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Executive Summary

Annual Economic Benefits
of Pyrethroids by County
(In Millions)

The Environmental Protection Agency (EPA) has
prepared preliminary ecological risk assessments (PRA)
for pyrethroid insecticides. The screening-level PRA
predicted many LOC exceedances for agricultural
uses. Regulations restricting or banning pyrethroid
use in agricultural production at the state or federal
level would limit pest management options and create
uncertain—and potentially significant—economic costs
to growers, ancillary industries, and rural economies. This
analysis establishes the economic benefits of pyrethroid
insecticides for select California specialty crops.
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The economic analysis includes a review of public data, a
survey of Pest Control Advisers, farm advisers, growers,
and other industry experts, and a concurrent literature
review to establish the potential economic outcome
of a pyrethroid insecticide ban. The economic analysis
considers the avoided cost of alternative insecticides, crop
yield losses, and crop quality losses. Economic benefits
are quantified in a series of crop production budgets that
characterize net farm income for each representative crop
with and without pyrethroid insecticides.
The analysis finds that pyrethroid insecticides are an important tool in the pest management arsenal for
many economically important specialty crops. The crops analyzed in this study represent 56% ($25 billion) of
California’s $46 billion farm-gate value agricultural sector. The avoided cost, yield loss, and crop quality costs
of a pyrethroid insecticide ban across the crops analyzed in this study equal $1.6 billion annually, or $563 per
acre.
Pyrethroid benefits vary with pest pressure over time and across regions in California. Tree nuts, berries, and
leafy greens have the highest share of total benefits, reflecting a mix of high benefits per acre (e.g. berries
and leafy greens) and moderate per acre benefits spread over significant acreage (e.g. tree nuts). Pyrethroid
benefits across all crops analyzed in this study have been increasing in recent years, driven by strong market
conditions and expanding acreage.

Economic beneﬁts ($ millions)

Total statewide economic benefits of pyrethroid insecticides for selected specialty
crop categories, 2005 - 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Leafy green vegetables: head lettuce, leaf
lettuce, romaine lettuce, spinach, cabbage, other
miscellaneous salad greens
Statewide importance: $3 billion revenues on 255,000
acres
California share of U.S. supply: 86% (leaf lettuce)
Statewide pyrethroid economic benefits: $375 million
($1,315 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: 33%
Economic risk under pyrethroid ban: 168% increase in
coefficient of variation
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The leafy greens crop category is dominated in acreage
and value by head and leaf lettuce production located
primarily in California’s Central Coast regions, with some
limited production in the Central Valley and Imperial
County. Improvements in production technology, crop
genetics, and integrated pest management have seen per
acre yields increase by more than 55% since 1995.
Common pests that affect leafy greens crops include lygus bug, cabbage looper, worms, beetles, and
aphids. Leafy green crops are characterized by intensive production with multiple harvests per year, short
harvest windows, and a competitive market. Crops are typically field-packed and sold direct to market
either for consumption or processing into mixed salads. Crop damage or pests can result in rejecting entire
harvests. Yield losses under a pyrethroid ban could exceed 25% per acre.
Common pyrethroids include permethrin, lambda-cyhalothrin, and cypermethrin, typically applied 9-12 times
per crop. Alternative insecticides are less effective, have higher human toxicity, strict residual tolerances, and
cause delayed field re-entry and harvest time. Application rates are frequent, with bi-weekly applications and
application prior to harvest. Alternative insecticides material cost is four times the cost of pyrethroids.

Economic beneﬁts ($ millions)

Annual economic benefits of pyrethroid insecticides for leafy green crops, 2005 – 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Berries: strawberries, blackberries, blueberries,
raspberries, and boysenberries
Statewide importance: $2.5 billion revenues on
40,000 acres
California share of U.S. supply: 91% (strawberries)
Statewide pyrethroid economic benefits: $143 million
($3,070 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: 32%
Economic risk under pyrethroid ban: 600% increase
in coefficient of variation
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The berries crop category is primarily composed of
strawberries. The cool climates of coastal California
support nearly year-round harvesting and production
of strawberries. Acreage and value has been increasing
rapidly for the last several decades in response to
strong demand. Rotation systems in the Salinas Valley
incorporate strawberries with other leafy greens,
generating 2-3 highly valuable crops per year on a
relatively small irrigated footprint.
Common pests that affect berries include lygus bug, beetles, spotted winged drosophila, thrips, and other
worms. Strawberries are very susceptible to pest pressure and must be carefully monitored and managed,
otherwise economic losses can be significant, with 25% yield loss.
Common pyrethroids include cypermethrin and fenpropathrin. Alternative insecticides are much more toxic
to applicators than pyrethroid alternatives, and less effective. Material costs are also higher by $150 per acre.
Given the remarkable costs of growing strawberries and the effect on the probability of crop losses from
a ban of pyrethroids, it is no exaggeration to say that such a ban would be devastating for the $2.4 billion
California strawberry industry.

Economic beneﬁts ($ millions)

Annual economic benefits of pyrethroid insecticides for berries, 2005 – 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Tree nuts: walnuts, almonds, and pistachios
Statewide importance: $9.8 billion revenues on 1.75
million acres
California share of U.S. supply: 100% (almonds)
Statewide pyrethroid economic benefits: $681 million
($372 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: <1%
Economic risk under pyrethroid ban: 6% increase in
coefficient of variation
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The tree nut crop category includes over 1 million
irrigated acres of almonds, and over half a million acres
of walnuts and pistachios. Tree nut production is growing
at a rapid rate in Central Valley counties across the state.
Strong domestic and international demand have driven
crop prices to record highs in recent years.
Common pests that affect tree nuts include codling moth,
walnut husk fly, navel orangeworm, mites, and beetles.
Pests can damage nut meats and cause significant crop
losses in some years. Pyrethroid insecticides are used to control pests in coordination with other chemicals to
prevent resistance. Yield losses under a pyrethroid ban could be moderate at 5% per acre.
Common pyrethroid ais include permethrin, bifenthrin, and lambda-cyhalothrin, typically applied 2-4 times
per crop. Alternative insecticides are less effective, have higher human toxicity, strict residual tolerances,
and cause delayed field re-entry and harvest time. In addition, pyrethroids are important for nut processors
where fogging to treat pests without introducing moisture is common. Alternative insecticides material cost
increases production costs by $75 per acre.

Economic beneﬁts ($ millions)

Annual economic benefits of pyrethroid insecticides for tree crops, 2005 – 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Crucifers: broccoli, brussel sprouts, cauliflower,
horseradish, kale, and radish
Statewide importance: $1.3 billion revenues on
165,000 acres
California share of U.S. supply: 85% (broccoli)
Statewide pyrethroid economic benefits: $214 million
($898 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: <1%
Economic risk under pyrethroid ban: 20% increase in
coefficient of variation
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California broccoli production is either for fresh market
or processing, with a limited export market for processed
(frozen) broccoli. Fresh market broccoli consumption in
the U.S. has increased by over 30 percent since 2000, and
continues to show significant market growth. Broccoli is
commonly grown in rotation with strawberries and lettuce
in the Salinas Valley.
Common pests that affect crucifers include lygus bug,
cabbage looper, thrips, and beetles. In addition, cutworms—which feed at night—can ruin young plants and
seedlings, affecting crops in the early season after direct seeding. Experts interviewed reported that pest
pressure in broccoli varies and typically does not include standard treatment with pyrethroid insecticides.
Yield losses from a pyrethroid ban are less than 5%.
Common pyrethroids include bienthrin, esfenvalerate, and lambda-cyhalothrin. Alternative insecticides
include spinosad, dimethoate, and asephate. Industry experts noted that these alternatives are effective,
but have a higher material cost. Experts also emphasized the importance of access to broad-spectrum
pyrethroid insecticides to manage against unexpected pest pressure. Alternative insecticides increase per
acre operating costs by $90 per acre.

Economic beneﬁt ($ millions)

Annual economic benefits of pyrethroid insecticides for crucifers, 2005 – 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Tomatoes: processing and fresh market tomatoes
Statewide importance: $1.3 billion revenues on
300,000 acres
California share of U.S. supply: 94% (processing
tomatoes)
Statewide pyrethroid economic benefits: $239 million
($706 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: 5%
Economic risk under pyrethroid ban: 300% increase in
coefficient of variation
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California is the leader in the production of processing
tomatoes. Production is located across the Central Valley.
Processing tomatoes are typically grown under contract
with a processor and with plantings staggered through
the spring and into early summer. U.S. per capita tomato
consumption has been declining over the last 20 years,
down from 90 pounds per capita in 1995 to approximately
80 pounds per capita in 2015. However, acreage and
value in California has been increasing due to strong
export market demand.
Common pests that affect tomatoes include lygus bug, stink bug, spotted winged drosophila, and worms.
Stink bugs and lygus bug are known for stabbing the fruit to secrete nutrients, leaving scars and pathogens
that cause the fruit to decay, causing direct yield loss the potential spread of disease. Fields are typically
treated early in the season and later in summer as required by pest pressure each year. Crop yield losses
under a pyrethroid ban are estimated at 15%.
Common pyrethroids include bienthrin, esfenvalerate, and lambda-cyhalothrin. Alternative insecticide brands
include chlorpyrifor, methoxyfenozide, and carbaryl. Industry experts noted that these alternatives are
effective, but have a higher material cost. Alternative insecticides increase per acre operating costs by $180
per acre.

Economic beneﬁts ($ millions)

Annual economic benefits of pyrethroid insecticides for tomatoes, 2005 – 2015
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Annual Economic Benefits
of Pyrethroids by County
(In Millions)

Grapes: wine grapes, table grapes, raisins
Statewide importance: $6.1 billion revenues on
860,000 acres
California share of U.S. supply: 99% (table grapes)
Statewide pyrethroid economic benefits: $123 million
($148 per acre)
Probability revenues do not cover cash costs under
pyrethroid ban: <1%
Economic risk under pyrethroid ban: 3% increase in
coefficient of variation
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The grape crop category value is largely driven by
wine grape acreage located along the Central Coast,
Sacramento Valley, San Joaquin Valley, Sierra foothills,
and Southern California regions. Table grape and raisin
production is primarily located in the southern San
Joaquin Valley. Wine grapes, table grapes, and raisins
account for 47%, 37%, and 14% of the crop category
value, respectively.
Common pests that affect grapes include black widow
spider, thrips, works, sharpshooters, and leafhoppers. Table grapes are unique because pests such as the
black widow spider are a worker safety concern, and typically have zero tolerance in export grape clusters.
Pyrethroid insecticides are used to treat these pests and prevent market losses. Yield losses under a
pyrethroid ban are moderate at 3% per acre.
Common pyrethroid ai’s include fenpropathrn, bifenthrin, and cyfluthrin, typically applied on an asneeded basis and before harvest. Alternative insecticides include carbamates and flupyradifurone. Industry
experts reported that these alternatives are effective, but have higher human toxicity and increase material
production costs by $54 per acre.

Economic beneﬁts ($ millions)

