agricultural products is estimated to be $42.5 billion in terms of value added to it.

‘The role of the farm economy as part of the California state economy is
significant. Historically, the value of farm production, as a percent of the California
Gross State Product, has averaged over 3 peréent.3 During the past decade, however,
this percentage has been decreasing and reached a low of 2.3 percent in 1985. This
t;end is likely to continue as California becomes a more urbanized state placing
increased pressures on land, air, and water resources used in agricultural production.

California agriculture is increasingly turning to world markets to sell many of
the crops it produces. Exports of agricultural products amounted to nearly 25 percent
of that produced in 1988, or $4 billion. This amount is an increase from 1987 in which
exports amounted to $3.3 billion. |

~ California agriculture has benefited from several federal and state marketing
programs. In the past two years, California agriculture has made heavy use of the
Export Enhancement Program and TEA funds from the U. S. Department of
Agriculture (USDA) to assist in export marketing. These programs have provided
great assistance in marketing California products in export markets, particularly those
where California products have faced subsidized competition. In addition, school lunch
purchases have become a mainstay of many commodity marketing programs. There
are 48 state and federal marketing order, and commission programs that include
various proviSions for research, pro_motion, advertising, education, information, market
allocation, grades, standards, and quality.

California agriculture currently is a healthy and vigorous contributor to the
California economy. Whether it can continue to maintain its prosperity and leadership

role will depend on the resolution of a number of issues. These issues cover a broad

3For details, see California Statistical Abstract (1989).



spectrum—from the role of California in a global market and economy to water, land

use, environment, food health and safety, and labor concerns.4

II. California .‘Agriculture in a Global Economy

California's markets are influenced by changes in economic forces and
conditions on a worldwide basis. Government actions concerning inflation, interest
rates, exchange rates, and monetary and fiscal policies have an impact. High inflation
and interest rates in the late 1970s, coupled with a rise in the value of the dollar, led to
a significant shakeout in California agriculture in the 1980s. Agriculture did not turn
around until inflation subsided along with interest rates and the dollar weakened in the
mid-1980s to allow U. S. products to become more competitive.

Government actions have a significant impact on world agricultural markets. A
current concern is the use of production and marketing subsidies to promote industries
that compete with U. S. agricultural products both in export and domestic markets. In
many cases, these subsidies are also coupled with import barriers that restrict entry
of U. S. products. The question of these subsidies and trade barriers is currently being
negotiated under the General Agreement on Tariffs and Trade (GATT). The United
States is proposing elimination of trade-distorting subsidies and barriers which, if
enacted, poses both opportunities and problems for California agriculture. Elimination
or reduction of trade barriers by countries that have restricted California products
promises increased export opportunities. However, removal or reduction of U. S.
barriers will mean increased competitive pressures for some domestic agricultural
industries.

A significant number of changes are taking place in agricultural markets. One
such change involves an increase in the value-added component of food and fiber. The

lessening importance of the raw product component means that other factors will

4 Much of the following material is taken from Sicbert (1990).
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influence decisions regarding food product marketing than production. This trend
toward value-added food and fiber products is not only true in the United States but
throughout the rest of the world. More countries are looking to compete in the world
markets on a value-added basis rather than in marketing the raw component,
particularly those countries that have relatively inexpensive labor supplies. For
California, this development has serious implications as far as its markets are
concerned.

Quality is a factor in which California has traditionally been a leader in the
world. It has been established through the use of advanced technology as well as
appropriate management systems which coordinate activities for quality enhancement
from production through retailing. However, the rest of the world is catching up—both
through the applications of technology developed in California and thfbugh
technological advances of their own. |

Technology today is truly international. Where California once had a dééided
edge through its University research and extension, coupled with an active and viable
private research and development effort, other countries have made major advance,
and, in some cases, are recognized world leaders. For some commodities, California
musi go to foreign companies for state-of-the-art technology. The University of
California is well known for its basic research and is placing an increasing level of
priority on biotechnology; however, a growing gap is taking place in applications
research and development activities which are essential to continued leadership in
technology. A fierce struggle is occurring worldwide for control of technology,
particularly among multinational companies that view this as a way of controlling the
market.

Significant changes have taken place in the structure of the food and fiber
industry in the world. In the United States, the number of food processing companies

has been steadily declining since the late 1940s with the survivors even larger. This
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trend is no more evident than in the California canning industry. The implication of this
change is that the larger companies are more likely to be multinational and global in
their outlook. ~They will look to market requirements first and then access products
from sources where the quantity, quality, price, and market delivery meet their
specifications. In addition, they will develop and have access to market information
that is not available through public mechanisms. Finally, fewer processors‘and sellers

will also mean fewer buyers which will shift bargaining power in their favor.

III. Water and Land Use

Water is the lifeblood of California agriculture. There is adequate land in
California for production of crops but, without water, not many crops would be
economically feasible. Agriculture utilizes about 85 percent of the available water
supplies in California. Because it is the state's largest water user, pressure is
increasing from many directions. With an increasing population in California and little
development of additional water supplies in the foreseeable future, water now being
used by agriculture is an inviting target for real}ocation to industrial and municipal
uses.

One major issue regarding the use of water by agriculture is conservation.
Agriculture is accused of wasting water. Many contend that more water supplies
could be made available if agriculture would shift to crops that require less water as
well as utilize irrigation methods such as drip iﬁigation that are more efficient. Many
crops are grown because they are profitable in the marketplace and not because they
are water efficient. The shift to more efficient irrigation methods is limited by the kind
of crop grown and its water requirements and the soils structure. For exvample, some
crops and soils require a leaching of salts beyond the root zone that can only be
accomplished with furrow irrigation which is less efficient compared to drip irrigation.

Another related factor is that conversion to drip or sprinkler irrigation is costly and
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requires higher levels of energy. Hence, agriculture is in a real dilemma rcgarding.

water conservation, but pressure is likely to increase.

Another issue is water pricing. Compared to the delivered price in urban areas,
many agricultural irrigation districts have less expensive water supplies. The reasons
for this difference are many. However, many critics of agricultural water use allege
that it is unduly subsidized and that it ought to pay a price for water more nearly in
line with the true costs of delivery. The critics further maintain that, if agriculture
would pay a higher price, it would develop necessary conservation measures. Water
costs for agriculture have been increasing, and water conservation measures have
been adopted. These measures have included more efficient delivery methods such as
sprinkler and drip irrigation, return flow systems to reuse waste water, and irrigation
management systems to improve time water applications to coincide with wéather
conditions and plant stress. :

Another related issue is drainage. Because of the nature of many agricﬁltural
soils, they must have adequate drainage in order to avoid the buildup of damaging
salts. The San Joaquin Valley drain was planned and partially built. However,
construction was stopped with the result that lands that are irrigated on the west side
of the San Joaquiri Valley do not have a place to drain water containing high levels of
salts. As a result, "perched" water tables are building up into the root zones of many
crops, and productive land is being lost. At risk may be land totaling 1 million acres.

Agricultural land is coming under increased pressure from development as
California's population expands. About 44,'000 acres of land are being lost to
urbanization each year with most of it prime agricultural land. If this trend continues,
nearly 1 million acres of land could be lost during the next 20 years. Deferrals in the
conversion of agricultural land have occurred under use of the Williamson Act which
assesses it on the basis of agricultural use and not market value. However, many

counties that utilize the Act are finding that the subvention funds used to offset the
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loss in tax revenue are not sufficient and are considering suspension of the Act.
Removal of the Williamson Act provisions in many counties would hasten the

conversion of agricultural land.

IV. Environmental and Food Health and Safety

California agriculture uses chemicals to increase efficiency by controlling pests
and diseases and to enhance quality. Among the chemicals used are pesticides,
fertilizers, and fuels. Increased pressure is being placed on agriculture to use less
chemicals, particularly pesticides, through environmental and food health and safety
regulation. Concerns have been expressed in the areas of water quality, detection of
toxics in food supplies, and worker protection. As a result of these concerns, more
restrictive regulations and policies have emerged to control the use of chemicals and
avoid unsafe levels of toxics in the food and fiber supply as well as to protect the
environment.

California agriculture is already the most regulated industry in the United
States, if not the world, in the production of food and fiber. Many chemicals have been
banned from use with increasing restrictions on applications of many others. These
chemicals that have been prohibited from use are not being replaced as companies are
finding that the costs of developing new ones are not profitable, particularly given
increased risk associated with bringing new products into a market. In addition,
because of the speciality crop nature of California agriculture, the market for new
chemicals is limited in terms of revenues needed to offset product development costs.
Hence, California agriculture is seeking new alternatives to its current arsenal of pest
and disease controls.

In order to reduce its dependence on chemicals, four areas are emerging to
meet agriculture's needs: (1) the development of pest and disease-resistant varieties

through biotechnology research, (2) the development of improved pest control and




environmentally compatible compounds through biotechnology and other research,
(3) the use of IPM systems which utilizes a broad spectrum of technologies from
biological to pest.monitoring and improved management information to reduce chemical
use, and (4) sustainable agriculture which looks at farming systems that are more
compatiblev with natural resource use and environmental concerns. Continued
pressure will be placed on agriculture to develop programs that will be more
compatible with environmental and food health and safety concerns. Unless feasible

alternatives are found, costs will increase, and California agriculture will become less

competitive in the marketplace.

V. Farm Labor

While California agriculture is an intensive user of capital, it also is highly
dependent on farm labor. Farm labor accounts for about 25 percent of overall farm
production costs. Hence, California agriculture must not only be concerned with
adequate suppiies of labor, but also the cost of labor as it relates to overall production
costs. In relation to other competing countries, California has substantially higher
labor costs.

Farm labor rules have changed. Passage of the Immigration Reform and
Control Act of 1986 (IRCA) has placed new rules on the availability of farm labor to
agriculture. While adequate supplies now exist, it is expected that the historical
transition from farm jobs to urban jobs will continue to take place with farm laborers.
Unlike the past, replenishment of workers who leave the farm workplace is now highly
controlled by IRCA. A significant test will take place in the years ahead as to
whether the mechanisms now in place can meet the needs to fill farm labor vacancies
not only in terms of quantity but also in terms of timeliness of harvest.

The spin-off from this prospective supply situation will be twofold. One is in

the form of economic incentives needed to keep people in the farm labor ranks. These
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incentives will take place in the form of higher wages and improved benefits. Since
California is already a high labor cost agricultural producer compared to its worldwide
competitors, pressure will be on to increase efficiency through adoption of technology
and management to offset increased labor costs. A second challenge to farmers will
be td increase their management skills related to labor not only to provide increased
efficiency but also to provide a workplace environment that is conducive to retaining

farm laborers.

V1. Conclusions

California agriculture is a dynamic industry which has maintained its world
leadership through innovation and management skills. However, a number of changes
are taking place that, coupled with some critical issues, pose a challenge to this
leadership. The restructuring of food and fiber markets means that increasingly
California firms must think of themselves in the context of global competitors. If the
U. S. status of decreasing government influences in the production and marketing of
food and fiber succeeds, agriculture will find itself not only in a position to take
advantage of opportunities now denied because of trade barriers but also in a position
where it might face increased competition for the same reason. Pressures from water
and land-use issues could well lead to a reduction in land available to grow crops as
well as to increased costs. Cost increases will also occur in complying with increasing
environmental and food health and safety regulations. It ﬁso is likely that increased
costs will occur in assuring adequate supplies of farm labor. To offset these cost
pressures, California agriculture will increasingly turn to a mix of high value and
value-added food and fiber products. In addition, it will need improved technologies
and management skills in order to offset its increased costs with improved efficiencies.
In spite of the adversity identified with the future of California agriculture, it is located

in a rapidly growing market in its home state (nation) as well as sitting at the

40-



doorstep of the largest market in the world in the Pacific Rim. California agriculture

will be changed because of the forces identified. Its ability to provide quality goods

and services to the marketplace will depend mainly on its ability to quickly adopt new

technologies and apply a high level of management skills.
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PESTICIDE USE IN CALIFORNIA AGRICULTURE

Gerald A. Carlson

Department of Economics and Business
North Carolina State University
Pesticide use in modern agriculture has helped account for increased output of
high quality food. This has helped release labor from menial tasks such as weeding,
pruning, and produce sorting. Use of pesticides in California crops is somewhat unique
compared with much of the remainder of the United States in that the crops are
relatively high value per unit area, there is more use of high technology and

management, and there are favorable weather and pest conditions. In addition,

- California farmers produce large shares of the U. S. production of fruits and vegetables

which have special pest management problems because they are "minor pesticide"
markets.

This chapter summarizes data from farm surveys of pesticide use in California
and elsewhere in the United States. Four major points are developed:

» Use levels of pesticides in California per acre and per dollar of farm output is
low relative to the remainder of the United States for most crops and pesticide
‘types.

» Use levels of most pesticides over the past decade are stable or declining
especially when adjustments are made for dosages per application.

* Many of the crops gro;vn in California are "minor use crops" which means that
the cost of safety and efficacy studies for pesticide registration is relatively

high per acre.

43-



+ California agriculturalists have been world leaders in developing pest

management practices and substituting information and labor for pesticides.

I. A Perspective of Pesticides in California Agriculture

Farmers who routinely come into contact with pesticides can easily see their
benefits in production in terms of higher yields, increased quality of produce, and
capabilities for extending the growing season to provide produce through much of the

year. Farmers must continuously weigh the value of the extra produce which

pesticides provide with their costs. The costs include the farmers' and his laborers'

safety as well as the direct costs of the pesticides. However, food consumers and the
typical voters have a difficult time associating food quality and food prices with
pesticide use.

For California farmers, the $8.5 billion fruit, nut, and vegetable industry
accounts for about one-half of the total agricultural receipts in the state. On the
consumer side, these products represent an important share of the diet. Total fruit,
nut, and vegetable consumption relative to all food consumption (weight basis at
retail) is about 30 percent in the average American diet (Agricultural Statistics, 1988).
California growers account for about 55 percent of the U. S. production of fruit and nuts
and about 50 percent of all vegetables. Net imports account for about 5 percent of the
value of production for vegetables. Most all types of fruit and vegetables are grown in
California and, in some cases (processed tomatoes, canned peaches, avocados,
almonds, walnuts, apricots, lemons, prunes and plums, and grapes), large proportions
(greater than 90 percent) are produced in California.

Figure 1 shows the consumption shares for fruits and vegetables based on
fresh produce equivalent weight basis (Agricultural Statistics). With the exception of
potatoes and bananas, California growers account for a large share of this food. For

California consumers, even higher percentages of the produce would originate in
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FIGURE 1 U.S. CONSUMPTION SHARES FOR
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California fields. Therefore, it is critical for consumers to be aware of the costs of

changes in production practices as well as food quality originating in California.

IL. Pesticide Use in California Relative to Other Regions
Use levels of pesticides by California farmers are low relative to those in other

parts of the United States. This is partly due to the dry weather in California and

partly to advanced pest management techniques developed and widely adopted by

growers. The relatively low use of pesticides per acre and especially per dollar of crop
revenue indicates that California growers have already adopted most of the more
advanced pest management techniques. Additional restrictions on use are likely to
result in major short-term disruptions in agricultural production with associated higher
consumer prices.

Figures 2 to 12 show pesticide applications (product acres = applications x
number of different products in an application) per acre grown for 11 of the major
California crops relative to other regions based on farmer surveys for 1987 and 1988.
This survey is conducted by a firm which has been collecting pesticide-use data from
farmers each year for about 20 years; 4,683 fruit and mit growers were surveyed in
1988 while 5,019 vegetable growers were contacted in 1987. The "West" region
includes some producers from other states, especially in the case of potatoes and
apples; but in all cases the data for the "West" closely represent California pesticide-
use practices. The same type of survey data for 2,000 co'tton growers is summarized
in Figure 13. |

Except for a few cases (fungicides for grapes and fumigants in potatoes,
apples, grapes, and oranges), the number of product areas per acre grown are much
lower in the "West" than in other regions. It is not uncommon for major crops such as
peaches, apples, citrus, and tomatoes to receive 10 to 15 times the level of fungicide

treatments in other regions as that in California. Plant disease levels are much higher
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FIGURE 2

APPLE PESTICIDE USE PER ACRE GROWN"
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FIGURE 3

CHERRY PESTICIDE USE PER ACRE GROWN
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FIGURE 4

GRAPEFRUIT PESTICIDE USE PER ACRE GROWN
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FIGURE 5

GRAPES PESTICIDE USE PER ACRE GROWN
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FIGURE 6

LETTUCE PESTICIDE USE PER ACRE GROWN
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FIGURE 8

ORANGE PESTICIDE USE PER ACRE GROWN
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FIGURE 9
PEACH PESTICIDE USE PER ACRE GROWN
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FIGURE 10
POTATOE PESTICIDE USE PER ACRE GROWN
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FIGURE 11
SUGAR BEET PESTICIDE USE PER ACRE GROWN
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FIGURE 12

TOMATO PESTICIDE USE PER ACRE GROWN
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FIGURE 13
AVERAGE COST PER GROWN AND TREATED ACRE
BY STATE, 1988
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in more humid areas. In some cases mites and insects are also higher in midwest and
eastern regions than in California. The largest acreage vegetables (tomatoes,
potatoes, and lettuce) all have lower insecticide use than do other regions. The crops
with equivalent insecticide use across regions are oranges, cherries, and melons.
Only sugar beets shows a higher use rate for insecticides. California cotton growers
have lower insecticide use rates (in dollars per acre) than most states (Figure 13).
Some crops are more susceptible to certain pest categories than are others.
Figures 14 to 16 show fungicide, fumigant (primarily nematicides), and insecticide
expenditures per dollar of crop revenue. Fungicide expenditures are much higher on
almonds and peaches than on grapes or potatoes. For most vegetable and fruit acres,
only about $.005-$.01 of fungicides are needed per dollar of crop output. In the case of
fumigants, potatoes and sugar beets receive the highest treatments but, even on
these crops, less than $.01 per dollar of output is expended. A typical insecticide
protection program costs about $.01 for tomatoes, grapes, and potatoes and as high as
$.04 for oranges. These expenditures are low, but it does not mean that they can be

easily reduced even more.

III. Trends in Use Levels of Pesticides

The usual assumption by agriculturalists is that pesticide use is increasing
over time. Over the 1950-1980 period, this upward trend in use was driven by new
pesticide discoveries and falling pestiéide prices relative to'labor, machinery, and land.
However, in the past 5 to 10 years, prices of pesticides have risen relative to land and
labor. Energy costs for cultivation also have fallen rélative to herbicide costs. In this
environment pesticide use has been stable or in some cases declining.

Trends in pesticide use over the past 10 years for four major fruit and vegetable
crops are shown in Figures 17 to 20. These data are based on total pesticide

applications (product acres) for the entire United States. They do not correct for the
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FIGURE 14

FUNGICIDE EXPENDITURES
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FIGURE 15

FUMIGANT & GROWTH REGULATOR EXPENDITURES
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FIGURE 16

INSECTICIDE & MITECIDE EXPENDITURES
RELATIVE TO CROP REVENUE
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FIGURE 17
FIGURE 5. APPLE PESTICIDE USE TREND
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FIGURE 18
FIGURE 6. GRAPE PESTICIDE USE TREND
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FIGURE 7. POTATOE PESTICIDE USE TREND
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changes in planted acres. Except for fungicides used on tomatoes (mostly outside of
California), use rates in the late 1980s were equal to or lower than 1979-80 levels.
The pesticide .use is measured in number of applications. However, dosages per
application have declined as well. Many insecticide treatments with synthetic
pyrethroid materials (introduced about 1980) are applied at .1 pound per acre instead
of the .8 to 1.0 pounds for older compounds. The same is true for many of the new
herbicides. Dosages per treatment have not declined as much for fungicides,
fumigants, and plant growth regulators. Though not shown, the trend in cotton

insecticide use in California is very stable at about 2.5 to 3.5 treatments per year since

the 1980s.