Annual economic benefits of pyrethroid insecticides for grapes, 2005 – 2015
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Additional Considerations
The analysis finds that pyrethroid insecticides provide economic benefits in several ways. Crops that require
regular treatment to manage pests that would otherwise render the crop unmarketable realize significant
benefits from pyrethroid insecticide application. This includes the cost of alternative materials. In other crops,
it is important to treat pests when pest pressure increases. It is important to have pyrethroids in the pest
management arsenal to prevent general resistance, and to mix with other insecticides. Finally, the increasingly
global and interconnected agricultural economy means a risk of infestation from new pests. Broad spectrum
pyrethroid insecticides were frequently reported as the first line of defense for many Pest Control Advisers
and growers. The ability to treat a range of pests provides additional risk offset benefits that are not included
in this initial study.
Given time and resource constraints for this project, several factors were not analyzed and were left for future
analyses. These include potentially significant economic benefits—and some offsetting costs—that were
beyond the scope of this initial investigation.
1. The analysis does not consider the multiplier effects on ancillary industries and rural economies that
would occur with changes in grower farm income, in terms of jobs, taxes, and local value-added
(GDP). Importantly, these industries tend to include disadvantaged communities where income is
inextricably linked to the agricultural sector.
2. The avoided cost of alternative insecticides in this analysis is expressed in terms of additional material
cost, any additional labor and worker safety costs are not included.
3. This analysis focuses on the economic impact of a pyrethroid ban on specialty crop growers. Potential
consumer impacts (change in consumer surplus) resulting from supply shocks that affect farm-gate
and retail prices were not considered in this initial analysis.
4. Any costs to processors or upstream agribusinesses from a ban on pyrethroid insecticides were not
considered in the analysis. For example, nut processors will typically treat processing facilities with
pyrethroid insecticides to manage pest pressure because they can be applied without introducing
moisture into the processing facility and workers can reenter the facility shortly after treatment.
5. The analysis does not consider the economic risk offset value provided by pyrethroid insecticides. This
includes: (i) the spill-over benefits on nearby fields from managing pests in other fields, (ii) the risk of
crops being rejected that exceed MRL’s of alternative insecticides or include banned pests, and (iii)
the value of a broad-spectrum and effective insecticide that can be applied rapidly in response to
new pests that may enter the region.
The economic benefits of pyrethroid insecticides to California specialty crops considered in this analysis can
be grouped into three categories: (i) the avoided cost of alternative insecticides, (ii) any direct crop yield
losses, and (iii) any direct crop quality losses. The analysis focuses on the farm-level benefits that pyrethroid
insecticides provide to growers (in terms of net farm income), and as such, broader market implications and
benefits to ancillary industries are not included in the financial values presented in this report. These and
other factors should be considered more carefully in future analyses.
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1. Executive Summary
The Environmental Protection Agency (EPA) has prepared preliminary ecological risk
assessments (PRA) for pyrethroid insecticides. The screening-level PRA predicted many LOC
exceedances for agricultural uses. Any new regulations as a result of this assessment restricting
or banning pyrethroid use in agricultural production at the state or federal level would limit pest
management options and create uncertain—and potentially significant—economic costs to
growers, ancillary industries, and rural economies. The Pyrethroid Working Group (PWG)
contracted with ERA Economics LLC (ERA) to analyze the economic benefits pyrethroid
insecticides currently provide to a subset of economically important California specialty crops.
The economic benefits of pyrethroid insecticides to California specialty crops can be grouped
into three central components: (i) the avoided cost of alternative insecticides, (ii) any direct crop
yield losses, and (iii) any direct crop quality losses. The avoided cost of alternative insecticides
includes additional material costs, application costs, labor costs resulting from delayed field reentry, and reduced efficacy. Direct crop yield losses result from pest damage that causes partial
field loss or entire harvests being rejected. Direct crop quality losses result from pest damage that
reduces crop quality and the risk of harvests being rejected because alternative insecticides
exceed residual pesticide thresholds for export or other criteria.
The analysis finds that pyrethroid insecticides are an important tool in the pest management
arsenal for many economically important specialty crops. The crops analyzed in this study
include 56% ($25 billion) of California’s ~$46 billion farm-gate value agricultural sector. The
avoided cost, yield loss, and crop quality costs of pyrethroid insecticide across the crops
analyzed in this study equals $1.6 billion annually, over the 2005-2015 period of analysis, or
$563 per acre.
1.1 Analysis Approach
The economic analysis considers a complete ban on pyrethroid insecticides. Economic benefits
are expressed as average annual benefits per acre and in total for each crop over the 2005 – 2015
period of record. The economic benefits are established using a series of stochastic farm cost-ofproduction budgets that acknowledge regional and temporal variability (risk) in agricultural
production, and are able to quantify changes in net return to land and management (farm income)
resulting from changes in production costs and output under a pyrethroid ban. In the stochastic
analysis, the benefits of pyrethroid insecticides are expressed as a total benefit per acre, change
in variability of returns to farming, and change in the probability of covering variable operating
costs. The economic benefit of pyrethroid insecticides is defined as the incremental change in
these metrics attributable to pyrethroid insecticide use, holding other confounding factors
constant. The analysis is purposefully short-run in nature and does not consider long-run changes
in response to development of alternative insecticides or any additional, or offsetting, adjustment
costs over time. In addition, the analysis does not include a general equilibrium analysis of
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market effects, and as such, does not quantify the effect of a pyrethroid ban on the expected
market clearing crop price and changes in consumer welfare.
Significant primary data, published research, and public data were compiled to analyze the
economic benefits of pyrethroid insecticides in California. The ERA team surveyed Pest Control
Advisers (PCAs), growers, University of California Cooperative Extension (UCCE) specialists,
and other industry experts to determine the likely changes in crop production and cost that would
be caused by restrictions on pyrethroids. Over 40 experts were interviewed, many of whom were
experienced with multiple crops. A concurrent literature survey was completed to gather
supplemental data and validate the primary data collected in the expert survey. Public crop
production and pesticide use data were compiled from various sources. The combined data set
was used to analyze the economic benefits of current pyrethroid insecticide use in selected
California specialty crops.
The economic benefits of pyrethroid insecticides are quantified in terms of improved crop yields,
improved crop quality, and any differences in efficacy, labor, and material production costs of
alternative insecticides and pest management approaches. Economic benefits were quantified in a
series of crop production budgets that characterize net returns to land and management for each
representative crop. A crop budget is developed for a representative crop for each of six (6) crop
categories: leafy greens (head lettuce), cruciferous crops (broccoli), tree nuts (walnuts), tomatoes
(processing tomatoes), grapes (table grapes), and berries (strawberries). Benefits are extrapolated
to the broader crop category using a statistically estimated “pyrethroid use index” that
acknowledges variability in pests and pyrethroid applications by crop, region, and over time
(2005 -2015). This data-driven analysis provides a quantitative estimate of the economic benefits
of pyrethroids to specialty crop growers in California.
1.2 Benefits Summary
The statewide average annual economic benefits of pyrethroid insecticides from 2005 – 2015 for
the specialty crop categories included in this analysis equals approximately $1.66 billion. Figure
ES-1 illustrates the share of economic benefit by year and crop category.
Pyrethroid benefits vary with pest pressure over time and across regions in California. Tree nuts,
berries, and leafy greens have the highest share of total benefits, reflecting a mix of high benefits
per acre (e.g. berries and leafy greens) and moderate per acre benefits spread over significant
acreage (e.g. tree nuts). Benefits of pyrethroids for crucifers and grapes are a relatively small
share of the total because these crops are produced on smaller footprints and pyrethroids are one
of many integrated pest management tools available to growers. Berries and leafy greens are a
small share of the total benefits but the per-acre benefits provided by pyrethroids are substantial
because these crops are frequently treated with pyrethroids to prevent damaging pests, and there
are limited effective alternatives. Total benefits range from $1.5 to $2 billion annually. Strong
market conditions and expanding specialty crop acreage has caused total pyrethroid benefits to
increase in recent years.
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Figure ES-1. Total statewide economic benefits of pyrethroid insecticides for selected
specialty crop categories, 2005 – 2015
Economic Benefit (Millions) (2016$)
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Table ES-1 summarizes the economic benefits per acre and in total for each crop category,
expressed as an average annual benefit over the 2005 to 2015 period of record. Berries and leafy
greens realize the highest benefits per acre due to significant damaging pest pressure that is
treated effectively with pyrethroids. Tree nuts show the highest total benefits due to significant
acreage for this crop category.
Table ES-1. Economic benefits summary
Crop
Total pyrethroid benefit Pyrethroid benefit per acre
Berries
$144 million
$3,070
Crucifers
$49 million
$205
Grapes
$162 million
$200
Leafy Greens
$380 million
$1,300
Tomatoes
$245 million
$705
Tree Nuts
$681 million
$450

In summary, the analysis finds that pyrethroid insecticides provide economic benefits in several
ways. Crops that require regular treatment to manage pests that would otherwise render the crop
unmarketable realize substantial benefits. This includes the cost of alternative insecticides that
may be less effective than pyrethroids. In other crops, it is important to treat pests when sudden
infestations occur. It is also critical to have pyrethroid insecticides as part of the integrated pest
management arsenal to prevent pest resistance and to mix with other materials. Finally, the
ERA Economics, LLC
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increasingly global and interconnected agricultural economy means that there is a continual risk
of infestation from new pests. Broad spectrum pyrethroid insecticides are frequently reported as
the first line of defense for unexpected infestations by many PCAs and growers. Access to an
effective broad spectrum insecticide is an insurance policy against unexpected new pests. This
provides an additional “risk offset value” that is not quantified in this analysis.
Cost-effective yield and crop quality benefits attributable to pyrethroid insecticides extend
beyond the farm. In many regions in California a disproportionate share of the local economy
depends on specialty crop production. Importantly, these industries tend to include
disadvantaged communities where income is inextricably linked to the agricultural sector. A
robust specialty crop production sector creates jobs in upstream and downstream industries,
which in turn generate additional economic activity in rural parts of the state. The statewide
economic benefits presented in this study can be refined in the future to consider the impact on
local communities and industries that are linked to primary crop production.
1.3 Market Implications
It is important to note that the market demand for California specialty crops is characterized by
rigidity in consumer response to market quantity changes. In times of extra product supply,
prices have to drop significantly to stimulate much increase in demand. In turn, if there is a
shortage in supply, prices increase disproportionally. This reality—termed market demand
inelasticity by economists—means that seasonal supply shortfalls in specialty crops can induce
significant price increases and consumer costs. These additional costs to consumers are not
calculated in this analysis, but would be an important economic cost of a statewide ban on
pyrethroid insecticides. In addition, potential increases in crop prices as a result of a pyrethroid
ban would in turn elicit response from other producers and regions. These market interactions
will tend to reduce the financial value of the benefits of pyrethroids measured in this analysis.
The analysis can be extended to incorporate the full range of market interactions using an
Equilibrium Displacement Model or Computable General Equilibrium Model calibrated to the
California specialty crop market conditions that underlie this analysis.
1.4 Limitations and Extensions
Given time and resource constraints for this project the ERA team had to estimate the results
based on a smaller range of crop types, survey samples, and crop production budgets than would
have otherwise been ideal. As a result several factors could not be analyzed and were left for
future study. These include potentially significant economic benefits—and some offsetting
costs—that were beyond the scope of this initial investigation. Given the economic importance
of the crops that were included (and excluded) in this analysis to California’s agricultural
economy and rural working populations, these factors should be considered in future analyses.
1. The monetary cost of quality degradation by pest infestations was not explicitly included
in the benefits, except for berry crops.
ERA Economics, LLC
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2. While the analysis does explicitly measure the change in risk in two different ways for
every crop, it does not assign a monetary value to this increase in risk from the loss of
pyrethroids. This step would require estimation of a grower’s risk aversion, or
alternatively an insurance cost against such risks.
3. The analysis did not measure the economic costs of induced structural change in the
industries. For example, in strawberries and leafy greens, the reduction of the rate of
return on working capital and the risk increase could make many producers exit the
industry. If a structural change such as this took place in the industry it would result in
much higher economic impacts than the change in expected net farm income reported in
this study.
4. The representative crop benefits are extrapolated to the broader crop category and regions
across the state using a pyrethroid index. Using the pyrethroid index to weight the other
crops and regions the analysis assumes that the benefits of pyrethroids are proportional to
the amount of active ingredient used.
5. The analysis does not consider the multiplier effects on ancillary industries and rural
economies that would occur with changes in grower farm income. That is, this analysis
considers the farm-level effects from a change in field productivity resulting from a
pyrethroid ban, but does not consider the ripple effects on ancillary industries. In regions
such as the Salinas Valley where a disproportionate share of the local economy depends
on specialty crop production, these impacts can be substantial. This includes industries
such as cold storage, material suppliers, shipping, farm labor, and a range of industries
that support primary agricultural production. Importantly, these industries tend to include
disadvantaged communities where income is inextricably linked to the agricultural sector.
6. The avoided cost of alternative insecticides in this analysis is expressed in terms of
additional material cost. The cost of additional labor inputs—from delayed field re-entry
or stricter reporting requirements—that are associated with alternative insecticides were
not included in this economic analysis. This analysis can be revised to include these costs
by conducting a survey of growers to quantify these direct and indirect regulatory
compliance costs.
7. This analysis focuses on the farm-gate economic impact of a pyrethroid ban on specialty
crop growers. Market interactions and the resulting effect on crop price and consumer
welfare were not modeled in this analysis. This analysis can be revised to include market
effects by constructing a partial or general economic model that is calibrated to California
conditions.
8. Any costs to processors or upstream agribusinesses from a ban on pyrethroid insecticides
were not considered in the analysis. For example, nut processors will typically treat
processing facilities with pyrethroid insecticides to manage pest pressure because they
can be applied without introducing moisture into the processing facility and workers can
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reenter the facility shortly after treatment. These secondary effects are outside of the
scope of this preliminary analysis, but can be included by expanding the survey to
include these entities, and concurrently developing an input-output economic model of
the linked industries.
9. The analysis does not consider spill-over benefits of pyrethroid insecticides. Many pests
are mobile meaning that there is a benefit to surrounding fields when other fields are
treated by pyrethroid insecticides. The economic literature shows that this spill-over
benefit can be significant, and should be considered in future studies.
10. The analysis has not explicitly considered export restrictions associated with maximum
residual limits (MRLs). It is possible that entire export markets can be shut down under a
pyrethroid ban as growers are forced to rely on alternatives for which international
tolerances have not been set. This additional cost should be considered in future analyses.
11. Unexpected pest pressure from previously unknown pests that infect fields in a new area
and can result in substantial economic damages. Many industry experts noted the
importance of broad-spectrum and effective insecticides such as pyrethroids that are
labeled for application to important specialty crops and can treat a range of pests,
preventing substantial crop losses in these cases. This additional risk-offset value should
be considered in future analyses.
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2. Overview and Regulatory Compliance Costs for California
Agriculture
The agricultural sector in California is subject to some of the most stringent and complex
regulations in the world. Regulations can provide benefits to producers by, for example,
signaling to consumers that California produce is safe and reliable, but regulations also impose
burdensome compliance costs on growers and ancillary agribusinesses. It is important to
acknowledge the current regulatory environment when analyzing the economic impact of
potential new regulations such as restrictions on pyrethroid insecticides.
The regulation of agriculture in California is driven by environmental concerns, such as water
and air quality, as well as worker and consumer health and safety issues. Whereas many
regulations are in the public interest and can provide benefits to the regulated industry, they also
affect farm and industry productivity and competitive performance. The increasing complexity of
the regulatory environment in California has been cited by several studies as an area of growing
concern for California producers and a factor that is likely to have negative impacts on the future
competitiveness of the industry (Hurley 2005; Johnston and McCalla 2004; Noel, Paggi, and
Yamazaki 2013).
Regulatory costs can be classified as either direct, involving a cash outlay in response to the
regulation, or indirect, involving an opportunity cost to the business or industry as a result of the
regulation. Direct and indirect regulatory compliance costs to agricultural producers in California
have been increasing in recent years. Direct costs include tangible out-of-pocket cash outlays.
Examples include permit fees, fees for produce testing or verification, coalition charges, and
other payments made to agencies or third-parties specifically to assure compliance. Indirect costs
result from foregone earnings (opportunity cost) and losses that result when a business changes
their operations in response to a regulation. For example, indirect costs can include labor costs to
train and hire additional employees and fill out and submit required paperwork, as well as the
time (both employee and proprietor) required to learn about changing regulations and stay in
compliance. A survey of over 1,300 specialty crop growers in California, administered by the
California Agricultural Statistics Service and analyzed by Hurley and Noel (2006), found that the
indirect cost of management time devoted to regulatory compliance increased by 40 percent
between 1999 and 2004. Growers’ surveyed reported spending an average of 10.3 percent of
their total working hours on regulatory issues in 2004, up 41% from 7.3 percent over the
previous 5 years (1999).
Effective regulations must be grounded in quantifiable costs and benefits so that the regulators,
stakeholders, and the public can clearly understand the economic implications of the proposed
policy change. California has taken steps to improve transparency and include economic analysis
as part of the regulatory process—for example, as of 2013 a Standardized Regulatory Impact
Analysis is required for all “major” regulations—but comprehensive data-based analyses of the
regulated industries are less common.
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2.1 An Overview of the Economic Benefits Analysis of Pyrethroids
Against this backdrop of a complex web of existing regulations and the ongoing review of
pyrethroids at the Federal level by the US EPA, this analysis establishes the economic benefits
that pyrethroid insecticides provide to California specialty crop growers. The analysis is limited
to six (6) crops representing a larger group of individual crops. An economic analysis is
presented for a representative crop in each category and these results are statistically extrapolated
to the rest of the crops in the category based on spatial and temporal variation in pyrethroid use,
acreage, and value. We acknowledge that pyrethroids are not used on all crops, in all years, or in
all regions. Although the study is limited in scope to six crop groups, the total farm gate value of
the crop groups included in the study equals $25.9 billion, representing approximately 56% of
the total farm gate production value in California.
Pyrethroids are an important tool in the integrated pest management arsenal for California
specialty crops. Pyrethroid insecticides are broad-spectrum and very effective at controlling
sudden pest outbreaks. This is important for California specialty crop agriculture as pest pressure
varies in intensity, location, and economic cost from year to year. The detailed pests and
treatment approaches are presented for each crop in the following sections of this report. The
economic benefits of pyrethroids to California specialty crops can be broken down into three
components:


Avoided costs of alternative insecticides, including reduced efficacy, increased material
cost, and toxicity.