IV. Minor Use Pesticides

The development of new pesticide products is slow because of the necessity to
conduct safety as well as pest efficacy studies prior to registration and use. Most
pesticides are first developed for soybean, corn, and cotton pests because costs of
development can be spread over large market sales. After a new product is introduced
on the major crops, it is expanded to other crops if they have similar pests to the major
crops. Many pests on fruit and vegetable crops are different from the major crops so
that product development is slow and in some cases only one or two pesticide\are
effective against particular pests.

Another factor preventing development of pestici&es for fruit and vegetable
crops is the high potential liability loss in cases of worker safety, pesticide drift, or
nonperformance in pest control. Fruit and vegetable crops have high revenues per
acre and high potential levels of damage relative to that for row crops. A
nonperformance loss for a fruit or vegetable pesticide would mean a large ($2,000-
$4,000 per acre) potential liability for a pest infestation that was not controlled. The

potential loss for a wheat insect may only be $10-$20 per acre. In California the close
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proximity of pesticide use to honey bees or another crop susceptible to drift can also.
result in large liability losses. Potential losses such as these will deter pesticide
companies from developing and registering pesticides for minor use crops.

When there are only a few pesticides registered for use, the potential yield and
quality losses from pesticide cancellation can be more drastic. There are fewer
substitute pesticides and, if there is a substitute material, it may be difficult to use,
expensive, and not as effective. Thus, higher percent yield losses from cancellation of
pesticides on fmit and vegetables than on other crops can be expected. The costs
from cancellation of a pesticide may last several years as growers and pest
management advisers devise alternative chemical and nonchemical management

practices.

V. Pest Management in California

California farmers, pest control advisors, extension service workers; and

~ university researchers have been in the forefront of pest management research and

development. Part of the reason crops like cotton, tomatoes, citrus, and other tree
crops receive such low pesticide treatments is the high level of use of advanced
management techniques. Use of pest resistént crop varieties (sugar beets, potatoes,
and alfalfa); release of biological control agents (olives, citrus, and almonds); and use
of pest monitoring in most all crops in California are the envy of researchers and
farmers in all other parts of the world. '

Development of plant growth models, computer models of insect and mite
development especially in cotton, alfalfa, and citrus, have lead to lower insecticide use.
Researchers at the University of California were leaders of a major integrated pest
management consortium during the 1970s. The study of pesticide-resistance
development, along with methods to slow its progress, has also been led by California

researchers.
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The final component of pest management, which is more developed in California
than in other regions, is the use of private pest management advisors. These advisors
who monitor crop and pest status through the year can help farmers apply pesticides
only when the crop loss prevented exceeds the costs of the pesticide application.
Choosing low dosages and the correct pesticide type to preserve natural pest enemies
is a critical function of these advisors. But they also must know application
technology to prevent drift, nonpesticide crop management practices, and other
practices to lower food and water residues. Most pest control advisors are not "count

and spray" managers because they want to maintain farmers as repeat customers.

VI. The Future of Pesticides in California

The dry, fertile valleys of California (San Joaquin, Salinas, Napa, and
Sacramento) are world renown for their high production of fruit and vegetables. The
use levels of pesticides are lower than for producing these crop in most regions of the
United States. Only 4 to 5 cents per dollar of produce is expended on all pesticides in
California. The trend in total pesticide use is stable or slightly lower on a per-acre
basis. Pest management advisors and an active research program have brought new
developments in pest management to California prior to most regions of the world.

However, there are several vulnerable points to the California pest
management practices. The pesticides which are used cannot be easily and rapidly
replaced. The federal pesticide laws require long peﬁods of testing and, in many
cases, there are few pesticide or nonpesticide substitutes for the specialized or "minor
use" products. Secondly, the pesticide-use practices are more interdependent
between species and crops in orchard, vegetable, and vineyard crops than in land-
intensive crops (corn, soybeans, small grains). This occurs because of the low levels
of cultivation, close distances, and low levels :of noncrop refuges. Finally, because of

the high crop values, the potential losses from inadequate pest control can be large
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when unusual pest conditions arise. As an example, the Central Valley provides an
ideal climate for peach, almond, and other fruit production because of low summer
rainfall. However, a minor sprinkle of rainfall can induce fungal rot (brown rot) that
can damage 5 t; 50 percent of the crop in a few days if protective fungicides are not
used. Such rainfalls only occur about once in 10 years. Similar conditions can lead to
large losses in other California crops. It is for these unusual conditions that pesticides

can provide a highly valuable service to farmers and consumers alike.
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CALIFORNIA AGRICULTURE IN TRANSITION
TECHNOLOGICAL RESPONSE TO ENVIRONMENTAL REGULATION

Brian H. Hurd and Richard Howitt

Department of Agricultural Economics
University of California at Davis

I. Introduction

California agriculture has a long history of adapting to changes that have been
stimulated by shifts in technology, products, resources, and markets. We are now
entering an era where environmental constraints on production have to be added to
this list. Currently, it appears that the impact of environmental constraints will be
stronger than all the factors, except markets, in determining the development of
California agriculture in the future. Even if the initiatives on the forthcoming ballot do
not result in changed production conditions, the shift in environmental concern of the
average voter is clear.

The costs of these changes to California agriculture can be summarized as: (1)
the cost of a changed comparative advantage if California adopts different standards of
production unilaterally (this cost could be offset if other states and importers adopt
similar production as opposed to residue standards); and (2) the costs of adjusting to
the new production equilibrium. Given the high proportion of fixed investment in
agricultural production, the costs of adjusting over a short period may be the greater of
the two costs. |

This chapter examines how California agriculture has adjusted to past shifts in
technology and attempts to draw some lessons whether it can adjust to this new

source of production change.
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Innovation in agriculture, as in other industries, is driven both by economic
conditions and institutional factors that influence economic returns. There's a large
demand for technological development. This represents an evolutionary process that
responds to changes in resource value reflected in the relative prices of inputs and in
the restrictions imposed by regulatory authorities. Past examples of technological
change in California agriculture show the creative ability and resiliency of California
farmers, and rural farm workers to adapt to new conditions. For instance, tractors,
tomato harvesters, cotton pickers, chemical fertilizersjand pesticides, irrigation, and
computers have now—as in the past—significantly influenced the state's égriculture.

New technological challenges are confronting agricultural producers in
California. The heightened public outcry concerning both the known and unknown
dangers of many synthetic chemical pesticides requires that agricultural interests
either provide information supporting the reasonable safety of their chemicals or

develop and adopt alternatives.

II. Diffusion or Confusion: Understanding Transition in Agriculture
Industry-based technological change can .be categorized as supply push or
demand pull. Supply-push change is when a new technique or product is spawned by
the advance of basic science in the exploration of the frontiers of knowledge.
Dem:ind-pull technology arises in response to increased scarcity, a response that is
reflected in the saying that "necessity is the mother of invention." In both cases the
rate of adoption of the technology is driven by its value. The recent development of
genetic technologies provides examples of both types of innovation. An example of a
supply-push advance is the bovine somatotropin (BST) which enhances the
production of milk in some cases by as much as 25 percent per cow. To many
producers, taxpayers, and consumers this advance—that is clearly not a response to

any apparent demand to increase dairy efficiency—compounds the stress on an

-63-



industry that is already trying to cope with surplus production. In contrast, the’

research and development of genetically pest-resistant plant varieties are a demand
driven search for ways of decreasing the reliance on costly pesticides. These two
simple examplé-s illustrate how adoption will depend on perceived values. A demand-
pull innovation which arises out of on inherent need or a response to prevailing
economic conditions has a recognized value that immediately affects the acceptance of
the technology and its adoption, whereas innovations without a demand base, even if
they clearly increase efficiency, may be met with less acceptance and adoption may be
slowed by vested political interests threatened by accommodating the innovation.

The introduction of more stringent regulations on agriculture will create an
increased demand for environmentally benign production technologies. How fast will it
take to evolve? And once evolved, how fast will they.be adopted by the industry? The
cost to the industry will depend on the rate and extent of required adjustments.

The process in which potential users are converted into actual users is known
as diffusion. In a pioneering study of the diffusion of technology, Griliches (1957)
studied the percentage of U. S. corn acreage plantg:d with hybrid seed. Griliches found
that over time the penetration of hybrid technology followed the well-known S-shaped
curve (Figure 1a), and the rate of diffusion could easily be estimated by the cumulative
density function of the logistic distribution. Differences in the "ceiling" level of
penetration and the speed of diffusion are attributed to demand factors and the
profitability of shifting varieties. This pattern has been repeatedly shown in study
after study and gives rise to Rogers' (1960) description of innovators, early adopters,
late adopters, and laggards commonly used to describe technological change within an

industry (Figure 1b).
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As for the spread of an infectious disease, the diffusion process is frequently
modeled as an epidemic in which information concerning the profitability of the
innovation is spread by word-of-mouth. At the time of the innovation, few of the
potential users are aware of the benefits of adoption but, as time goes on and as
successful users have contact with potential users, the rate of conversion grows at an
increasing rate. Eventually, as the innovation begins to saturate its potential market,
the likelihood of a current user contacting a potential user begins to fall as the number
of potential users relative to users falls and the diffusion process begins to level off at
some level of saturation (Thirtle and Ruttan, 1987). New technology has a downside;
this is commonly called a "technological treadmill” that can force changes in the
structure and scale of production. New technology may have characteristics that favor
larger or smaller production units. In response to environmental regulations,
alternative pest control technologies, like many agricultural innovations in the past,
may favor larger farm units due to economies of scale associated with management
practices. Producers must continually be mindful of new technologies that serve to

lower prices, and threaten to undermine their profits if they delay adoption.

III. California's Legacy of Innovation: Tractors

In the history of technical innovation in California agriculture, none has had a
more profound impact on rural life than the tractor. Tractors worked faster, freed
farmers from the labor of caring for their horses, and freed acreage from hay and oats.
Just before World War I, a small tractor was introduced and, by 1920, 11 percent of
California farms had a tractor. This number continued to grow to one-third of the
California farms by 1930 and, by 1945, it had risen to 57 percent (Ankli and Olmstead,
1981). Capital constraints, a developed market for custom tractor services, and the
importance of specialized crops with distinctive cost and production characteristics

likely contributed to the slow diffusion of the tractor technology. Unlike future
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entire industry.

innovations, the introduction of tractor technology was met with little opposition
except perhaps from the industry of farriers.

Improvements in tractor technology added to the attraction. Berck (1985)
notes how these improvements, primarily horsepower, worked to lower the costs of
tractor horsepower over a 10-year period. His evidence supports the view that
technical innovation in tractors served to proportionally lower costs of a given
horsepower. The lowering of tractor costs, as well as the introduction of pneumatic
tires and a variety of implements, enhanced the adoption rate and accelerated the
diffusion of the technology. Sensitivity to costs is a strong incentive driving both the
development and the adoption of new technologies but, unlike the tractor, the

development of the tomato harvester required an intense coordinated effort by the

IV. Tomato Harvester -

California has been at the leading edge of many technological innova;_ions;
foremost among them has been the tomato harvester. The coordinated efforts of
industry and University scientists and engineers in developing the mechanical
harvester and a suitable tomato hybrid led to a revolution in the tomato industry. The
innovation required joint adaptation by each segment of the industry. Growers
adapted to new plant varieties and harvesting methods (processors accommodated
these new varieties), and farm laborers were forced to change the type and quantity of
labor. Schmitz and Seckler (1970) estimated ,that farm workers lost 19.5 million man-
hours of labor due to the tomato harvester by 1973.

Diffusion of the harvester technology was swift and certain due to the dramatic
and significant decrease in harvesting costs. The discontinuation of the Bracero

program of imported Mexican labor was an early example of regulation generating a

demand for new technology. The initial reaction of growers without the foresight of




new technology was pessimistic. Tomato growers argued that, "the use of braceros is
absolutely necessary for the survival of the tomato industry. . . . It is the consensus of
opinion among tomato growers that without Mexican National help we would have to
discontinue operations" (California Senate, 1961). Instead of these dire predictions,
tomato mechanization improved California's comparative advantage in tomato
production. Between 1961 and 1987, California tomato acreage increased by
34 percent whereas labor used in harvesting tomatoes dropped by 43 percent (Martin,
1990).

The first 25 harvesters were introduced in 1961. In 1964 there were 75; by
1967, there were 1,000 harvesters in use on 80 percent of the tomato acreage in
California. Competitiveness in agricultural markets can be unforgiving both to late
adopters who are unwilling or unable to adopt and, in this instance, to farm laborers
who are displaced at the hands of technology. Schmitz and Seckler attempted to
estimate the net social returns of the harvester by taking into account the value of the
displaced labor. Depending on the estimated cost savings and the percent of the
displaced wage bill paid in compensation, the net social returns range from -8 percent
to 1,288 percent—suggesting that, with the exception of the most pessimistic
scenario, if those who benefited from the innovation compensated those who were
displaced, society as a whole would have been better off.

As is true for many innovations, the rewards of a technological advance are
unequivocally reaped by consumers who benefit from the fall in food prices and
possibly by the innovators, and early adopters who can profit by the temporarily
increased margin due to the fall in costs. However, producers who are late jumping on
the technological treadmill—either because they lack access to capital markets (or
they face information constraints on the supply and use of the innovation) or because
the innovation is scale sensitive—may find themselves at a competitive disadvantage

that threatens their economic viability. For these producers, with real and binding
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constraints to adoption, technological change may be an unwelcomed advance that -
threatens them with economic dislocation. An example of a technological advance that
has met with a decidedly cool reception is the development of bovine somatotropin

(BST).

V. Bovine Somatotropin

In an ongoing effort to study the acceptance and attiiudes of California dairy
people to the potential introduction of BST, Butler, Carter, and Zepeda (1990) are in
the third year of conducting a survey of over 100 dairy producers. Their results show a 7
consistent need by 60 percent of the producers to increase milk production. In
response to questions concerning their preferences to increasing milk production,
which has shown a declining interest (from 47.4 percent in 1987 to 37.5 percent in
1989), California producers prefer to increase milk production through brgeding
techniquesr, followed by improved feed management, and lastly by adding more cows.

The desire of respondents to use BST has been low but is increasing (from 0 percent

in 1987, 5.6 percent in 1988 and 6.3 percent in 1989). However, when asked whether

they would use BST immediately once it became available, the group which said they
would has dramatically and steadily fallen over the three years (10.6 percent in 1987,
4.3 percent in 1988, and 3.1 percent in 1989) and, during this same period, the group
that said they would not use it at all has increased by 12 percent from 36.5 percent in
1987 to 48.5 percent in 1989. Overriding concerns about negative consumer response
and milk quality were strongly stated by both potential users and nonusers as well as
the concern for the adverse effect on prices that increased production would support.
This research suggests that California producers are sensitive to the market
consequences and inherent risks of new technologies. The potential adoption and
diffusion of BST, if and when it is commercially introduced, appear uncertain since

concerns regarding its health and price effects remain. BST is an example where the




concern about food safety and contaminants is slowing or preventing technological

adoption. The recent concern over "ice minus,” the frost-resistant bacteria

experiments in strawberries, is another example.

VI. Computers

Computer use in agriculture is an example of a technology that is neither crop
or animal specific or activity specific. The adoption and use of micro computers has
enhanced management and record keeping of many agricultural firms in California.
Putler and Zilberman (1988), in a study analyzing the factors influencing computer use
by farmers in Tulare County, showed that the likelihood of computer adoption
increases as farm size increases (but at a decreasing rate) and as education level
increases and is influenced by the age of the operator. Computer adoption did not
appear to be sensitive to the crops and activities of the operation. However, with
respect to software applications that aid in management decisions, livestock
producers appeared more likely to adopt than crop producers, possibly reflecting
inadequate supply of crop models or more discretion and complexity in the response to

changed food and breeding inputs.

VIIL. Irrigation

Advances in the technology of irrigation (i.e., drip irrigation) hold promise to
increase the conservation of an increasingly valuable input. However, the incentives
to embrace this technology are limited by the lack of appropriate pricing signals
reflecting real opportunity costs of water use. Caswell and Zilberman (1985)
investigated the selection of irrigation technologies (sprinkler, drip, and furrow) for
perennial crops grown in California's Central Valley. Their results suggest that
factors such as water source, soil type, and crops grown affect the decision to employ

water-conserving technologies. More recently, the decision to adopt water

conservation technology seems to have been driven more by environmental
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Research on the feasibility, use, and economics of integrated pest management
(IPM) has become wide and varied over the last 20 years. Efforts have primarily
focused on insect pests and ways to interrupt their life cycle and reproductive habits
with much less effort aimed at weed, fungus, and disease problems. In tomatoes the
development of worm sampling methods has formed the foundation of IPM in the
processing tomato industry. An economic analysis of the effects of the tomato IPM
program has been conducted by Antle and Park (1986) who concluded that mean
damage and risk of fruit damage by worms were significantly reduced on program
fields while monitored labor costs increased only slightly. The quantity of pcstiéides
applied (in pounds of active ingredients) were reduced slightly; however, differences in
the quality of materials used caused total pesticide costs to remain equal across
program and nonprogram fields. Ignoring the value of risk reduction, Antle and Park
conclude that growers could equét to increase net returns about $7.10 per acre by
using the IPM methods. The effect of decreasing the risk of worm damage would
unquestionably increase the value of the program to a particular grower depending on
the risk aversion of the grower.

In a related study of the adoptibn of IPM by tomato growers, Grieshop, Zalom,
and Miyao (1988) found that, in spite of the economic evidence supported by Antle
and Park, many growers were reluctant to incorporate the IPM methods into the
production process. In their investigation they considered what factors, in addition to
economic payoff, influence the adogtion decision of a grower. As suggested by Rogers
(1960), they investigated the individual characteristics of growers, the lines of
communication that they have established, and the properties of the innovation that
may affect the diffusion of a technology. Their findings, applied to the growers who
had adopted the IPM program over a five-year period, supports the S-shaped diffusion
curve described earlier in. Figure la. The curve shows an increasing number of

adopters initially, followed by a decreasing number. Beginning with less than five
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growers (from their-sample oft 82) who-had adopted in 1981, the number of growers
who wers using the worm sampling-methods-had grown to 47 (57 percent) by 1936.
Charzcteristics which- appeared to significantly affect adoption rates inciude
landownership, organizational structure- of the enterprise, experience with previous
IPM innovations, and -perception of sk associated with IPM. Sources of information
alse were found to contribute to the adoption of IPM. Adopters were found to tely
more heavily- on contacts-with-pest control-advisors and Cooperaﬁve Extension {famm
advisors,. whereas nonadopters depended more .on friends 'and neighbors for
information. Adttributes: or properties-of-the innovation are also a major category
affecting the adoption decision:- Pereeption of the complexity of employing ¢

methods were- found to differ between udbptcrs and nom\adopters. They *ound
perceptions of benefit-and risk of using IPM were not significantly different et
adopters and nonadopters -and concluded that "much more than economics s ai

as growers -consider these innovations and make their decisions.”