Direct crop yield loss resulting from pest damage that cannot be prevented with less
effective insecticides.



Direct crop quality losses resulting from pest damage that cannot be prevented with less
effective insecticides.

The avoided cost of alternative insecticides is a direct regulatory compliance cost to growers.
Alternative insecticides can be more expensive, resulting in increased material costs, higher
production costs, and lower net income to growers. In some cases, pyrethroid alternatives can be
over 10 times as expensive as pyrethroids and have much higher mammalian toxicity.
Alternative insecticides result in additional indirect regulatory costs such as additional labor time
from delayed field worker reentry and increased harvest time to adhere to pesticide residue
tolerances. In addition, applicator safety issues can arise from working with higher toxicity
insecticides than pyrethroids. Pyrethroids have low toxicity to mammals and low residuals for
applicators (Li et al. 2011). Pyrethroid applicators are not required to complete pre and posthandling blood tests to measure acetylcholine levels, as is required by applicators applying
organophosphate and carbamate insecticides (Joseph et al. 2017). Worker and applicator safety
issues are important and can result in other economic and health costs that are not explicitly
accounted for in this analysis.
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Direct crop yield losses from pest damage are the most obvious potential direct economic cost of
a pyrethroid ban. Alternative insecticides may be less effective than broad-spectrum pyrethroids,
resulting in crop damage and yield loss. In extreme cases, entire crops can be lost due to crop
damage. A decrease in crop yield results in a decrease in the supply of a given crop across the
broader market. Changes in production technology and cost have important market implications,
but this latter impact is not included in the analysis. Alternative insecticides can help prevent
direct crop damage, but the increased time for field worker reentry can cause yield loss in labor
intensive crops that must be harvested at frequent intervals.
An additional direct loss from pests is reductions in crop quality. The shorter harvest re-entry
interval for pyrethroids is a desirable property that can improve crop quality, particularly in leafy
greens and strawberries. In these and other fresh market crops, cosmetic crop damage can be
costly to growers. Product can be graded as below premium quality or outright rejected. If the
spot market price for a crop is low, growers may choose to forgo harvest on entire fields. In
many cases, beneficial pests must also be managed before harvest because they must be
eliminated before a crop is sent to market.
2.2 Methodology
Economic benefits are expressed as average annual benefits per acre and in total for each crop
over the 2005 – 2015 period of record. Benefits are calculated using a series of stochastic farm
cost-of-production budgets that acknowledge regional and temporal variability (risk) in
agricultural production, and are able to quantify changes in net return to land and management
(net farm income) resulting from changes in the three key benefits of pyrethroid insecticides
(crop yield, crop quality, avoided production costs). The stochastic analysis allows the benefits
of pyrethroid insecticides to be expressed as a change in variability of net farm income (e.g. risk)
and change in the probability of covering variable operating costs. The economic benefit of
pyrethroid insecticides is defined as the incremental change in these metrics attributable to
pyrethroid insecticide use.
Data for the analysis are compiled from multiple sources including crop cost of production
budgets, phone and in-person surveys of Pest Control Advisors (PCAs), University Cooperative
Extension Specialists, and multiple farm mangers, industry experts, and industry groups. In total,
over 40 experts were interviewed by the ERA team for this analysis. A concurrent literature
review was used to validate the responses from survey respondents, and public data were
gathered from a range of state and federal agency sources.
The analysis is limited to six crop categories including tree nuts, grapes, tomatoes, berries,
crucifers, and leafy greens. Each category includes a representative crop of walnuts, table grapes,
processing tomatoes, strawberries, broccoli, and head lettuce, respectively. The following
sections of this report document each representative crop, other crops in the category, common
pests, and common pyrethroid active ingredients (AI).
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A stochastic crop budget simulation of net farm income is developed to quantify the economic
benefits of pyrethroid insecticides for crop production. The crop budget is able to evaluate the
effect of changes in yield, crop quality, and production costs on grower net income. Farm income
can be simulated under a range of key operating variables (KOVs). Examples of stochastic farm
model KOV’s include profitability measures (e.g. net farm income), balance sheet financial
ratios (e.g. debt-equity ratio), and measurements of cash flow changes. The appropriate KOV for
this analysis is net farm income (net return to land and management). Net farm income is defined
as total crop revenue less total cash cost of production, where total cash cost of production is
total operating cost (cultural cost and harvest cost) plus operating interest cost and cash overhead
cost. Land costs and owner/operator opportunity costs and non-cash adjustments (e.g.
depreciation and taxes) are excluded from this metric.
The measure of net farm income is used in order to have a consistent measure of net returns over
a wide range of crops that are grown under different combinations of land ownership, crop rents,
and share agreements. All out of pocket costs of growing the crop are deducted from the
expected net revenue to arrive at the net income measure. The economic benefits for each crop
identified are specific to California. The analysis also demonstrates the change in farming risk
caused by a ban on pyrethroid insecticide use, expressed in terms of probability that revenues
exceed cash production costs, and the coefficient of variation, which captures the change in mean
income relative to the variability expressed as the standard deviation.
The analysis quantifies the benefits for the representative crop for each category and extrapolates
benefits to the other crops in that category based on variability in pyrethroid insecticide use
across regions and over time. The economic benefits for the representative crop are statistically
extrapolated to the broader crop category to establish the California total statewide economic
benefits of pyrethroid insecticides for each crop category. The 2005 – 2015 period of record is
used in this analysis because it is representative of a sequence of wet and dry years in California.
The pyrethroid benefit index is calculated as the ratio of pyrethroid insecticides applied to each
of the crop category crops, normalized by the representative crop, for each county and year. The
benefits from the representative crop are thus weighted in proportion to use rates in the other
crops in each category, across different regions (counties), and over time. The analysis can be
expanded in the future to consider additional crops and the joint impact of pyrethroid restrictions
across multiple similar commodities.
The analysis does not consider the market implications of a change in production technology and
cost under a pyrethroid ban. Market adjustments include the effect of a supply shift on the
resulting market equilibrium price and quantity, and resulting consumer welfare impacts. The
analysis can be extended to estimate these effects using a general or partial equilibrium modeling
approach calibrated to California market conditions in the future.
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2.3 Organization of the Report
The following sections provide an overview of the six crop categories included in the economic
benefits analysis. The total acreage and value of each crop, pyrethroid insecticide use and
common pest pressure, the economic benefits of pyrethroid use for the representative crop, and
an extrapolation to the broader crop category are presented within each section. The report
provides some summary remarks and areas for additional analysis, followed by a reference page
listing the peer-reviewed studies considered for this analysis.
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3. Leafy Greens: Head Lettuce
The leafy greens specialty crop category includes lettuce and other miscellaneous leafy green
vegetables. The representative crop analyzed for the leafy greens crop category is head (iceberg)
lettuce. A preliminary analysis based on expert feedback and California Department of Pesticide
Regulation (DPR) Pesticide Use Report (PUR) data found that head and leaf lettuce—the
dominant leafy green crops by acreage and value—have similar pyrethroid use rates. Table 1
summarizes the crops included in the leafy greens crop category, common pests, and common
pyrethroid insecticide active ingredients (AI) applied.
Table 1. Summary of the leafy greens crop category
Representative crop
Common pests
lygus bug, cabbage looper,
Head lettuce
other worms, aphids
Other crops
Common pests
lygus bug, cabbage looper,
Leaf lettuce
other worms, aphids
lygus bug, cabbage looper,
Romaine lettuce
other worms, aphids
lygus bug, cabbage maggot,
Cabbage
worms, beetles
lygus bug, cabbage maggot,
Chinese cabbage
worms, beetles
lygus bug, cabbage looper,
Spinach
other worms, aphids
lygus bug, cabbage looper,
Misc. salad greens
other worms, aphids

Common pyrethroid AI's
permethrin, lambda-cyhalothrin,
bifenthrin, cypermethrin,
Common pyrethroid AI's
permethrin, lambda-cyhalothrin,
cypermethrin, pyrethrins
permethrin, lambda-cyhalothrin,
cypermethrin, pyrethrins
permethrin, bifenthrin, cypermethrin
cypermethrin, permethrin, bifenthrin,
lambda-cyhalothrin
permethrin, cypermethrin, pyrethrins
permethrin, bifenthrin, pyrethrins