- An example of the-long-run zensfits of [PM technology -adoption for Califorsin
agriculture can be seen-in the produciion of cotton, Californmia’s most valuabie""p%f.-.‘-f
crop: Initially planted: hr the Imperial Valley area of the state as early as the 12205,
cotton- has-grown-to encémpass over 1.2 -million acres of 'the state's agricultural iands.
As recently as 1978,-acreage in the Imperial Valley numbered close to 143,004 acres
prodacing -tremendous- yields with the long growing season that permined ng
preduction of a-second set'of eotton (much iike the second wind of 4 marathon runner;
Yields four-and five times the natiova: per acre yield were common. However,
1988, cotton-acreage-in the-Imperial viilzy was under 12,000 and failing. Finally, b
by a wide ranze of -pesticidé-reststan’ coton insects, Imperial Valley growers <ouid
no longer profitably-yrow the crop wi cest control 2xpenditures rising 1o $300 wnoawre
in-some cases. - The pink vollworr ~ar e primary culprit. 1t was adle 16 (hiive oF

the long-growing season of the coro~ oz mud ded tneir survival, 200 by




spring they returned in greater force. Growing resistance to chemical controls made -

battling the "pinkie" increasingly difficult and, adding to the problem, the use of broad
spectrum pestiqidcs decimated the host of natural pest controls (predatory insects and
parasites) that képt other pest problems in check. Consequently, other pest problems
began to inflict heavy damage on the fields as well, driving the production of cotton in
the Imperial Valley down by 90 percent (Archibald, 1984).

San Joaquin Valley (SJV) growers, witnessing the devastation that the pink
bollworm had brought to their neighbors in Imperial, initiated a series of measures and
restrictions to prevent thé pink bollworm from successfully invading their valley. A
$2.00 per bale assessment has been collected from SJV growers to fund the Cotton
Pest Control Board that has set up an extensive monitoring and control effort aimed at
preventing pink bollworm from establishing itself in the Valley. In addition, by
emphasizing shorter season practices and mandating thorough cleanup of crop
residues after harvest (plow-down restrictions), STV growers have been successful in
avoiding the devastation that affects other growers who face the pink bollworm and
the boll weevil.

Hope is on the horizon for the Imperial Valley cotton growers. With the
introduction of IPM methods and techniques, the possibility of reviving the cotton
industry is promising a recovery. Through the use of shortened growing seasons,
pheromone traps, and with the release of sterile pink bollworm moths, researchers are
optimistic about the recovery of Imperial Valley cotton. In the Coachella Valley an
experimental project has reduced the number of pesticide applications from 414 to zero
in four years (California-Arizona Farm Press, 1990). If these practices can be adopted

on a regional wide scale, the cycle of the pesticide treadmill may be broken.
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IX. Conclusions = = "

There is a history of technological change affecting the structure of ‘agriculture.
The changes have not always been welcomed and somt have brought with them
sigmificant economic dislodation. In earlier instances technological innovation induced
structural changes ‘within the industry. However, the approaching changes in the
regulation &nd ‘use ‘o chdmical technologies divérges frorit iiis pitiern.” We find that
struchiral chiange in the form of input regulation’is a major impétus for technological

adéﬁii:diif:: “From' the structure of chernical pfi'cé"s“'anfd’ii'és'triéii"oﬁ‘to' the formation of

prOduCeTs “wil Increasmgly rCere adoption of ‘nonpesticide LCChnOIO°1€§ HMowever,

rade-offs Between the gains from policles that Thereasé the rite of ddaprion b

distort resourdd allécation”decisions will hdvé'id be contidered Carefully (Miitler 1nd
Tolley, 1980y~ "¢ e

Givén the long history of technologically diven chidnge in California agriculire

and the' adaptauons that it has Tequired, theré is ‘evidenice 16 support an optimistic
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outlook fo the clifrent trahsitional peridd how Fadingd proditers. "THis is not 10 sugges
that tlre” transition” 1o less - Ehetnically intehsivé methidds Will Be’ without séme’
economic distocation, but ad with the dawn’ of the ‘tractor afid the tomato hdariester, it

is dur-opinion that ‘California -agricutuiré will Survive and Sontifiué 1o ‘thrive with'a

lessenzd adverse impacton the welfare of the environment.
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Widespread use of chemical pesticides in agriculture is a relatively recent
phenomenon, dating back only about 40 years to the introduction of synthetic organic
chemicals after World War II. In that span of time, chemical pesticides have become
integral to modern agricultural production. At the same time, they have become
increasingly controversial because of the risks they pose to human health, to the
environment, and, in many cases, to agricultural productivity in the long run. One of
the principal aims of the sustainable agriculture movement, for example, is to effect
drastic reductions in pesticide use.

Economists have produced a sizable literature dealing with pesticide policy in
the broad sense, examining issues ranging from micro-level assessments of
appropriate on-farm use to macro-level assessments of market welfare costs of
registering or canceling registration of specific chemicals. Both micro- and macro-
level studies have made con;ributions to knowledge and to the conduct of policy, but in
both cases those contributions have been limited by the historical agendas and the
institutional constraints within which they have operated.

The micro-level literature dates back to the late 1960s. It emerged as part of

the integrated pest management (IPM) movement, which was itself a response to the
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recogrition ‘of ‘the' séfous  problems caused by pesticides on and off farms popularized
mainly in departments of -agricultural economics and the agricultural experiment
station network and were thus oriented mainly toward farm management issues. As a
result, this literature focused largely on central on-farm operating problems of IPM,
begifining with how to determine economic thresholds for pesticide application and
evaluating- the cost effectiveness of alternative pest management strategies. Later,
they moved ‘on-to broader microeconomic problems such as evaluating market
performance-and the need for public intervention in the presence of factors such as
mobile”-pests; pesiicide resistance, predator-prey interactions, uncertainty, and
behavioral ‘barriers to adoption of [PM methods.

The*macto-1ével literature is more recent, dating back only to the early 1980s.
It ‘arose ‘out of ‘problems encountered by the U. S. Environmental Protection Agency
(EPA)“in the course-of registration and special review of chemical pesticides.
Because ‘Of fhis restrictions EPA places on the role of economic analysis in pesticide
regulafion;’ this iterature “focused on-problems of ‘benefits assessment, including
adjustment for agricultural commodity programs, estimation of market welfare effects
frorm dimitéd entoméfogical and firm budget data, and consideration of distributional
effeéts Gnd fmpacts of MaMpTe cancellations.

" “This chapter briefly reviews the main accomplishments and limitations of these
two strands of ‘Ecotiomic- ifivestigation of pesticide use.” We do not intend to be
thorough i8t Survey §fthe literature. Rather, our goal is to examine the strengths
and ‘weaknésses “of ‘é¢ofiofitists' contribvsions to the policy process overall and to
identify key aréds néeding-further inve :-ion. In particular, we focus on some new
approachés to"iitégrating’ the ‘micro- a-~ ~1cro-level approaches with each other and

with the Work of ‘ertomologists, toxice' ~--13, and other scientists into what we term



integrated management models for assessing pesticide policies. We argue that this

interdisciplinary approach is the most productive for additional research.

I. Micro-Level Studies of On-Farm Pesticide Use

When pesticides were first introduced, they were believed to be "magic
bullets" that could be used to eradicate disease and create completely sanitary, pest-
free conditions in agriculture without risk of adverse effects. By the late 1950s these
illusions were rudely dispelled by the recognition that pesticides could wreak havoc on
wildlife, notably predatory birds. In addition, by the mid-1960s, it became evident that
pesticide use was creating serious problems on farm as well. Suppression of
invertebrate predator and competitor populations by broad-spectrum insecticides
created target pest resurgence problems and led to a spiral of ever—increasing
application rates and frequencies. Pest populations began to exhibit resistance to
heavily used chemicals like DDT. In some cases, farmers achieved adequate control
over a target pest only to find that its niche was taken over by a pest less susceptible
to control.

In response, entomologists began to fashion what came to be known as IPM
strategies. IPM advocated an ecosystem approach to pest control in which chemicals
were considered one tool among many in manipulating crop ecosystem conditions to
reduce pest damage and enhance harvested yield. Central to the IPM effort were
(1) collecting information about key éomponents of the ci‘op ecosystem such as pest
population sizes, predator population sizes, weather conditions, time of year, etc.;
(2) projecting crop losses on the basis of that information; and (3) deriving flexible
pesticide use recommendations to replace the rigid application schedules typically
used. The goal was to reduce chemical applications to the lowest reasonable level
and, thus, reduce the scope of the on- and off-farm problems associated with pesticide

use.
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The first'economic studies of-pesticide-use.were part:and parcel-of the-effort to
fashion -and promote: [IPM. :The economists involved—I.: Cr-Headley, Richard
Norgaard, Uri Regev,.Darwin ‘Hall,: Gerald:-Carlson, Hovav :Talpaz; :and Darrell-
Hueth—were all located in.departments: of <agricultural-economics:‘and worked ‘tlosely-
with-entomologists in.the context of the agricultural experiment statior network. ‘As:a.
result; their: research was -very.much micro-level, farm-management oriented.. -

: . The first task undertaken was that of devising flexible- schedules for efficient
pesticide use.-Before IPM;-and.even today, farmers typically followed rigid ‘application
schedules, -applying a fixed dosage at fixed.intervals- without regard -of .the actual
conditions- prevailing in:the: field. Headley (1968) combined::simple entomological
models:of exponentialinsect pest population growth-and-damage: per-insect with the.
familiar profit::maximization -model. of: economics.to .derive:.an-optimal pesticide
application- rate::and desired pest. population level: givem: a single-known time of
application, showing :that eradication :of :the.pest-was not economically:advantageous.
Hall and -Norgaard (1973) generatized Headley's model by endogenizing the time of
application: and-were: thusicabletorderive: the :ecanomic -threshold, that-is; the: pest
population level: triggering the :need-ta-apply insecticidespooTalpazeand Borosh (1974)
generaiized:thisunodet furtheéf by :allowing muitiple-pesticide:applications, :icns tor

iz 37A closely-relatédstask which ecanomists undertookewas thattef ;evaluatingxand‘
promoting IPM:strategiesn dn :this task: they workedncloselylwitlprextension sservice:
personnel-—economists, siamtomologists, :plant ..pathologists;oragronomists,.
horticutturists;rand lagricuitural “engineers. - - Initial:effortsrfacused:cam scouting.:
Lawrance and>Angus of1974)ncompared. the “standardischémicatrcantrol:strategy -for.
cotton: in Arizona with én IPM strategy involving scouting and reduced chemical use.
They found :that ytelds:under the two strategies did.not differ:significantlyc but-that-
costs iwere: {oaver _undemhe. IPM:program. Hall (1977)<analyzedathe. profitability. of.

simildaralternativesoforicotton in the San Joaquin. Valley;: California:: ‘He found :that
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yields and costs under the two were quite similar because the cost of hiring
professional scouts balanced the savings from reduced chemical purchases. Using
data from a California mosquito abatement district, Lichtenberg (1987) examined the
impact of using biological controls on chemical use for controlling rice field mosquito
populations. He found that full use of the biological control allowed reduction in
chemical applications of over 75 percent and that full use of the biological control was
cost efficient even at the current high cost of the predatory fish used.