The leafy greens crop category is dominated in acreage and value by head and leaf lettuce
production primarily located in California’s Central Coast regions, with some limited production
in the Central Valley and Imperial County. Head lettuce acreage has been declining for some
time due to shifts in consumer demand and increasing productivity per acre. U.S. per capita
consumption of lettuce has been relatively constant over the last 20 years with a slight downward
trend—approximately 25-30 lbs per capita per year—but the share of head lettuce has decreased
from nearly 80 percent in 1995 to roughly 55 percent as of 2015 (USDA 2016). California
produces approximately 86 percent of leaf lettuce, 77 percent of romaine, and 66 percent of
spinach total United States supply (LGMA 2017). Recent improvements in production
technology, crop genetics, and integrated pest management have increased yield per acre by
more than 55 percent over the last 20 years (Geisseler and Horwath 2012). In recent years,
primary lettuce production regions including the Salinas Valley have seen a shift in cropping
systems toward higher value-added products with strong consumer demand such as fresh berries.
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In addition, mixed greens and Chinese vegetables that are sold direct to food hubs in the greater
Bay Area have been growing in popularity in recent years.
California and Arizona are the primary domestic lettuce production regions. As of 2016,
California produced approximately 63 percent of the head lettuce production (by value) in the
United States, with Arizona producing the remaining 37 percent (USDA 2016). Lettuce
production is cyclical with harvest periods in different regions providing a relatively stable yearround supply to the market. Intensive production regions like California’s Salinas Valley are
characterized by multiple (up to 3) harvests per year, whereas producers in the Yuma region
incorporate feed or grain crops into annual rotation systems and lettuce production from these
regions supplies the winter market. Head lettuce is largely field-packed and sold for processing
(typically salads) or direct to domestic and international export markets (UC ANR 2011a, UC
ANR 2011b).
The combined leafy greens category generates nearly $3 billion dollars in gross farm-gate value
annually as of 2015. The farm gate value of head lettuce production equals approximately $1
billion annually, comprising one-third (33 percent) of the total leafy greens crop category value.
Figure 1 illustrates trends in gross farm gate value and irrigated acreage of head lettuce in
California from 1995 to 2015. Gross production value for head lettuce has been largely stable
over the last 20 years reflecting the productivity increases that offset the underlying declining
trend in irrigated acreage discussed previously.
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Figure 1. California head lettuce irrigated acreage and farm-gate value, 1995-2015
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California head lettuce production is generally located in the same regions producing other leafy
greens crops, including Monterey, Santa Barbara, San Luis Obispo, and Santa Cruz counties.
Monterey County alone produces approximately 50 percent of California head lettuce acreage.
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3.1 Pyrethroid Use
Lettuce thrives in areas with moderate daytime temperatures (to prevent bolting and tip burn) and
cool nights, but these same conditions provide ideal habitat for pests that can severely damage
the crop. Aphids, loopers, lygus bug, and various flies and worms can cause substantial crop
damage. For example, the silver leaf whitefly is a known pest in Southern California production
regions, whereas lettuce aphid is more prominent in the Central Coast regions. Since lettuce is a
crop that is almost exclusively sold for fresh market, there is a low tolerance for pests that
damage crop quality or are visually unappealing (including beneficial pests). Pest damage in the
form of crop scarring or pesticide residues left on the crop can also cause quality losses or
rejections of entire fields at harvest. Industry experts interviewed for this study confirmed that
timely treatment of annual pests and standard annual preventative treatments with insecticides
are a critical part of lettuce production. Pest infestations in leafy green crops have immediate and
severe economic consequences, and growers must completely prevent, rather than wait and
respond, to pest infestations.
Pyrethroid insecticides are a cost-effective method of controlling common pests in head lettuce
and other leafy green crops. They are used to treat head lettuce, leaf lettuce, and other leafy
greens during all stages of crop growth, and before the crop goes to market. The industry expert
survey and literature review found that pyrethroid insecticides are an effective tool for treating
pests because they allow workers to quickly re-enter the fields after treatment (24 hours or less),
provide broad-spectrum treatment across a range of pests, are cheap and effective relative to
alternative insecticides, and have generally low mammalian toxicity (Joseph et al. 2017). In
addition, pyrethroid insecticides allow for harvest soon after application, whereas alternative
insecticides can require several days before the crop can be harvested and sent to market. It
follows that pyrethroid insecticides have important economic benefits in terms of crop
production, variable production costs, and worker safety.
Experts interviewed noted that pest pressures are more dominant in the spring and summer
months when water and nutrients are sparse. However, pest pressure is always present in lettuce
production. Lettuce, like strawberries, grows near the ground which encourages pest population
growth. The economic damage caused by pests can be substantial, and the relative cost of
pyrethroid insecticide applications is low, thus it is common to frequently treat head lettuce (and
other leafy greens) with pyrethroid insecticides. Experts interviewed indicated that it is common
to treat lettuce crops with pyrethroid insecticides every other week, and once before harvest.
Figure 2 summarizes the total annual pounds (active ingredient, AI) of pyrethroid insecticides
applied to head lettuce between 2005 and 2015. The most frequently used active ingredient is
permethrin, typically accounting for more than 57 percent of pyrethroid insecticides applied to
head lettuce. Other pyrethroid active ingredients typically used on head lettuce include lambdacyhalothrin, bifenthrin, and esfenvalerate. Figure 2 illustrates a clear downward trend in total
pyrethroid use in lettuce, mirroring the reduction in irrigated acreage shown previously. Since
2005, total permethrin applications have decreased by 7,000 lbs. and total pyrethroid applications
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have decreased by 10,000 lbs, or 33 percent. In addition to a reduction in the irrigated footprint,
this reduction is partially due to new genotypes with improved disease and pest resistance
(Durham 2015).
Figure 2. Total pounds of pyrethroids applied to head lettuce by AI, 2005-2015
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The rate of application of pyrethroid insecticides varies by county and over time. For example,
experts noted that lygus bug can migrate between fields, so outbreaks may be concentrated in
specific regions and require increased treatment in these areas. Several PCAs confirmed that
pyrethroids are regularly applied to head lettuce to prevent any infestation during seeding,
production, or before the crops go to market. Failing to treat crops in a timely manner can
increase the risk of losing an entire field, and with gross value per acre in excess of $11,000 per
year, the potential economic cost can be substantial.
Pyrethroid insecticide application rates to head lettuce are relatively constant, largely following
trends in irrigated acreage. This confirms feedback from industry experts who stated that
pyrethroid insecticides are an important and standard part of lettuce production to prevent costly
pest damage. Figure 3 illustrates total pounds of pyrethroid insecticides applied to the top four
head lettuce producing counties, which generally follow the production (total irrigated acreage)
production ranking. Monterey County application is around 10,000 lbs. annually, with the other
three counties—Imperial, Fresno, and Santa Barbara—applying closer to 3,000 lbs. annually.
A breakdown of pyrethroid use per irrigated acre reveals similar trends to total use and
differences between counties. Figure 3 illustrates trends in pyrethroid application across the top
four head lettuce producing counties. It is noteworthy that Santa Barbara ranks 3rd in head lettuce
production, but PUR data indicate application rates are general higher in this area. The natural
conclusion is that pest pressure is more pronounced in this region. In general, pyrethroid
insecticide application rates are in the range of 0.15 to 0.35 lbs. of active ingredient per acre and
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relatively stable over time. Santa Barbara data show an approximate 20 percent increase in
pyrethroid use per acre between 2008 and 2009, which according to several PCAs, was due to
increased incidence of lygus bug and cabbage looper in those years.
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Figure 3. Pyrethroid pounds AI applied to head lettuce in total and per acre, by county
(2005-2015)
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Growers, PCAs, and other industry experts all indicated that pyrethroid insecticides are an
essential and effective tool for the integrated pest management of head lettuce, and other leafy
green crops. The primary reason cited is that pyrethroid insecticides are effective for short
harvest-cycle crops such as leafy greens because the time to return to the field is short due to
limited human toxicity. Other PCAs noted the importance of treating unexpected pests with
pyrethroid insecticides. Several years ago, the bagrada bug moved north into the Central Coast
from southern production regions. Growers in the area trying to figure out how to treat the new
bug were able to identify pyrethroid insecticides as an effective alternative since they are broad
spectrum and are effective on contact. One PCA relayed a story about a grower who did not treat
with pyrethroids and ended up losing over 50 percent of his crop that year. This highlights the
importance of timely treatment of unexpected pest pressure.
PCAs and other experts noted that overuse of pyrethroid insecticides would lead to resistance
and decreased effectiveness. They are careful to limit applications of all insecticides to minimize
resistance. Many PCAs hope for additional research to investigate stronger broad-spectrum and
targeted insecticides.
3.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
Pyrethroid insecticides are applied on a regular basis with application frequencies typically in the
range of every 7 to 14 days depending on grower preference, product applied, and overall pest
pressure in the region.
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The cost of pyrethroid application varies with the active ingredient and pest pressure (which
determines the application rate). In general, across all active ingredients typically applied to head
lettuce, the material cost of a single application is in the range of $8 - $15 per acre. This is
derived from an average application of three to twelve ounces of active ingredient per acre at a
cost of $70 - $120 per gallon. All of the PCAs and other experts interviewed noted that
pyrethroid insecticides are one of the only products available for treating hard body pests
including lygus bug.
Crop yield losses. All of the experts surveyed indicated that the crop yield losses from a ban on
pyrethroid insecticides would be substantial for head lettuce production. This is confirmed with a
literature survey that notes the common pest pressure for head lettuce and associated pest
damage. Experts reported that direct crop yield loss for head lettuce could be as high as 25
percent. This is because pyrethroid insecticides are one of the only products that can reliably
eliminate lygus bug. Lygus bug feeding injury appears toward the bottom mid-rib area of the leaf
as brown holes which in turn render the crop unfit for market (both crop yield and crop quality
losses). Experts noted that lygus bug populations can be present in other crops, roadways,
ditches, and around lettuce fields, and as such require constant monitoring and immediate
treatment. Treatment with zeta-cypermethrin, permethrins, and lambda-cyhalothrin can
effectively control lygus bug (Joseph and Bolda 2016). Cabbage looper and other worms can be
effectively controlled with permethrin. Restricting pyrethroid use would lead to an increase in
these pests, resulting in direct crop yield losses for sections of the field affected by pest damage.


The estimated crop yield loss range for head lettuce based on the literature review and
expert survey is 15% - 25% per acre. Several experts emphasized the importance of
pyrethroid insecticides, which is also supported by the PUR data, and noted that yield
losses could be significantly higher than 25%. This study uses an average yield loss
potential of 25%. Average yield loss takes into account differences in fields that would
be only moderately affected, and those that would be a complete loss.

Crop quality losses. PCAs and other experts noted that quality losses are harder to estimate, but
banning pyrethroid insecticides could result in crop quality losses up to 10 percent. Growers and
PCAs noted that if crop quality impacts are significant, a grower may decide to till a crop back
into the soil rather than harvest it for market because saving the variable cost of harvesting would
provide a greater return than harvesting a damaged crop. In this case, the economic damage
would be reported as a crop yield loss and included under the crop yield losses reported above. In
contrast, crop quality losses result in lower prices, denial of purchase, and potential loss of
contracts.


The estimated crop quality loss range for head lettuce based on the literature review and
expert survey is 0% - 10% per acre. A lower-bound of zero is possible because PCAs and
other experts noted that crop quality losses may result in the entire loss of a field, and
this is already counted as a crop yield loss.

ERA Economics, LLC
21

California Specialty Crops Pyrethroid Benefits Analysis

Avoided cost of alternative insecticides. There are alternative insecticides that are available to
treat some of the pests that affect head lettuce production, although all experts noted that these
insecticides are not as effective or are more costly. This is confirmed by the empirical evidence
of pyrethroid insecticides being applied at a much higher rate than other insecticides, as shown in
the PUR data. Organophosphates and carbamates can target specific pests but are more costly
and cannot treat all pests. This is important because there is typically zero tolerance for pests in
head lettuce by processors, so it is common to treat fields to eliminate all pests before harvest.
Pyrethroid insecticides are effective at achieving this objective, but other insecticides are not.
PCAs also noted that that the material costs of the targeted insecticides are roughly three to five
times that of pyrethroid products. The additional cost is due to a combination of higher required
application rates and material cost. On average, the material cost of pyrethroid insecticide
applications equals $10 per acre. Alternative insecticides would cost approximately $40 per acre,
or four-times that of pyrethroid insecticides. In addition, there are higher labor costs that are not
included in this calculation.


The per-application material cost of alternative insecticides is $40 per acre, compared
with the pyrethroid insecticide cost of $10 per acre. Total treatments average 10-12 per
crop.

The literature review and industry expert survey finds that a pyrethroid insecticide ban would
cause a decrease in yields, decrease in crop quality, and increase in production costs for head
lettuce producers. Alternative insecticides on the market are targeted to specific pests but
efficacy is limited, field re-entry is delayed, and material costs are proportionally higher. The
following section quantifies the per-acre production benefits for head lettuce, and the broader
leafy greens crop category.
3.2.1

Economic benefits of pyrethroid insecticides to head lettuce

Table 2 summarizes the economic benefits of pyrethroid insecticides for head lettuce. The net
increase in production cost per acre under a pyrethroid ban equals $250. This includes alternative
insecticide material costs over all treatments expressed on a per acre basis. The crop yield loss
averages a significant 25 percent loss. This includes total field losses and partial crop damage.
The increase in farming risk is shown as a probability of covering cash production costs and the
coefficient of variation. The probability of not covering cash costs increases to 33% under a
pyrethroid ban. In other words, a pyrethroid ban would result in one-third of head lettuce
producers, on average, unable to cover the cash operating costs required to grow the crop.
Growers would consequently leave the industry as this cannot be sustained in the medium or
long run. The coefficient of variation increases four-fold under a pyrethroid ban in response to a
simultaneous decrease in mean return and increase in variability. Again, this is an extremely
costly impact that would likely cause growers to leave the industry over the medium and long
run. The change in net income (net return to land and management) per acre is the economic
benefit of pyrethroid insecticides, and equals $1,362 per acre. This synthesizes all of the crop
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yield, quality, and production cost benefits that pyrethroid insecticides provide to head lettuce
production.
Table 2. The economic benefits of pyrethroid insecticides for head lettuce
Representative crop:
Head Lettuce
Pyrethroid
Pyrethroid
Pyrethroid benefits
Metric
allowed
restrictions
($/acre)
Chemical cost increase
+$250 per acre
Yield loss

-

-25%

Probability of not covering
cash production costs

<5%

33%

Economic risk
(coefficient of variation)

54.2

222.8

$1,665

$303

Net income per acre

3.2.2

$1,362

Economic benefits of pyrethroid insecticides to leafy green crops

The analysis of head lettuce is extrapolated to the rest of the leafy greens crop category. The
value of pyrethroid insecticides varies across other leafy green crops due to differences in other
materials that are labeled for application to these crops, material cost, pest pressure, and location.
To control for these differences, the analysis establishes a pyrethroid benefit index that is used to
extrapolate to the other regions. The pyrethroid benefit index is calculated as the ratio of
pyrethroid insecticides applied to each of the crop category crops, normalized by the
representative crop, for each county and year. This index weights benefits for pyrethroid
insecticides (including fields with zero application) in proportion to their use in the other crops
over space and time.
Table 3 summarizes the harvested acres and farm gate production value of crops in the leafy
greens category. Head lettuce occupies the most acres and generates the highest production value
at nearly $1 billion dollars. Leaf and Romaine lettuce varieties are more valuable per unit, but are
produced on a smaller footprint. In total, the leafy greens category covers over 259,000 acres
statewide.
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Table 3. Leafy green crop category 2015 harvest acres and production value
Crop

Harvested acres Production value (Millions $)

Cabbage
Lettuce head
Lettuce leaf
Lettuce romaine
Lettuce misc.
Spinach

18,060
84,419
47,714
57,568
21,461
29,881

$161
$956
$499
$714
$244
$270

Total

259,103

$2,844

Experts reported that pyrethroid insecticide applications are largely similar across the leafy
greens crop category. Leaf and romaine lettuce, exceptionally high in value, typically apply
pyrethroid insecticides at the same frequency as head lettuce to prevent lygus bug, cabbage
looper, and similar pests. PCAs noted that spinach growers must cautiously apply pyrethroid
insecticides as some products can burn the leaves with overuse. Figure 4 illustrates the
application of pyrethroid insecticides to the other crops in the leafy greens crop category.
Applications to other leafy green crops are similar to head lettuce. A notable difference is that
(comparing to figure 2) that the other leafy greens crops require less esfenvalerate but more
lambda-cyhalothrin than head lettuce.
Figure 4. Total pounds of pyrethroid insecticides applied to leafy greens by AI, 2005-2015
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The pyrethroid benefits are extrapolated from head lettuce to the rest of the leafy greens crop
category using the pyrethroid index for each county over the 2005 to 2015 period. Figure 5
illustrates the total economic benefit that pyrethroids provide to the leafy greens crop category

ERA Economics, LLC
24

California Specialty Crops Pyrethroid Benefits Analysis

over the 2005 to 2015 period of record. Total annual benefits are between $288 and $407 million
per year.
Figure 5. Benefits of pyrethroid insecticides for leafy greens, 2005-2015
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Table 4 summarizes the total economic benefit of pyrethroid insecticides to leafy greens crops.
The average annual statewide economic befits equal $380 million, or approximately $1,300 per
acre. There is variability between counties depending on pest pressure and acreage in those areas
over time. Economic benefits represent the average annual benefit over all counties and over the
2005 – 2015 period of record.
Table 4. Leafy green economic benefits
Economic benefit
Leafy Greens
2005-15 total average ($millions)
$380
2005-15 per acre average
$1,326

The survey response by PCAs and other experts combined with the widespread and growing use
of pyrethroid insecticides in leafy greens production confirms that they are an essential
management tool for the cost-effective production of leafy greens in California. It is important to
note that California is the dominant producer of U.S. lettuce and leafy greens, with limited winter
supply from the Yuma region in Arizona. Given the remarkable costs of growing lettuce—in
terms of capital and labor requirements—and the effect on the probability of crop losses from a
pyrethroid ban, it is clear that a ban on pyrethroid use would be devastating for the California
leafy greens industry.
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4. Tree Nuts: Walnuts
The tree nut category includes walnuts, almonds, and pistachios. The representative crop for this
analysis is walnuts. Almonds are the dominant tree nut in California by acreage and value, but
the PWG requested an analysis of walnuts, as they are economically important and pyrethroid
benefits have not been previously analyzed. The analysis finds that pyrethroid insecticide use in
tree nuts is generally similar between almonds and walnuts, and that pyrethroid use is more
common in pistachio crops. Table 5 summarizes crops included in the tree nut category, common
pests, and common pyrethroid active ingredients.
Table 5. Tree nuts crop group
Representative crop Common pests
codling moth, walnut husk fly,
Walnuts
navel orangeworm, mites
Other crops
Common pests
Leaffooted plant bug, navel
Almonds
orangeworm, peachtree borer,
stink bugs
Leaffooted plant bug, navel
Pistachios
orangeworm, stink bugs, beetles

Common pyrethroid AI's
bifenthrin, permethrin, lambdacyhalothrin, esfenvalerate
Common pyrethroid AI's
bifenthrin, permethrin, lambdacyhalothrin, esfenvalerate
bifenthrin, permethrin, lambdacyhalothrin, fenpropathrin

California produces over 99 percent of the U.S. supply of walnuts. Walnuts are typically sold for
snack foods or for use as ingredients in baked goods and manufactured products. Domestic and
international demand growth has been strong in recent years. This demand growth has been
driven by effective marketing of health benefits and favorable terms of trade with Asian export
markets. Most walnuts for domestic markets are sold processed and shelled and a higher
percentage of exported walnuts are shipped in-shell. Approximately 58% of the walnut crop is
exported (Morecraft 2015).
Between 2007 and 2015 total walnut acreage increased by 33 percent to over 360,000 acres
statewide. Walnut acreage is spread over 27 counties, with San Joaquin, Butte, Tulare, and
Stanislaus accounting for approximately half of the total acreage. Figure 6 shows a steady
growth in walnut acreage over the last several decades. The growth in production is expected to
continue to increase in the short-term as second and third-leaf plantings continue to mature into
full bearing potential.
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Figure 6. Walnut harvested acreage and production value, 2005-2015
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Walnut prices surged between 2007 and 2014, with both domestic and international demand
outpacing supply. The steady rise in prices was sharply reversed in 2015 when prices dropped by
38 percent. The decrease in price was largely in response to lowered export demands partially
caused by the increasing the value of the dollar, increasing supply, and quality issues. Despite
this correction and an abundance of product on the market the gross value of the walnut market
exceeded $1.5 billion in 2015, and is expected to resume its previous growth as the fundamental
factors driving the growth in export and domestic demand are projected to continue. As long as
the middle class in Asia continues to grow, and the U.S. maintains open trade, the demand for
walnuts is likely to grow with it.
4.1 Pyrethroid Use in Nut Production
Pyrethroids are used in walnut production to treat specific pests as part of broader integrated pest
management. Experts emphasized that pyrethroids are used sparingly—particularly at the
beginning of the season—for two reasons. First, they are nonselective and thus kill beneficial
insects as well as pests. Secondly, they are often used in rotation with other insecticides to
minimize the build-up of resistance. Some experts mentioned that there are already signs of
resistance among Navel Orange worms, and all experts indicated that pyrethroids are used
sparingly to treat specific pests at specific times.
Nut crop pest densities vary with seasonal and regional weather conditions. Hot and dry years
typically encourage higher pest populations, with pests living in vegetation near orchards until all
nutrients are exhausted and then migrating into orchards. In contrast, cool and wet weather
cycles, such as 2017, are not as conducive to large pest populations since nutrients and water are
available from other sources and pests are less likely to migrate to the orchards. One exception is
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an increase in leaf footed plant bug populations in the wet and warm conditions in the winter of
2016.
Primary walnut pests include codling moth, navel orange worm, leaf footed plant bug, and the
walnut husk fly. The codling moth generally has three flight periods during the year in April,
June, and late August with larvae causing damage to the nuts (drop off for early-season
infestations) and meats (damage that is identified after harvest). Navel orange worms have
become increasingly aggressive in California in recent years, requiring approximately two
pesticide applications between split and harvest. The leaffooted bug was mentioned by several
experts as a major pest causing nut meat damage that is effectively controlled by pyrethroids.
Other experts noted that walnut husk fly outbreaks have been increasing in recent years. The
husk fly can cause significant losses even for in-shell export when larvae damage the walnut
husks. Experts reported that these different pests may require four to five treatments with
pyrethroid insecticides per year, on average.
The use of pyrethroids in walnut orchards is dependent on the pest pressures and the overall
integrated pest management plan. Pyrethroids are used as a reactive, rather than preventative,
treatment and are commonly applied jointly with other materials to reduce resistance and manage
flare-ups of other pests. For example, the loss of beneficial insects in the walnut orchard can also
cause a spike in mites and additional crop damage. All experts stressed the importance of using
more selective chemicals in the early season to preserve beneficial insects. In other instances,
pyrethroids will be mixed with a base product that attracts specific pests (e.g. walnut husk flies)
to increase the effectiveness of an application. Combined applications can result in variable cost
savings by using a low volume spray from a tractor instead of more costly aerial applications.
There has been a significant rise in total pyrethroid quantity and total applications over the past
five years in response to increasing walnut acreage. Figure 7 illustrates total pyrethroid
application to walnuts by AI between 2005 and 2015. Common pyrethroid products used in
walnut production include bifenthrin, cypermethrin, esfenvalerate, lambda-cyhalothrin. Material
costs for these products range from $70-$150 per gallon, with as little as two ounces per
application. In total, an application of pyrethroids costs approximately $10 to $15 per acre for
materials.
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Figure 7. Total pyrethroid pounds applied to walnuts by AI, 2005-2015
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Pyrethroid use in walnuts varies with pest pressure across different production regions in
California. Figure 8 illustrates total and per-acre application rates in the counties with the highest
pyrethroid use on walnuts between 2005 and 2015. As shown, there is an increasing trend in
pyrethroid use per acre in Stanislaus and San Joaquin counties and a decreasing trend in Butte
County. Differences between counties reflect different growing conditions in the Central Valley.
In particular, pyrethroid use per acre is lower for walnuts grown in the drier, hotter parts of the
Central Valley (Stanislaus and San Joaquin). Figure 8 also illustrates a significant spike in
pyrethroid use in 2012 and 2013 in Butte County, which according to experts interviewed was a
result of significant pest pressure in those years.
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Figure 8. Top counties total and per acre pyrethroid pounds applied to walnuts, 2005-2015
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Experts confirmed that pyrethroid insecticides are an essential and effective tool for the
integrated pest management of walnuts, but have to be used sparingly. They work exceptionally
well when used rotationally with other products. In addition, the broad-spectrum pyrethroids can
damage beneficial insects and cause flare-ups in other pest populations. It is common for walnut
pest management to include a variety of products in addition to pyrethroids.
PCAs and other experts noted that overuse of pyrethroid insecticides would lead to resistance
and decreased effectiveness moving forward. Many PCAs hope for additional research to
investigate stronger broad-spectrum and pest-targeted insecticides. Experts also noted the
importance of managing beneficial pests for tree nut crops.
4.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
A ban on pyrethroid insecticides would result in economic costs for walnut growers. Experts
indicated that crop yield and quality loses would likely be moderate, with the exception of
specific pests that require timely treatment.
Crop yield losses. Experts indicated that potential walnut yield losses from a ban on pyrethroid
insecticides would be between 2 and 20 percent. This is because uncontrolled pest pressures can
damage current and future yields of an orchard. For example, leaffooted plant bug damage in
orchards can cause an average of 8 percent yield loss, even if alternative insecticides are applied,
with legacy impacts for future crops. One PCA and grower who decided not spray at all stated
that his yield fell to 1,000 lbs. per acre from his historical average closer to 2,500 lbs. per acre.


The estimated crop yield loss range for walnuts based on the literature review and expert
survey is 5% - 30% per acre. This average takes into account differences in fields that
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would be only moderately affected, and those that would be a complete loss. A
conservative yield loss of 5% is used in this analysis.
Crop quality losses. Growers, PCAs, and other experts reported that quality losses are not
typically as detrimental to walnuts as they would be with other nut crops like almonds or
pistachios. However, there are exceptions. Without treatment, the husk fly will damage nut meats
and shells, affecting both crop yields and quality. Under extreme pressures this could equate to
an additional loss of up to 5 percent net profits due to reduced quality.


The estimated crop quality loss is 0-5% percent, taking into account yield losses that are
already included.

Avoided cost of alternative insecticides. Experts reported that a pyrethroid ban would
significantly complicate pest management options for nut crops, but other alternatives are
available. In many instances, acetamiprid, a potential alternative to pyrethroid products is used to
control pests such as the codling moth. It is a targeted insecticide that is less harmful to
beneficial insects. However, it is approximately two to three times the cost of pyrethroids. On
average, alternatives for pyrethroid insecticides cost $35-$45 per acre per application.


The per-application material cost of pyrethroid insecticides is $10 per acre, compared
with the pyrethroid insecticide cost of $35 per acre. Average annual application is 2-3
times per crop, thus the incremental increase in production cost equals approximately
$75 per acre.

The literature review and industry expert survey finds that a pyrethroid insecticide ban would
cause a decrease in yields, decrease in crop quality, and increase in production costs for walnut
producers. Alternative insecticides on the market are targeted to specific pests but efficacy is
limited, field re-entry may be delayed, and material costs are proportionally higher.
4.2.1

Economic benefits of pyrethroid insecticides to walnuts

A stochastic crop budget simulation of net farm income is developed to quantify the economic
benefits of pyrethroid insecticides for walnut production. The crop budget analysis highlights the
three key factors in the analysis: change in crop yield, crop quality, and changes in chemical cost
due to pyrethroid restrictions.
The economic cost of a pyrethroid ban is measured by changes in net farm income and the ability
to cover cash costs of production (e.g. risk). Estimated economic costs from a pyrethroid ban are
relatively modest with a loss of 5% from yield reduction and an additional $75 per acre in
operating costs. The total per-acre economic benefit of pyrethroid insecticides equals $372. In
addition, a pyrethroid ban does not change the probability of covering cash costs, but does
slightly increase the risk as measured by the coefficient of variation.
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Table 6. The economic benefits of pyrethroid insecticides for walnuts
Representative crop:
Walnut
Pyrethroid
Pyrethroid
Pyrethroid Benefits
Metric
allowed
restrictions
($/acre)
Chemical cost increase
+$75 per acre
Yield loss
-5%
Probability of not
covering cash
<1%
production costs
Economic risk
(coefficient of
25.9
27.6
variation)
Net income per acre
$3,420
$3,048
$372

4.2.2

Economic benefits of pyrethroid insecticides to tree nut crops

Almonds and pistachios are the other nut crops that fall into the high value tree nut category.
Pistachios generate less farm-gate revenue than walnuts, with 20 percent fewer acres and 40
percent lower total production value. Almonds account for most of the deciduous nut acreage in
California and are proportionally more valuable, with almost twice the acreage and three times
the production value of walnuts and pistachios combined.
Table 7. Nut category crop harvested acres and production value ($ in millions), 2015
Crop
Acres
Production Value (Millions)
Almonds 1,109,525
$7,224
Pistachios 291,340
$907
Walnuts
363,705
$1,569
Pyrethroids are an essential tool in tree nut production to minimize pest damage during the
production season. Industry experts interviewed for this study emphasized that it is important to
apply pyrethroids during the dormant and early season to prevent damage to the current crop
harvest. These applications depend on pest pressures from surrounding vegetation as growers
typically try to minimize applications to maintain beneficial insect populations. Because there
are limited cost-effective alternatives on the market, pyrethroids are an important management
option for tree nut producers in California.
Industry experts reported that pyrethroids are comparatively more important for pistachio
integrated pest management than walnuts or almonds. In the last few years a rare bug has
emerged in California called the false chinch bug. The bug aggressively attacks young pistachio
plantings and can wipe out entire orchards. Capital orchard establishment costs for pistachios
exceed $5,000 per acre, and trees typically do not yield significant production until 3rd or 4th leaf,
thus the cost of a chinch bug infestation would include the cost of lost revenue plus the cost of
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stranded capital investments. It was reported that alternative insecticides are much less effective
at treating this pest.
Walnuts, almonds, and pistachios are all affected by the leaffooted plant bug. The plant bug
damages nut meats by penetrating the shell, which can cause meats to shrivel and render the crop
unmarketable. PCAs and other experts interviewed noted that the leaffooted plant bug is one of
several bugs that is able to is able to penetrate hard shells and thus must be treated rapidly if any
infestation is detected.
Figure 9 illustrates common pyrethroid active ingredients applied to almonds and pistachios in
California between 2005 and 2015. Bifenthrin comprises a greater share of total annual
applications, replacing permethrin beginning in late 2007. Other AI include lamda-cyhalothrin
and esfenvalerate. In general, total applications have been increasing driven by the significant
expansion of tree nuts across the state.
Figure 9. Total pounds of pyrethroid insecticides applied to other nuts by AI, 2005-2015
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The pyrethroid benefits are extrapolated to the tree nut category using the pyrethroid index for
each county over the 2005 to 2015 period. Pyrethroid benefits have increased as the value and
acreage in tree nuts has expanded in recent years. That is, use per acre has been relatively stable
but total applications have been increasing in response to expanding acreage across the state. The
economic benefits of pyrethroids for tree nuts on a per acre basis are moderate, but the total
economic benefits are more significant because tree nuts are grown on millions of acres
statewide, and plantings continue to increase. Figure 10 illustrates the benefits for tree nut crops
between 2005 and 2015. Annual benefits have increased from $483 million in 2005 to nearly $1
billion as of 2015.
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Figure 10. Economic benefits for tree nuts, 2005-2015
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Table 8 summarizes the total economic benefit and per acre benefit of pyrethroid insecticides to
tree nut crops in California. As noted previously, the value per acre is moderate ($450) in
comparison to the per-acre gross revenues of a typical orchard (>$7,500), however these benefits
are spread over a wide acreage that may potentially apply pyrethroid insecticides. It follows that
the total annual benefit is more significant for this highly valuable industry in California,
averaging $681 million per year between 2005 and 2015. The benefits are expected to continue
to increase as the value and acreage planted to nut crops continues to increase over the near term.
Table 8. Tree nut economic benefits
Economic benefit
Tree nuts
2005-15 total average ($millions)
$681
2005-15 per acre average
$450
Pyrethroid insecticides are an important pest management alternative for high-quality and costeffective tree nut production in California. This industry is highly valuable and continuing to
expand as California continues to capitalize on favorable climate and resource conditions for tree
nuts, leading the U.S. and world in nut production. Although the per-acre benefits are moderate,
the statewide economic importance of pyrethroid insecticides is magnified due to the massive
scale of California’s nut industry.
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5. Grapes: Table Grapes
The grape crop category includes table grapes, raisins, and wine grapes.The representative crop
for the analysis is table grapes. Table 9 summarizes the representative crop, other crops included
in the analysis, common pests, and common pyrethroid insecticide active ingredients applied to
treat common pests. As shown, pests and pyrethroid active ingredients are similar across all
crops in this category.
Table 9. Summary of the grape crop category
Representative crop
Common pests
black widow spider, thrips, worms,
Table Grapes
sharpshooters, leafhoppers
Other crops
Common pests
black widow spider, thrips, worms,
Wine Grapes
sharpshooters, leafhoppers
black widow spider, thrips, worms,
Raisin Grapes
sharpshooters, leafhoppers