More recently, crop ecosystem simulation models have proven to be a powerful
tool for projecting the impacts of a wide variety of alternative pest management
strategies. There have been numerous studies using biological simulation models to
evaluate sets of alternative pest management strategies for various crops and
growing conditions. Examples include: Reichelderfer and Bender, 1979 (comparison
of biological and chemical control methods for Mexican bean beetles); Zavaleta and
Ruesink, 1980 (comparison of resistant alfalfa strains and chemical use for control of
alfalfa weevil); Lazarus and Dixon, 1984 (comparison of crop rotation and chemical
methods for control of corn rootworm in the Corn Belt); Lazarus and Swanson, 1983
(comparison of crop rotation and chemical methods for control of corn rootworm in the
Corn Belt under uncertainty); Zacharias and Grube, 1986 (comparison of crop rotation
and chemical methods for control of corn rootworm and soybean cyst nematode on
Illinois farms); and Harper and Zilberman, 1989 (comparison of shortened growing
seasons and chemical methods for control of pink bollworm on cotton in the Imperial
Valley, California).

As time passed, economists began to examine pesticide policy at the micro-
level more broadly, looking at questions using the traditional tools of microeconomic
theory, in particular, theories of market failure. They began with issues arising from
pest population dynamics,.'beginning with the phenomenon of resistance. As is well

known, application -of pesticides can be viewed as a form of selective pressure that
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promotes the spread.of resistant straips, in.a pest, population, leading to dechmng
effectiveness of the pesticide. Hueth and Regev (1974) argued that susceptibility to
pesticides should be treated as:an. exhaustible resource, They showed k_that,__r,qs,is;gncer_
implied that the economie threshald should change from. year o year, Regev, Shalit

and Gutierrez (1983) showed that optimal pesticide use in the presence of resistance
would be less than the myopic.level that failed to take resistance into account and that
it might be optimal to rotate chemicals with different modes, of action a5  means of
delaying the spread of esisance. Usinga,crop ecosystem simulation model focusing
on the alfalfa weqvil, -they found, hqwcvexf,,_thfcl_‘t‘ t@g difference between -optimal and
myopic pesticide | use WaS MOL VETY GTeat: . . " ounies - warac

T S e S R e

A second factor, considered was pest mobility. When pests are mobile,

infestation is a regional _pggb_lgm and cannot be d;qlt,vaLh,gfﬂc;;ptly at the farm_level.

either volup@;y__glr\_bmrgygh, government }_ntng\/_entlop. ’J{g tﬁhp__} U_Ifl},t@d ASta_,t__es, pest
control districts. p.rov1wuggh 3, vehicle for, collthn(e action. . They havc becn used m

such contexts. as.eradigatipn programs. for, the | boll, we_evxl g}u otton in the. sputhem

T il 4o

b
United States,. usmg asm;:%d gawing season tg control pdnic bbfg\l worm on cotton in
the Imperial, Valley, Califarnia, and. dissemination of introdyced predatory wasps on

v UL L

citrus in Cahforma a sk 2ssessmen: miocsl 9f 1cule OrganopiOSTAAE OISO

A third factor consi ggfi,was -predatos-prey wt?raq;up,ns F;der a)nd Regev
(1975) undertook. a.theoretical comparison of ,opthaLand.myoplc. peSt_lcld_e,uSC ‘when

these interactions.are important.. They showed that RCSIICldC use is excessive when

-83-




other biological interactions, such as secondary pests and their predators, affect the

use of pesticides and other inputs as well.

Economists also began to examine behavioral factors affecting pest
management practices, primarily uncertainty about infestation levels and damage.
Carlson (1970) used a Bayesian approach to derive optimal fungicide use patterns for
brown-rot control on peaches. He showed that the chemical chosen and the number of
applications should depend on observable factors such as fruit maturity, predicted
rainfall, and spore density. Using an expected utility approach, Feder (1979) showed
that an increase in pure uncertainty about infestation levels, damage per pest, or the
effectiveness of the pesticide will reduce the economic threshold and increase the
number of pesticide applications and volume of pesticides applied.

Risk was also examined as a potential disincentive for IPM adoption. IPM is
beliévcd to be more risky than chemical controls because it is less familiar and
because the effectiveness of nonchemical controls varies more than that of chemical
controls. As a result, one would expect risk-averse farmers to rely more on chcmicél
controls and be less prone to adopt IPM. This argument has led some to suggest that
crop insurance subsidies could be used to induce farmers to adopt IPM or at least to
reduce the total volume of pesticides applied (see, for example, Carlson and Main,
1976; Norgaard, 1976). Empiﬁcal evidence regarding the impact of risk aversion on
chemical use and IPM adoption is, however, extremely scanty. As far as crop
insurance is concerned, a simulation study by Miranowski, Ernst, and Cummings
(1974) found that extremely large. subsidies would be required to induce any real
changes in pesticide use and that improved information about pest population sizes
would reduce chemical usage more than insurance subsidies.

Low human capital has also been cited as a key obstacle to IPM adoption.
IPM requires an extremely sophisticated approach to crop production as management

of aAcomplex crop ecosystem. Farmers with little skill and a low educational level may
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be: unable-to cope ‘with-the informatian: processing meeded for:successful:IPM. P,ingali'
and Carlson (1985), for example, found.that: North Carolina apple growers with less
education and experience made greater:errors in estimatingnpest-infestation-levels
and,-as a consequence, relied more on chemical controls and less on cultural controls
than they should-have.. ~ = =7~ 7n aave es OIS -

"...~ The informational ‘requirements:of :successful: IPM: programs have led, ‘as one
might . expect, to: the: emergence  of - professional :pest: control: consultants. - The
economics:of marketing:professional pest:management: services have been: studied.
only::scantily.”:*Carlson (1980): presents evidence:that:'publicly rprovided :pest
informationtt_endé to’!'crowd ‘out".private :pest management:consultants. Tsur's (1983)
dissertation: found that cotton:-growers ‘in: California: with=smaller operations or less
cducaﬁorr:were more likely to hire pest: manégementtcon’sulmnt&‘i‘Ov‘erall, however,

the determinants “of .the-decision to hire :a professioral :consultant: deserve further

. study. -One might expect growers with very:low or-very highhuman capital to tend not

to"use’ private -consultants.~ Those with: low-humancapital - would not recognize the
advantages of IPM, while:those: with: high.humanccapital would: be:able to formulate an-
adequate IPM program-by themselves. . It wouldsalsoseem likely:that.large operators
would hire:their own.specialists-rather than private: consultants, while small operators
would:be unable:to: affordoprivate: consultantss:CThus, onen might-hypothésize -that
growers" with averageitruman  capital :and ‘medium=siz& operations would have the.
greatest: demand: for privaterpest-control Tonsultaneservideswanie mse sandanis oL

o+ “Ini-studyingtpesticidesy economists havecfocused cony démand-side: issues,-
largely-ignoring:the . supplyuof.pesticides. - Yet; the phenonehonrof resistance and:the:
fact-that the types:of pesticides available clearly ‘influence the’ types of: IPM programs:
that are feastble:suggest that:the:pace and scope‘of ressarcknd-development (R&D).
of new: chemicals:are extremely important. To date, little has been done in this area.

Carlson (1989) has noted that research conducted by pesticide manufacturers tends to
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have a "large crop" orientation, focusing on chemicals with large potential demand.
Sarhan et al. (1981) looked at this issue empirically by estimating the profitability of
developing narrow-spectrum mosquito larvicides. They found that development of
narrow-spectrum chemicals was likely to be unprofitable for mosquito control and
recommended "orphan pesticide” legislation to correct the problem. Further studies
applying the techniques and findings of the large literature on R&D to pesticide
issues, however, have not been performed. Among the questions deserving
investigation are (1) the appropriate pace of R&D given the spread of resistance to
any given chemical; (2) appropriate spectrum of a pesticide, given predator-prey and
other biological interactidns; (3) impacts of chemical industry market structure on the
pace and scope of pesticide R&D; and (4) the role of public policy. Initial efforts to
apply genetic engineering techniques to pesticides have raised numerous related
questions, a case in point being Monsanto's attempts to introduce resistance to a
proprietary herbicide into tomatoes and other crops that currently use herbicides very

little.

II. Macro-Level Studies of Market Welfare Effects

The IPM movement, and the economists associated with it, had little interest
in macro-level studies. Because of its entomological base, the IPM movement
focused on ecological phenomena for which farm-level or regional analysis was
relevant. Analysis of the society-wide effects of the diffﬁsion of IPM or of policies
limiting pesticide use were largely ignored.