Common pyrethroid AI's
Fenpropathrin, betacyfluthrin
Common pyrethroid AI's
fenpropathrin, bifenthrin,
cyfluthrin
fenpropathrin, betacyfluthrin

Raisins, table grapes, and wine production in California generate $6 billion in farm-gate value as
of 2015. Wine grapes comprise 47 percent of the total value for this crop category, table grapes
comprise 37 percent, and raisins constitute the remaining 14 percent. Table grape and raisin
production is primarily located in the southern San Joaquin Valley. Wine grapes are produced
throughout the San Joaquin Valley, the Central Coast, the greater Napa and Sonoma region, with
limited production in the Sierra foothills and Southern California.
Figure 11 illustrates trends in California table grape acreage and value between 1995 and 2015.
Table grapes generate over $2 billion in farm-gate production value annually. Acreage and value
in table grape production had been relatively stable between 1995 and 2012. Kern County data
show that acreage and value increased starting in late 2011 which is in part driving the statewide
trends in those years.
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Figure 11. California table grape harvested acres and farmgate value, 1995-2015
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Table grape production is located in the warmer inland San Joaquin Valley and Southern
California regions, with just over 110,000 acres planted statewide in 2015. Table grape
production in Southern California counties is generally limited, with over 90 percent of harvested
acres in located in Kern, Fresno, and Tulare counties.
5.1 Pyrethroid Use
Pyrethroid insecticides are generally used more sparingly in grape production (table, wine, and
raisin) relative to other crops. Within the grape crop category pyrethroids are applied more
frequently to table grapes than raisins or wine grapes. This is because table grapes are sold for
fresh market, whereas wine grapes are washed and fermented in the wine making process and
thus are less susceptible to pests.
Food and worker safety concerns are an important factor determining pyrethroid insecticide
applications in table grapes. Common pests include black widows, other spiders, thrips, leaf
hoppers, and sharpshooters. Black widows and other spider species are a harvest and handling
issue. If a worker is bit by a spider in the field the contractor will remove all workers, which will
immediately stop harvest. If a black widow or harmful spider is found in an export shipment, the
entire shipment is rejected. Both of these outcomes can result in loss of market share and
significant long-term economic costs, thus treatment of table grapes with insecticides prior to
harvest is essential.
Experts reported that table grape pests will migrate from surrounding agricultural fields. Flower
thrips are a common table grape pest. In recent years, table grape growers in the Delano area
have reported increased populations of citrus thrips migrating from citrus crops. Thrips can scar
the fruit, causing crop quality losses, and larvae can damage the crop resulting in yield losses.
Experts noted that the pyrethroid active ingredient fenpropathin is effective at eliminating thrips.
Figure 12 illustrates the breakdown of pyrethroid insecticide application to table grapes by AI
between 2005 and 2015. The annual use fluctuates in response to pest pressure, consistent with
feedback from industry experts that pyrethroid insecticides are typically applied in response to
pest pressure and are not a standard part of integrated pest management (with the exception of
treatment for spiders). The number one pyrethroid active ingredient used in table grape
production is fenpropathrin, accounting for over 80 percent of the total by application volume.
Other active ingredients include pyrethrins and beta-cyfluthriun. Several experts noted that the
Danitol (fenpropathrin) insecticide-miticide mix provides broad-spectrum coverage and protects
against subsequent mite flares, which is consistent with the PUR data that shows fenpropathrin is
the dominant active ingredient applied to table grapes.
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Figure 12. Total pyrethroid applications to table grapes, by county 2005-2015
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Figure 13 illustrates the breakdown of pyrethroid application to table grapes across the three
counties with the highest application rates. Application rates—both total and per acre—are
largely similar across Kern, Tulare, and Fresno counties between 2005 and 2015. This is
consistent with less frequent applications in response to pest pressure and applications prior to
harvest.
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Figure 13. Total and per acre pyrethroid applications to table grapes, by county 2005-2015
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5.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
Pyrethroids are primarily used to prevent pests from harming fruit, improving worker safety, and
minimizing export pests. Pyrethroid insecticides are not critically important for table grape
cultivation—table grapes would continue to be produced at similar yields—but worker safety
and export market restrictions are important considerations.
Thrips and black widows are two of the primary pests treated with pyrethroids in table grape
production. Flower thrips will suck on the fruit causing direct crop damage and yield loss. In one
example, a PCA explained how some growers will inter-plant within vineyards to help with
water transfer and to improve soil nutrients. However, one of the potential risks of inter-planting
is increased pressure from thrips that develop in the inter-planted crops. When the crop begins to
dry, the thrips will migrate to the fruit on the vines and must be treated. Pyrethroid insecticides
are an effective option. In another example, Fresno County growers producing near citrus
orchards have reported increased pest pressure from citrus thrips migrating from nearby citrus
crops. Citrus thrips can cause more damage than flower thrips, but are effectively treated with
pyrethroids.
Black widows are another troublesome pest in table grapes. Spiders do not pose a risk to the
fruit, but they do create a worker safety issue. Some growers use farm labor contractors to
harvest their table grapes. Workers are not allowed to enter fields if there are black widows. If a
worker is bitten by a black widow the crew would leave the field and it would be extremely
difficult for the grower to hire new labor to finish harvesting before the fruit rots. In addition, if a
black widow or other spiders are present in grapes provided to a buyer, they are likely to reject
the entire shipment. These cases are uncommon but when they occur it can result in direct
economic losses to the grower in addition to worker safety risks. A casual Google search finds
several instances of consumers finding black widow spider in table grapes purchases from their
local grocery store. This is an unwelcome surprise and generates negative press.
PCAs noted that there are some effective alternatives to pyrethroid insecticides including
carbamates and flupyradifurone. Carbamates have higher human toxicity than pyrethroids and
are typically applied at a higher rate, which leads to higher production costs. Experts reported
that these alternatives effectively control thrips and leaf hoppers, but pyrethroids are the
preferred alternative.
Crop yield losses. It is unlikely that there would be significant crop yield losses in table grapes if
pyrethroids are banned. The most significant yield loss risk is if shipments are rejected due to
pest, or if fields cannot be harvested due to worker safety issues. The experts interviewed for this
analysis indicated that yield losses—including risk of losing a shipment—would be less than
three percent.


Yield losses could range from 0-3% including the probability of shipment rejects and
direct crop losses. The benefit analysis uses a 3 percent yield loss.

ERA Economics, LLC
38

California Specialty Crops Pyrethroid Benefits Analysis

Crop yield losses. Table grape crop quality losses are also expected to be minor under a ban on
pyrethroid insecticides. PCAs noted that thrips and other hard body pests can affect grape quality
depending on pest pressure, climate, and growing season. Quality loses could be as much as 5
percent.


The estimated crop quality loss range for grapes based on the literature review and expert
survey is 0% - 5% per acre.

Avoided cost of alternative insecticides. Effective alternatives to pyrethroid insecticides
include carbamates and flupyradifurone. The average increase in production cost, taking into
account average annual applications, active ingredient, and material cost equals $54 per acre.


The total cost of insecticide treatment increases by $54 per acre due to the higher cost of
alternative insecticides.

The literature review and industry expert survey finds that a pyrethroid insecticide ban could
cause small yield and quality losses and negligible increases in production costs for table grape
producers. The following section quantifies the total and per acre production benefits of
pyrethroid insecticides for table grapes.
5.2.1

Economic benefits of pyrethroid insecticides to table grapes

A stochastic crop budget simulation of net farm income is developed to quantify the economic
benefits of pyrethroid insecticides for table grape production. The farm budget analysis
highlights the three key factors in the analysis: change in crop yield, change in crop quality, and
change in operating (material) production costs. The economic benefit is defined as the
incremental change between the baseline case and the case where pyrethroid insecticides are
banned.
Table 10 summarizes the economic benefits of pyrethroid insecticides for table grape production.
Per acre material costs increase by $54 per acre and average annual yields decrease by 3%. The
net benefit per acre—taking into account standard variability in farm net income—equals $356.
This results in a negligible change in the coefficient of variation (0.7 percentage points) and no
change in the probability that a grower is able to cover cash operating costs.
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Table 10. The economic benefits of pyrethroid insecticides for table grapes
Representative crop
Table Grapes
Metric
Chemical cost increase
Yield loss
Probability of not
covering cash
production costs
Economic risk
(coefficient of variation)
Net income per acre

5.2.2

Pyrethroid
allowed
-

Pyrethroid
restrictions
+$54 per acre

-

-3%

<1%

<1%

23.2

23.9

$6,477

$6,121

Pyrethroid benefits
($/acre)

$356

Economic benefits of pyrethroid insecticides to grape crops

The analysis of table grapes is extrapolated to wine grapes and raisins. Table 11 illustrates the
harvested acreage and value of production for wine grapes, table grapes, and raisins. Wine
grapes represent over 47 percent of the value in total grape production and over 60 percent of
irrigated acreage in California.
Table 11. Broader grape crop category harvested acres and production value (2015)
Crop
Harvested acres Production Value ($millions)
Table Grapes
114,315
$2,340
Raisin Grapes
179,000
$875
Wine Grapes
558,042
$2,848
Other Grapes (unspecified)
13,961
$54
The patterns of pyrethroid applications for 2005 to 2015 are very similar across table grapes and
wine grapes. Treatment of table grapes with pyrethroid insecticides is more common than on
wine grapes. This is largely due to zero tolerance for black widows in grape clusters (Bettiga
2013). Figure 14 illustrates total pyrethroid AI applied between 2005 and 2015 to grapes. Total
pyrethroid use in grapes has been declining over the last decade. This is in contrast to increasing
applications for table grapes, which as explained earlier, use these insecticides for black widow
management.
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Pounds of pyrethroid AI

Figure 14. Pyrethroid applications for grapes, 2005-2015
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The pyrethroid benefits are extrapolated to the grape crop category using the grape crop
pyrethroid index for each crop and county over the 2005 to 2015 period. Figure 15 illustrates the
total benefits of pyrethroid insecticides to the grape crop group. Table grapes use pyrethroids
more frequently to treat for pests prior to harvest. In contrast, wine grapes—representing
significantly more value and acreage statewide—use pyrethroid insecticides less frequently to
knock down sporadic pests. The average annual economic benefits of pyrethroid insecticides are
largely stable, between $100 and $150 million per year during the 2005 – 2015 period of
analysis, with a significant share (greater than 80%) of benefits attributable to table grape
production.