There were a few exceptions. Headley (1968) used state-level data on
production of major crops and expenditures on pesticides and other inputs in 1963 to
estimate the marginal productivity of pesticides. He found that the marginal value
product of pesticides exceeded their marginal cost by a factor of 4 and concluded on

that basis that, from a farm productivity point of view, pesticides were actually being



i RifiTZed. STICHEnGEY MR Zitbetthah (19%6a) (i} APRREES AL thisCand Simnilar
economettic- Hndimas’ of 'undetutilization 6f pesticide 'dse-were - suspect ‘on

ﬁ‘ié‘t’hodologica_l_grounds. They pointed out that the Cobb-Douglas functional form

hmxted bX potentxal ryteld An empmcal study of . North Carolina apple orchards by

AAAAA

v o se Q0 ST 2I00 027yt

Babcock Llchtenbergﬂand Ztlberman (1988) conﬁrmed thelr suggesnon that Cobb-

\Js.\,u.... DUty ol Il Lo Tallle oo

Douglas estlmates of pestlclde produggvuy eXSeE d by)a< large. margm estlmates

.......... O
CesitaTRid W H SWsIigm JRRPEGS S ine 51

denved from more reasonable functional forms. £p R
sl literdiure Jomes orimaruy from ne needs of EPA's Office of

The imgetus for macro- 1 vel economxc stpdxes Q§ Restw es came, from an

0 2stimate oeheltits ar xCUU R.E C:b 1icides und mL: B enl<
in nal change. ici
institutional change, When EPA was created, responsibility, for regulating pesticides

was transferred to it from the U. S ep ent of Agpcultur (USDA) At about the

SEUICing DOstCides nave nguegme \IP”" 1passiig

same tlme, a rewnte of 5hey§ede‘ral Insectlcxdes Fung}xcxde\, an&i Rodentlmde Act
IToMm rEnidudzs TOOas 1 { o glic fi (O34 .

(FIFRA) the prmc I_gal statute govermng pesucxde regulauon transformed it from a

SMeti il Loyt aroduciiviey, © one curhhicnoons arSe e

UL livi: S SENNY VoLl

law concemed w1th ensunng Eroduct efflcacy to_one concemed w1th balancmg
<OITEsponaindly. (iclf2asingly ToMmpickX. AS 4 [SSull. ¢ LOHLSITN

a icultural productivity a 1nst d ma the env1ronment and human heal
gn nd\.r Su Puv.. (Y rg :“%?' a g"c\\s%b htl(.l";’l oO 1b»'”h NCTy Toauiie Asa th

Shortly thereafter, EPA b%g]an canqelm thﬁ\re%stratlons of the most harmful known
$ing {ntegrited rhanagement model {0 GCCOUNC these nroud taniiwdiic

el i

pestlcldes be&mmré% w1th DQT; in 1976 and continuing. through the remamder of the

ne scle 1C si he questions Or greatestrint DU 4 sC

chlormated hydro arbons ldnn dteldrm, lp ane, egtachlor chlordane) in the late
W Nave 0 Wit e Intéractions veen’ macro- and thicro-ic

19705 and earl¥ 1980s.

~1fT neantn sk “outComes versus productivity, ind the like. 1.e.. «hich -2guice

Under F fti id t pass k- ben fit balan _test to be

iniegraed modelIFto s’tu%yp ochs?tnmelrllst P32 L.SL dev oom aianeing xrztegr;;g.i

. efi it must outweigh the. risks it h

SEISIRrS ke, S PoREEHS OF uaing, it. must outweieh. therisks, it poses, to, the

environment and human Pealth e procedure used by EPA runs as follows. The
. make in improving policy and tor cirnflic inter

manufacturers of any unregistered new chemical or any old chemical needing re-
registration is required to contract for a battery of environmental fate and acute and

chronic toxicity tests conforming to specific protocols. The data from these tests are

‘then provided to EPA, whose scientists use them to construct human health and
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the chemical. If the estimated risks are nonnegligible, EPA goes on to éstimatc the
benefits of using the pesticide. The first stage of this benefits assessment is a
"biological analysis" performed by entomologists, plant pathologists, agronomists, and
other crop scientists. The biological assessment consists of a review of the pest-crop
complexes treated with the pesticide, identification chemical and nonchemical
alternatives, and estimation of differences in yields and treatment costs associated
with these alternatives and their likely extent of use. The biological assessment is
then fed as raw material to EPA's economists who are charged with estimating
benefits. The estimated benefits are then used in a risk-benefit balancing procedure.

The use of economics in EPA's regulatory process is actually even more
restricted than this description might indicate. Pesticides that are shown to have
relatively high risks, e.g., likely or probable human carcinogens with reasonable
exposures, will not be registered (or, if they are currently in use, will have their
registrations canceled), regardless of the benefits. The economic analysis will be
used solely to decide the pace and timing of their withdrawal from the market.

To estimate the benefits of using a pesticide or, put another way, the market

. welfare costs of disallowing its use, EPA has relied primarily on accounting methods.

The data typically provided are estimates of the changes in per acre costs and yields
associated with alternative treatment methods and of the extent to which each
alternative is likely to be used. EPA's analysts have generally relied on what is
known as partial budgeting. This approach estimates welfare costs first by adding the
cost increases and yield losses (valued at the current price) associated with each
alternative, multiplying by the acreage expected to be treated with each alternative,
and then summing up overall alternatives to obtain a total cost figure.

Partial budgeting has some significant advantages. It requires information on
changes in costs and yields and on current or likely prices, the kinds of data usually

provided by entomologists and other crop -scientists about the impacts of cancellation.
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It also offers considerable flexibility in treating reéional heterogeneity in those impacts‘
and identifying differences in impacts on growers in different areas, which is important
because specific pest problems may vary considerably even within recognized crop
areas.

On the negative side, partial budgeting ignores demand and the possibility of
price changes. It thus ignores potential losses transferred to consumers and potential
gains obtained by growers not currently using the chemical under threat of cancellation
and overestimates losses suffered by growers currently using the chemical. These
shortcomings were criticized heavily in a National Academy of Sciences (1980) report,
and EPA was urged to abandon partial budgeting and substitute standard welfare
economic methods in their place.

One alternative is to use econometric supply and demand models to predict
changes in prices and quantities and estimate impacts on consumer and producer
welfare. A good example of this is TECHSIM, a regionally disaggregated econometric
simulation model of the major crop and livestock sectors developed by Collins and
Taylor (19 ) that is cwble/.yof using cost and yield change data. Unfortunately,
development of such econometric models is feasible only for major crops. Moreover,
models like this are not flexible enough to allow disaggregated analysis of pest
problems affecting subregions, for example, weed problems affecting only part of the
Corn Belt.

A second alternative is to employ marginal analysis to calculate first-order
approximations of changes in price, quantity, and consumer and producer welfare. This
approach requires assuming (1) a market-clearing system in which growers equate
marginal cost and price and consumers' demand and price and (2) changes in marginal
cost equal changes in averége cost per unit of output. Given data on equilibrium price
and quantities and elasticities of supply and demand, one can solve the differential of

the system for changes in price and quantity. These changes in price and quantities
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can then be used to obtain first-order approximations of changes in the income of
consumers and nonusers of the chemical. The impact on users of the chemical can
then be derived under the additional assumption that cancellation results in a parallel
shift in supply. .-Lichtenberg, Parker, and Zilberman (1988) proposed this approach and
demonstrated its applicability to pesticide regulation problems in case studies of
several tree crops. They also showed that partial budgeting significantly
overestimated both the total social costs of cancellation and the losses incurred by
current users of the pesticide.

Investigations of macro-level effects of pesticide policy have raised several
major issues. The first is that of heterogeneity. The impacts of canceling a pesticide
will vary substantially from place to place because pest problems do. Thus, one of the
principal effects of pesticide policy will be to redis_njibutc income among producers.
Studies by Lichtenberg, Parker, and Zilberman (1988) on tree crops; Osteen and
Kuchler (1987) on major grain crops; and Lichtenberg, Zilberman, and Harper (1988)
, on cotton showed that the dominant effect of canccling a pesticide on those crops was
to shift production regionally and thus redistribute income among farmers. These
results imply that, to be useful in pesticide regulation, a methodology for estimating
benefits must be able to generate estimates of the distribution of gains and losses,
especially among growers.

A further finding of these studies was that the total market welfare cost of
canceling a pesticide tends to be negligible—precisely because cancellation has such
strong redistributive effects. This suggests that any single chemical contributes
relatively little to agricultural productivity. The same inference cannot be drawn,
however, for large classes of chemicals. For example, Osteen and Kuchler found that,
while canceling any single pesticide had a negligible effect on the major grain crops,

canceling a whole class reduced agricultural productivity and income significantly.
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A second issue is the impact of agricultural subsidies. In the United States,

government programs such as price supports, deficiency payments, and set-asides

exert considerable influence on the markets for major crops, as do marketing orders on v

many fruit and vegetable crops. Lichtenberg and Zilberman (1986b) argued that EPA
should consider these programs as a predetermined feature of the market environment

and should thus estirr&te! market welfare costs conditional on their existence. From

the viewpoint of pesticide regulation, reductions in deadweight losses from

(€4, cof-ax 140, ﬁ\cz)' p,,»:u:,«f‘ avir p)'«/‘:;/

overproduction caused by such subsidy programs count as_social benefits and thus
serve to reduce the social costs of canceling a pesticide. Analyzing a simple
deficiency payment scheme without set-asides, they showed that standard market

welfare cost estimates, that is, estimates made under an assumption of competitive

market clearing, overstate the true costs by as much as 50 percent for some major |

crops. The magnitude of the distortions involved suggest that refining this approach to
incorporate other features of agricultural commodity programs such as price sxfpports
and set-asides is well worthwhile.

The macro-level literature has largely ignored a number of other key féctors,
especially those that arise in the context of specialty crops. One is product quality.
As Pimentel and Pimentel (1980) have pointed out, one of the main motivations for the
use of some pesticides is to prevent cosmetic damage to fruits and vegetables,
allowing a greater fraction of the crop to be sold as high quality produce at premium
prices. A micro-level study of North Carolina apple production by Babcock,
Lichtenberg, and Zilberman (1988) showed that maintaining product quality accounted
for about @Mg{ggt’igal fungicide applications. Further study in this area is
needed.