Economic Benefit ($ Millions)

Figure 15. Economic benefits of pyrethroid insecticides for grapes, 2005-2015
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Table 12 summarizes the total economic benefit of pyrethroid insecticides to the grape crop
category, including raisins, wine, and table grapes. In total, the average annual economic benefit
equals $162 million or $196 per acre. The per-acre benefits of pyrethroid insecticides for grape
crops are less than other crops because grapes are typically unaffected by pests that require
pyrethroid insecticides, and there are effective alternatives. However, PCAs did note the
importance of having access to a broad-spectrum insecticide in the event of unexpected new
pests or flare-ups. Economists refer to this value as the risk-offset value, but it is not quantified
in this analysis.
Table 12. Grape economic benefits
Economic benefit
Vineyards
2005-15 total average ($millions)
$162
2005-15 per acre average
$196
The grape crop category benefits modestly from pyrethroid insecticides on a per-acre basis.
According to the industry experts interviewed for this analysis there are effective alternatives and
pest pressure that would require the use of pyrethroids is generally limited. These findings are
supported by the peer-reviewed literature and the pyrethroid use for the grape crop category in
the PUR data.
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6. Berries: Strawberries
The berry crop category includes strawberries and other berries with similar pest control
properties. The category is dominated by strawberries which are planted on significantly more
acreage and are of higher total value than the other berries. Table 13 summarizes the berry crops
included in the analysis, common pests, and common pyrethroid active ingredients.
Table 13. Summary of the berry crop category
Representative crop
Common pests
lygus bug, beetles, spotted wing
Strawberries
drosophila, thrips, worms
Other crops
Common pests
leafhoppers, mites, beetles, spotted
Blackberries
wing drosophila
Blueberries
Boysenberries
Raspberries

Thrips, spotting wing drosophila
leafhoppers, mites, beetles, spotted
wing drosophila
leafhoppers, mites, beetles, spotted
wing drosophila

Common pyrethroid
fenpropathrin, bifenthrin,
pyrethrins
Common pyrethroid AI's
cypermethrin, bifenthrin,
fenpropathrin
fenpropathrin, bifenthrin,
pyrethrins
bifenthrin, fenpropathrin
fenpropathrin, beta-cyfluthrin

California and Florida are the top strawberry producers in the U.S., with California producing
over 90 percent of the U.S. strawberry crop (USDA 2016). California strawberries are typically
in the top 10 California crops by export value, topping over $400 million in 2014 to export
markets spanning from Asia to the Middle East. Of total U.S. strawberry exports—around $80
million—California contributes over 85 percent.
California’s cool coastal climates support nearly year-round harvesting and production of
strawberries. Production in other regions is typically limited to the winter (Florida) or early
summer months (rest of U.S.). Pests and disease are a significant factor in strawberry production,
with growers typically managing both insecticide applications and crop rotations to prevent
costly crop damage. Strawberries are often rotated with broccoli, lettuce, and other leafy greens
in the Salinas Valley to improve soil fertility and break pest cycles.
Strawberries generate significant economic value on a relatively small land footprint. The gross
farm-gate value of production equals $2.4 billion annually on 35,000 irrigated acres. Production
in the Salinas Valley and other regions in California had steady increased to almost 40,000 acres
by 2015 but has recently decreased to 35,000 acres due to regulatory and economic and labor
supply issues. Improvements in genetics, pest management, and cultural practices have resulted
in yields increasing at a steady rate. Growth in the domestic and export markets has sustained
strong prices even as productivity and acreage expansion continues to increase supply.
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Figure 16. California strawberry harvested acres and production value ($ millions), 19952015
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The California coastal region is prime strawberry growing territory due to the mild climate,
environment, and the natural resources available. Monterey and Ventura County lead strawberry
production with 12,600 and 11,200 acres harvested in 2015, respectively. Together they account
for 59 percent of the statewide acreage. Santa Barbara, San Luis Obispo, and Santa Cruz round
out the top producing California counties with approximately 14,000 acres of production.
6.1 Pyrethroid Use
Pyrethroid insecticides are an extremely valuable tool for strawberry integrated pest
management. The literature review and the experts interviewed for this study confirmed that
pyrethroids are used throughout the strawberry production cycle, and in coordination with other
chemicals. A ban on pyrethroid use would have devastating consequences in terms of crop
quality, yield, and production costs that would negatively affect California’s strawberry industry.
Common strawberry pests include thrips, lygus bug, and spotted wing drosophila. Thrips feed on
the berries, piercing the fruit and creating a bronzing effect (russeting) on fruit color that is
undesirable. Lygus bugs disrupt the flower and fruiting process, where their feeding causes
misshaped and deformed strawberries (cat-facing). Lygus bug damage can be significant,
resulting in crop quality and yield losses with significant economic costs (Zalom et al 2012;
Shimat and Bolda 2016). The spotted wing drosophila lays eggs in hard fruit that can hatch and
cause entire shipments to be rejected. Several PCAs interviewed recalled when the spotted
winged drosophila first affected Central Coast strawberry production because it was hard to
detect as eggs would hatch after harvest. This would cause crop losses after harvest, even on the
shelves in stores. PCAs quickly identified pyrethroid insecticides as an effective treatment
method that must be applied early to prevent the damage that occurs once eggs are laid.
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Strawberry production is characterized by a long harvest season and a short harvest interval for
ripe fruit. Pyrethroid insecticides have the advantage of short pre-harvest and field re-entry
intervals due to their low human toxicity. This is desirable for growers trying to prevent quality
losses from cosmetic imperfections that are very important for strawberries where consumers
demand bright red, well-shaped fruit. Short field re-entry periods allow workers to safely enter
fields within 2 days of treatment and continue field management. Since strawberries are
harvested multiple times per week the pre-harvest and field re-entry intervals are economically
important. Delaying this process will result in direct crop yield and quality losses and higher
production costs.
The experts surveyed for this study stated that pyrethroids are typically applied 2-6 times per
crop. This includes spring pre-applications, however most applications are concentrated in the
second half of the growing season and are location specific since pyrethroids are used in
response to pest invasions and atypical hot weather outbreaks. Experts noted that many of the
crop losses occurred due to fruit quality degradation. Figure 17 illustrates trends in pyrethroid
applications to California strawberry crops over the 2005 – 2015 period of record, This includes
pyrethrins which have been increasing in use in recent years, in part for use in organic
production. Several PCAs described using pyrethrins, fenpropathrin, and bifenthrin in
combination to manage a range of pests and prevent resistance.
Figure 17. Total pounds of pyrethroids applied to strawberries, by AI 2005-2015
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Figure 18 illustrates total pyrethroid application and application per acre for the top strawberry
producing counties in California. It is noteworthy that trends are similar, showing a slight
positive increase, but there are pronounced spikes in some regions in some years. These spikes
are driven by the dominant reason for pyrethroid use in strawberry production, namely in
combating pest invasions and atypical weather conditions. This results in differences in the
economic benefits of pyrethroid insecticides across counties and over time.
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Figure 18. Total pounds of pyrethroids applied to strawberries per acre and total, 20052015
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Growers, PCAs, and industry experts interviewed all indicated that pyrethroid insecticides are an
essential and effective tool for the integrated pest management of strawberries. This is confirmed
with the PUR data and peer reviewed research.
Resistance to pyrethroids is an important consideration when PCAs select pest management
approaches. Several PCAs mentioned they were reluctant to use pyrethroids since their broadspectrum action killed many beneficial insects and often led to outbreaks of mites after the use of
pyrethroids. One way of combating this is to combine pyrethroids with miticides. In the longer
term, PCAs and other experts noted that overuse of pyrethroid insecticides would lead to
resistance to pyrethroids and decreased effectiveness in the future. Several PCAs expressed the
hope for additional research to investigate stronger broad-spectrum and pest-targeted
insecticides.
6.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
Experts agreed that banning pyrethroid use on strawberry crops would cause devastating crop
yield and quality losses, and increased production costs. Alternative insecticides have
significantly higher human toxicity, resulting in delayed field re-entry and harvest time. This
causes significant economic losses due to the continuous level of hand harvesting of strawberries
required during the growing season. All of these factors increase production costs, which results
in a direct loss to strawberry growers.
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The alternatives to pyrethroid insecticides are much more toxic to humans and create additional
production risks. Organophosphates and carbamates have much higher toxicities than their
pyrethroid counterparts. PCAs and other industry experts noted that there are additional reporting
requirements that do not apply to pyrethroids, and can significantly increase production costs.
Alternative insecticides also have a higher material cost than pyrethroids. Pyrethroids average
around $12 per acre per application, whereas alternative insecticides can range from $45 to $70
per acre per application.
Crop yield losses. The analysis finds that that strawberry yield loss could be as high as 20
percent, on average, under a restriction on pyrethroid applications. This impact ranged from 10
percent to 30 percent across experts interviewed. All experts noted that without treatment, thrips,
worms, spotted wing drosophila, and lygus bug would cause significant crop damage.


The estimated crop yield loss range for strawberries based on the literature review and
expert interviews is 10% - 30% per acre. This average takes into account differences in
fields that would be only moderately affected, and those that would be a complete loss.
The average crop yield loss used in this economic benefits analysis equals 15%.

Crop quality losses. The cost of reduced crop quality that would occur without the use of
pyrethroids was noted by all experts. Fruit damage includes fruit discoloration, shape distortion,
or the existence of larvae within the fruit. Some of these quality defects can cause rejection of the
entire harvested crop after the expenses of both raising and harvesting it have been incurred.
Some of these impacts are already included under expected crop yield losses.


The estimated crop quality loss range for strawberries based on the literature review and
expert survey is 0% - 5% per acre. A lower-bound of zero is possible because PCAs and
other experts noted that crop quality losses may result in the entire loss of a field, and
this is already counted as a crop yield loss.

Avoided cost of alternative insecticides. Organophosphates and carbamates are more expensive
and more toxic alternatives to pyrethroid insecticides. These insecticides require additional
reporting, delay of field re-entry, have stricter residual tolerances, and delay harvest time. All of
these factors increase production costs. Material costs would increase from $12 per acre per
application to as much as $70 per acre per application.


The per-application material cost of alternative insecticides increases by $148 per acre
under a pyrethroid ban. This includes an average of 2-6 applications per crop, but does
not include additional labor requirements. Any crop losses from delayed field re-entry
are included under crop quality or yield losses.

The literature review and industry expert interviews finds that a pyrethroid insecticide ban would
cause a significant decrease in yields, decrease in crop quality, and increase in production costs
for strawberry producers. Alternative insecticides on the market are targeted to specific pests but
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efficacy is limited, field re-entry is delayed, and material costs are significantly higher. The
following section quantifies the per-acre production benefits for strawberries and other berries.
6.2.1

Economic benefits of pyrethroid insecticides to strawberries

A stochastic crop budget simulation of net farm income is developed to quantify the economic
benefits of a ban on pyrethroid insecticides for strawberry production. The budget analysis
highlights the three key factors in the analysis: change in crop yield, change in crop quality, and
change in operating (material) production costs. The economic benefit is defined as the
incremental change between the baseline case and the case where pyrethroid insecticides are
banned.
Table 14 summarizes the economic benefits of pyrethroid insecticides for strawberries. The gross
revenues from strawberry production in California usually amount to $60,000 per season per
acre. Given this extraordinary value of product, the effect of a 15% average yield loss is
remarkable. Table 14 shows increases of $148 per acre in insecticide material cost but the
reduction in the returns to land and management from $4,022 to $532 is extraordinary. In
addition, the loss of 15% of yield completely changes the risk structure of strawberry production.
The probability of not covering the substantial cash costs involved in raising and harvesting the
crop (more than $55,500) increases remarkably from <5% to 32%. In addition the economic risk
is measured by the coefficient of variation net returns increases by a factor of 6.7 (over 200
percentage points). Combining the loss of net return to land and management with a significant
increase in risk, it is no exaggeration to say loss of pyrethroids—resulting in these 15% yield
losses—would be devastating to the California strawberry industry.
Table 14. The economic benefits of pyrethroid insecticides for strawberries
Representative crop:
Strawberries
Metric
Chemical cost increase
Yield loss
Probability of not
covering cash
production costs
Economic risk
(coefficient of
variation)
Net income per acre

6.2.2

Pyrethroid
allowed
-

Pyrethroid
restrictions
+148 per acre
-15%

<5%

32%

36.2

244.2

$4,222

$532

Pyrethroid benefits
($/acre)

$3,690

Economic benefits of pyrethroid insecticides to berry crops

The analysis of strawberries is extrapolated to other regions and other berry crop production. The
berry crop category is dominated in acreage in value by strawberries. Other berries are generally
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produced in the same regions as strawberries and comprise a small share of total acreage and
value.
Figure 19 illustrates trends in pyrethroid insecticide use in other berry crops in California
between 2005 and 2015. Comparing to Figure 18, above, applications to other berries are a much
smaller share of pyrethroid use relative to strawberries. Pyrethroid insecticide use has been
increasing at a moderate rate over the last decade, with the exception of a significant increase in
applications in 2010. The spike in cypermethrin in 2010 was largely applied to blueberries in
response to significant thrips pressure in that year.
Figure 19. Total pounds of pyrethroid insecticides applied to all berry crops, 2005-2015
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The economic benefits of pyrethroid insecticides are extrapolated to the berry crop category
using the pyrethroid index for each county and crop over the 2005 to 2015 period. Figure 20
illustrates the total economic benefit of pyrethroids to the berry crop category. Benefits have
been increasing in recent years following the market expansion of berry crops and increasing
pyrethroid use. The annual benefits have increased from $122 million in 1995 to $159 million in
2015.
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Economic benefit ($ millions)

Figure 20. Economic benefit of pyrethroids for all berries, 2005-2015
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Table 15 summarizes the total economic benefits of pyrethroids to California berry crops. The
average annual benefit to the berry industry equals $143 million. On a per acre basis this equals
$3,071. It is important to highlight the significant economic value that pyrethroid insecticides
provide to the berry industry. Although the footprint of the industry is small, the total benefits
per acre (nearly $3,100) are remarkable.
Table 15. Berry economic benefits
Economic benefit
2005-15 total average ($millions)
2005-15 per acre average

Berries
$143
$3,071

The survey response by PCAs and other experts combined with the widespread and growing use
of pyrethroid insecticides in berry production confirms that they are an essential management
tool for the cost-effective production of strawberries in California. Berry production is
characterized by short growing seasons and a continuous harvest that is supported by intensive
labor inputs. The short field re-entry period and post-harvest intervals of pyrethroids are
essentially for preventing significant crop damage. Similar to lettuce and other leafy greens—
which are commonly rotated with strawberries—strawberries are susceptible to a range of pests
that can cause significant crop damage. A ban on pyrethroids would likely cause significant
structural shifts in California’s berry industry, ancillary industries, and rural economies.
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7. Tomatoes: Processing Tomatoes
The tomato crop category primarily includes processing tomato production in California. It does
not include all fresh vegetables because a preliminary analysis of PUR data and interviews with
industry experts found that it is not appropriate to approximate economic benefits of pyrethroid
insecticides to all vegetable crops using processing tomatoes as a representative crop. There are
differences in cultural practices, production regions, and pests that vary across California. Table
16 summarizes the tomato crop category, common pests, and common pyrethroid active
ingredients.
Table 16. Summary of the tomatoes crop category
Representative crop
Common pests
lygus bug, beetles, spotting wing
Processing Tomatoes
drosophila, thrips, worms
Other crops
Common pests
leafhoppers, mites, beetles,
Fresh Tomatoes
spotted wing drosophila
Cherry Tomatoes