Another weakness is a concentration on productivity issues to the exclusion of
all other uses of pcsticidés. One major use of fungicides, for example, is to increase

—

the storability of commodities by controlling rots and molds; increased storage life was
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also a major motivation for the use of alar. A recent study by Lichtenberg and
Zilberman (1990) examined the impact of changing the cost or effectiveness of
fungicides used on commodities that are stored for future sale, like apples or grains.
They show thai_ altering storability is akin to changing the term structure of interest
rates and results in changes in storage strategies and temporal patterns of
consumption, for example, reductions in late-season consumption of apples and
pher the cormedTen are cheager
increases in harvesttime consumption. When this occurs, it becomes possible that the
income of consumers of the commodity may increase, i.e., that the welfare gain from
increased consumption in some periods may outweigh the welfare loss from decreased
consumption in others. This suggests that there may exist situations in which
consumers have everything to gain from further restrictions on pesticide use and
nothing to lose. A further implication is that restrictions on pesticide use will make
price stabilization policy more costly, a policy conflict that deserves some scrutiny.
Pesticide use may also be motivated by seasonality. For example, one reason
for pesticide use may be to permit production of a crop in an area where harvest takes
place exceptionally early or exceptionally late, so that growers can take advantage of

the high prices owing to short supply. This kind of effect is not easily modeled as a

simple shift in yield or quality and deserves further study.

III. Integrated Management Models |

We have seen that micro- and macro-level investigations of the economics of
pesticides developed quite differently because of the needs to which they were
responding and because of the institutional contexts in which they were working. One
negative consequence of this course of development is that economists have neglected
the topic of micro-macro linkages. This oversight has become problematic. Over the
years, IPM projects have developed farm-level data bases for a number of important

crops in key production regions across the United States. These data bases can
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provide valuable micro-level information about pesticide productivity. and.the
productivity of no-chemical alternatives that can be brought to bear in benefits
assessments. At present, EPA analysts are dependent on expert opinion for
estimates of cost and yield effects of alternative chemical and nonchemical controls.
At a minimum, this farm-level information can be used to validate expert opinion. At a
maximum, it can be used to obtain more precise estimates of productivity impacts than
experts can provide. However, to be useful in pesticide regulation, this farm-level
information must be translated into aggregate impact terms. Thus, a key research
need is developing models for linking micro- and macro-level impacts, i.e., translating
changes in marginal productivity at the farm level into changes in marginal cost at the
regional or national level.

Modeling micro-macro linkages is also important because it may offer inSights
into likely effects of regulatory policy on pest management strategies and, therefore,
on risks posed to wildlife and/or human health. Take the example of feehtry
regulation. EPA sets reentry intervals, i.e., the length of time after pesticide
application during which workers cannot reenter treated fields, to reduce the risk of
acute pesticide poisoning to an acceptable level. (It sets preharvest intervals, the
earliest time after pesticide application that a crop can be harvested, to keep health
risks from residues on food to an acceptable level.) Lichtenberg, Spear, and Ziibcx_man
(1989) study reentry regulation using-a model that combined a crop ecology model of
crop growth and pesticide population dynamics, an economic model of optimal
pesticide use, and a risk assessment model of acute organophosphate poisoning as a
function of the length of the reentry interval. The structure of the crop ecblogy model
implied that growers should apply fixed amounts of pesticides. Analysis of the
economic-ecologic model showed that reentry regulation may induce farmers to adopt
a preventive strategy for pesticide application even for observable pests becahse of

the rigidity it introduces into treatment scheduling. This result suggests that EPA
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should assess benefits using models that endogenize growers' reactions to possible

regulatory actions. Such models must be constructed via cooperative interdisciplinary
efforts between .economists who supply the behavioral and regulatory framework and
crop sciéntists who supply a framework for capturing the key biological dynamics.
Such an approach can also produce insights into risk estimation. Olson (1990)
presents a Bayesian model of optimal toxicity screening. Applying the model to
pesticide regulation using standard estimates of the value of lifesaving, he shows that
mutagenicity tests are suboptimal for chronic toxicity testing under a policy where only
a single test is allowed. Lichtenberg (forthcoming) critiques current practices for
producing "conservative" risk assessments because of the unintended biases they
create. He discusses three types of problems: (1) risk estimates that are
noncomparable, ruling out the application of cost effectiveness or cost-benefit
anal.ysis; (2) arbitrary imposition of functional forms that alter the optimal timing of
regulatory restrictions; and (3) ignoring potential reductions in uncertainty, leading to
underutilization of policies like monitoring in favor of usage restrictions. |
More broadly, interdisciplinary modeling efforts that incorporate risk analysts,
as well as economists and crop scientists, can be used to illuminate the full range of
trade-offs involved in making pesticide regulatory decisions. The types of regulatory
options currently considered are quite limited, largely because risk estimation and
entomological assessments are made independently and are drawn into analysis of
risk-benefit trade-offs only ex post. This narrow vision can be overcome by
establishing a unified, interdisciplinary process led by analysts focusing on assessing
the trade-offs between agricultural productivity and the safety of humans, wildlife, and
ecological systems, that is, the costs of achieving any set of environmental goals
through pesticide regulation. Such an approach has several further advantages. It
provides more comprehensive estimates of risk-benefit trade-offs than EPA currently

obtains. It permits economics to be brought to bear without the distraction of
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arguments about the validity of monetary valuation of environmental amenities such
as wildlife and human safety. Also, estimates of marginal cost derived from such
analyses can be used to assess consistency across regulations and thus to improve

overall regulatory performance.

Lichtenberg and Zilberman (1988) have developed a methodology for building
such trade-off assessments. Noting that current risk assessment methods provide

estimates of human health or wildlife impacts that are subject to a great deal of

- uncertainty and that regulators and the general public are quite sensitive to that

uncertainty, they argued that safety rules provide an attractive, practical way of
incorporating uncertainty into trade-off assessments. They begin with a probabilistic
risk assessment, i.e., a model that treats the incidence of an adverse health or
environmental effect as a random variable and estimates its probability distribution.
They then posit as a decision criterion that the goal of regulation is to minimize the
cost of keeping the probability that the incidence exceeds some predetermined
acceptable risk level below a given frequency. Formally, let r(x) be the measure of
risk as a function of policy variables x. Let rq be the acceptable risk level and 1 - o be
the maximum allowable frequency with which risk exceeds the acceptable level so that
«a is the margin of safety with which the allowable risk standard is met. Let C(x) be
the total social cost of adopting the policy vector x. Then the social optimization
problem is to minimize C(x) subject to the constraint that Pr{r(x) >rg} <1 - c.
Solving this optimization problem over the full range of allowable risk standards r( and
substituting the optimal policy vector into the cost function yields an uncertainty-
adjusted cost curve, or trade-off curve. Following such a procedure over the range of
reasonable margins of safety yields a family of such cost curves which can be used to
estimate the trade-offs between enhanced human safety/environmental quality and

other social goals.



This approach can be viewed as an extension of the Baumol and Oates (1974)

stan'dards-and-chargcs' approach to cases where there. is uncertainty about
environmental .pollution. It can also be viewed as an expression of preferences
characterized by disaster avoidance, which are often ascribed to politicians and
government agencies. Moreover, because it takes a classical statistical approach to
uncertainty (it essentially relies on confidence limits), it is more amenable for working
with natural resources scientists, for whom Bayesian methods like expected utility are
an anathema.

The margin of safety o expresses the decision maker's level of aversion to
uncertainty, that is, his or her willingness to tolerate violations of the allowable risk
standard. Greater aversion to uncertainty can be expressed by a higher margin of
safety. Thé incremental cost of meeting a higher margin of safety can be viewed as an
uncertainty premium, akin to the risk premium of the standard economic literature on
decision making under uncertainty.

The (absolute value of the) slope of the uncertainty-adjusted cost curve for any
given margin of safety gives the marginal cost of risk reduction, again adjusted for
uncertainty. It decreases as the margin of safety rises, so that greater aversion to
uncertainty implies more stringent risk-reduction policies. It can be used to compare
policy decisions for consistency and suggest more efficient ways of enhancing overall
safety.

Lichtenberg, Zilberman, and Bogen (1989) applied this methodology in an
empirical examination of excess cancer risk from contamination of drinking well water
in California by the nematicide, 1,2-dibromo-3-chloropropane (DBCP). They
estimated uncertainty premiums ranging from 20 percent to 30 percent of the total cost
of meeting alternative standards for DBCP in drinking water, which implies that
greater precision in estimafing risk has substantial value. The marginal cost of risk

reduction under a 99 percent margin of safety was as much as 35 percent lower than
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the marginal cost of reducing risk on average, which implies that the degree of
aversion to uncertainty exhibited by regulators has a substantial effect on policy

choice.

IV. Concluding Remarks

Pesticide economics has developed largely in response to the problems facing
specific institutions. The micro-level literature comes primarily from the need of the
land-grant university system to formulate and promote IPM strategies. The macro-
level literature comes primarily from the needs of EPA's Officé of Pesticide Programs
to estimate benefits for regulating pesticides under FIFRA. Meeting these needs
remains an important task for economists. However, in recent years policy concerns
regarding pesticides have become increasingly broad, encompassing issues ranging
from residues on foods to protection of endangeréd species and other wildlife to
cosmetic uses to productivity. The ramifications of pesticide policy decisions are,
correspondingly, increasingly complex. As a result, the narrower concerns of the past
no longer suffice. More and more, the issues facing policymakers require analysis
using integrated management models that take into account these broad ramifications.
On the scientific side, many of the questions of greatest interest from a scholarly point
of view have to do With the interactions between macro- and micro-level concerns,
with health risk outcomes versus productivity, and the like, i.e., which require
integrated models to study. To us, then, it seems that development of such integrated
models is the key task facing the discipline—both for the contribution that economists

can make in improving policy and for scientific interest.
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