Thrips, spotting wing drosophila

Tomatillos

leafhoppers, mites, beetles,
spotted wing drosophila

Common pyrethroid AI's
bifenthrin, lambda-cyhalothrin,
esfenvalerate, permethrin
Common pyrethroid AI's
bifenthrin, fenpropathrin,
cypermethrin, esfenvalerate
bifenthrin, fenpropathrin,
cypermethrin, esfenvalerate
beta-cyfluthrin, permethrin

California tomato production is either for fresh market or processing. Fresh market tomatoes are
handpicked and sold on the fresh market and processing tomatoes are machine harvested and
generally sold under contract for the processing of tomato sauces, pastes, and other products.
Approximately 75 percent of U.S. tomato consumption is from processed products (AGMRC
2017). U.S. per capita tomato consumption has been declining over the last 20 years, down from
90 pounds per capita in 1995 to approximately 80 pounds per capita in 2015 (USDA 2016).
California production of processing tomatoes has been increasing in recent decades. Despite a
series of drought years from 2013 to 2015, production of processing tomatoes has grown steadily
from 10 million tons in 2006 to 14.3 million tons in 2016 (CDFA 2016). There has been a steady
increase in the yield of processing tomatoes driven by improvements in pest management and
production technology. Statewide acreage is relatively constant, hovering around 300,000 acres.
Gross farm-gate value has been increasing over the last several decades, reflecting stronger
prices and higher productivity. In comparison, fresh market tomato acreage has averaged 22,000
acres over the 20-year timeline. The farm gate value of production for processing tomatoes
currently equals $1.3 billion. The stability in contract prices over the past two years is a unique
transformation from the prior situation of cyclical prices from 1995-2013, often reflecting
changes in supply.
Figure 21. Processing tomatoes harvested acres and farm-gate value, 1995-2015
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Processing tomatoes are grown all over California’s Central Valley, with prominent production
occurring in Fresno, Yolo, San Joaquin, and Kings Counties. Fresno County alone accounted for
over 30 percent of the total producing acreage as of 2015. Processing tomatoes are planted in the
late spring and early summer with contracted fields staggered so that California’s 20 processing
plants are able to manage processing throughput. In total, California produces approximately 95
percent of U.S. processing tomatoes, accounting for nearly 30 percent of global production
(AGMRC 2017). The increased yield from improved production technologies and integrated pest
management programs continue to support this strong, stable, and growing agricultural industry.
7.1 Pyrethroid Use
The hot, dry climate of the Central Valley encourages pest populations surrounding agricultural
fields to migrate towards planted fields when surrounding vegetation no longer provides
necessary nutrients. Experts noted this is a problem for processing tomato production. Pyrethroid
insecticides are one of the most effective ways growers can combat these pest infestations in
tomato fields prior to harvest. There is typically a higher tolerance for pest damage to processing
tomatoes relative to other fresh market vegetables. However, PCAs and industry experts noted
that pests can damage crops and spread disease causing severe economic damage to tomato
crops.
Common processing tomato pests include stink bugs, lygus bug, leafhoppers, worms, thrips and
other hard-bodied insects. Stink bugs and lygus bug are known for stabbing the fruit to secrete
nutrients, leaving scars and pathogens that cause fruit decay, in turn causing direct yield loss
from crop damage and the potential spread of disease (IPM 2017). PCAs interviewed noted that
thrips may cause moderate direct crop damage but spread diseases including tomato spotted wilt
and mosaic virus and thus must be quickly eradicated if found to be present in fields. Diseases
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and crop scarring can have detrimental effects on total production yield and quality. All PCAs
and experts interviewed confirmed that pyrethroid insecticides are the first choice for managing
these pests.
Many experts stated that they are most concerned about pest mobility in tomatoes, both locally
and regionally. PCAs have observed thrips moving between tomato fields in a matter of hours,
which means that growers must be diligent about responding to outbreaks quickly. Similarly,
new pests can spread quickly throughout the region. The brown spotted stink bug was first
identified near Sacramento and is now becoming a significant pest throughout the Delta region
and as far south as Modesto (CISR 2017).
Pyrethroids are applied more frequently during the latter half of the tomato production season.
Pesticides with a narrower range of effect are used during the early season to preserve beneficial
pests (except for fresh market pole tomatoes which use pyrethroids more often and earlier).
Processing tomato PCAs tend to wait until later in the season when both hot summer months and
drier years stimulate pest invasions that makes the use of broad-spectrum pesticides such as
pyrethroids more effective and less damaging to beneficial insects. On average, tomato growers
apply pyrethroids one to five times as summer and fall harvest approaches. The cost of the
applications ranges from $8 to $15 per acre depending on the active ingredient.
There are several pyrethroid active ingredients used to combat processing tomato pests. Figure
22 illustrates common pyrethroid active ingredients applied to processing tomatoes, including
bifenthrin, lambda-cyhalothrin, esfenvalerate, and permethrin. These four active ingredients
accounted for 87 percent of the total processing tomato pyrethroid applications in 2015. Total
pyrethroid applications in processing tomatoes have doubled over the last decade, with bifenthrin
accounting for over half of the applications after first being introduced in 2007. As noted above,
this doubling of the use of pyrethroids has occurred over the same interval as the remarkable
increase in processing tomato yields per acre. It is not possible to say what portion of this
increased yield is due to the greater level of pest-control from increased pyrethroid use per acre.
Figure 22 shows that a large proportion of this increase in the use of pyrethroids was
concentrated in a single product, namely bifenthrin.
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Figure 22. Total application to processing tomatoes of pyrethroid active ingredients, 20052015
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Figure 23 illustrates pyrethroid use in processing tomatoes in the three counties with the highest
total applications. The wide swings in total use in the southern counties of Fresno and San
Joaquin is consistent with expert feedback that pyrethroid use in processing tomatoes is
associated with hotter and drier conditions at the end of the growing season, and not a standard
part of the production process. Both Fresno and San Joaquin have more processing tomato
acreage and pyrethroid use relative to Yolo County. The recent increase in pounds of pyrethroid
active ingredient applied in Fresno County is primarily due to greater production, as application
rates have remained stable on a per acre basis, while San Joaquin and Yolo have more variability
in applications due to changes in pest pressures. The two counties in the hotter parts of the state
(Fresno and San Joaquin) have shown a fluctuating but higher level of pyrethroid use per acre for
processing tomatoes.
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Figure 23. Total pyrethroid applications and per acre for top producing counties for
processing tomatoes, 2005-2015
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Growers, PCAs, and industry experts interviewed all indicated that pyrethroid insecticides are an
essential and effective tool for the integrated pest management of processing tomatoes.
Pyrethroids are part of an arsenal of pesticides that were used in combination with each other to
respond to rapid infestations and prevent resistance to alternative insecticides
(organophosphates) and pyrethroids.
Experts reported that they are concerned about pest resistance to pyrethroids. They actively work
to prevent overuse of pyrethroid insecticides that could cause resistance and decreased
effectiveness moving forward. Many PCAs hope for additional research to investigate stronger
broad-spectrum and more pest-targeted insecticides.
7.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
Pyrethroid insecticides are applied in response to pest invasions which usually occur later in the
growing season and under warm, dry climate conditions. Several experts noted that beetles were
very mobile and can sometimes be seen migrating from recently harvested fields into adjacent
processing tomato fields. In situations such as this a rapid broad-spectrum pesticide is required to
knock down these invasions. The cost of pyrethroids applied to processing tomatoes (both with
the ingredient and in the application system) are relatively low, making them a cost-effective
option for preventing yield and quality losses caused by pest damage. Fresh market tomato
producers value the rapid reentry time for pyrethroids and relatively low human toxicity.
Crop yield losses. All experts indicated that the crop yield losses from a ban on pyrethroid
insecticides would be moderate. A pyrethroid ban could cause an average of ten to twenty
percent of crops could be lost from pest scarring, molding, and diseases. One respondent cited a
case where a farmer suffered a 30 percent loss in production due to ineffective treatment of a
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thrips infestation, which led to excessive scarring and molding in their tomato fields. These scars
and impact on yield threatened future contracts with their processor.


The estimated crop yield loss range for processing tomatoes based on the literature
review and expert survey is 10% - 30% per acre though a few respondents suggested
losses could be higher -- 40 to 50%. This average takes into account differences in fields
that would be only moderately affected and crop quality losses (e.g. mold). The analysis
uses an average yield loss of 12%.

Crop quality losses. Growers manage processing tomatoes to meet high quality standards for
processing. Poor quality can reduce the grower’s net income and threaten future contracts.
Without the use of pyrethroids, these quality impacts are hard to quantify (and included in the
crop yield losses) but could be as high as 5 percent per acre.


The estimated crop quality loss is 0-5% percent.

Avoided cost of alternative insecticides. There are alternative insecticides that are available to
treat some of the pests that affect processing tomato production, although all experts noted that
these insecticides are not as effective or are more costly. Effective alternatives include
chlorpyrifos (Lorsban), methoxyfenozide (Intrepid) and carbaryl (Sevin). Some of the
alternatives do not kill pests (i.e. thrips) on contact, allowing them to scar and potentially infect
other products before dying. Chlorpyrifos is an organophosphate and subject to restricted use.
Growers must notify the county agricultural commissioner in order to use the restricted material
and file a notice of intent prior to spraying. The re-entry period is significantly longer than for
pyrethroids making for greater restrictions on labor operations (which is particularly important
for fresh market tomato production). Softer chemistries, such as Sevin, are available, but
typically have a higher cost than pyrethroids. Lorsban, Sevin, and Intrepid products are twice the
cost of pyrethroids, ranging from $40 to $110 per gallon, and application rates are higher, costing
approximately $36 per acre per spray.


The per-application material cost of alternative insecticides is $36 per acre, compared
with the pyrethroid insecticide cost of $12 per acre. Total treatments average $48-$216
per crop. The net increase in variable operating cost equals $180 per acre.

The analysis finds that a pyrethroid insecticide ban would cause a moderate decrease in yields,
decrease in crop quality, and increase in production costs for processing tomato producers.
Alternative insecticides on the market are targeted to specific pests but efficacy is limited, field
re-entry is delayed, and material costs are proportionally higher. The following section quantifies
the per-acre production benefits for processing tomatoes, and extends the cost analysis to the
smaller acreage of fresh market pole grown tomatoes.
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7.2.1

Economic benefits of pyrethroid insecticides to processing tomatoes

A stochastic crop budget simulation of net farm income is developed to quantify the economic
benefits of pyrethroid insecticides for processing tomato production. The crop budget analysis
evaluates the effect of changes in yield, crop quality, and production costs on grower net income.
The economic benefit is defined as the incremental change between the baseline case and the
case where pyrethroid insecticides are banned.
Table 17 summarizes the economic benefits of pyrethroid insecticides for processing tomato
production. The net economic benefit equals $583 per acre. There is a modest increase in risk,
reflected in a tripling of the coefficient of variation. In addition, the probability of not being able
to cover variable operating costs increases to nearly 5%. This is an important finding since
processing tomatoes are typically grown under contract and are viewed as one of the highervalue and more stable crops for growers.
Table 17. The economic benefits of pyrethroid insecticides for processing tomatoes
Representative crop:
Processing Tomatoes
Pyrethroid
Pyrethroid
Pyrethroid benefits
Metric
allowed
restrictions
($/acre)
Chemical cost increase
+$180 per acre
Yield loss
-12%
Probability of not
covering cash
<1%
5%
production costs
Economic risk
(coefficient of
26.7
76.6
variation)
Net income per acre
$840
$257
$583

7.2.2

Economic benefits of pyrethroid insecticides to tomato crops

The analysis of processing tomatoes is extrapolated to other regions and fresh market tomato
production. The value of pyrethroid insecticides differs for fresh market production due to
differences in other materials that are labeled for application to these crops, material cost, pest
pressure, and location. In addition, the high labor requirements from fresh market pole tomato
production mean that the low toxicity and rapid reentry time for pyrethroid insecticides has a
significant advantage. As a result, the extrapolation of the processing tomato benefits to fresh
market tomatoes is probably a conservative estimate of the total benefits.
Fresh market tomatoes are a relatively small share of tomato production. In 2015, fresh market
tomatoes accounted for just over 10,000 acres of production, generating a total farm gate value
of $122 million. Table 18 summarizes California fresh market and processing tomato production.
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Table 18. Tomato category crop harvested acres and production value ($ millions), 2015
Crop
Harvested Acre Production Value
Fresh Market
10,810
$122
Processing Tomatoes
186,400
$768
Figure 24 illustrates pyrethroid insecticide use on other tomato crops (primarily fresh market)
between 2005 and 2015. Applications vary with pest pressure, as confirmed by PCA and other
industry expert reports. Fenpropathrin has historically been the most commonly applied AI, with
bifenthrin taking over since 2011. Experts noted it is common to spray multiple active
ingredients to prevent pest resistance and increase efficacy.
Figure 24. Total pounds of pyrethroid insecticides applied to other tomatoes by AI, 20052015
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Processing tomato pyrethroid benefits are extrapolated to the tomato crop category using the
tomato pyrethroid index for each county over the 2005 to 2015 period. Figure 25 illustrates
economic benefits. Benefits range from $220 million to over $300 million per year.
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Figure 25. Economic benefits of pyrethroid insecticides for tomatoes, 2005-2015
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Table 19 summarizes the total economic benefit of pyrethroid insecticides to the tomato crop
category. The average annual benefit equals $245 million over the 2005 to 2015 period of record,
or $724 per acre.
Table 19. Tomato economic benefits
Economic benefit
Tomatoes
2005-15 total average ($millions)
$245
2005-15 per acre average
$724
The widespread and growing use of pyrethroids in both processing and fresh market tomato
production, coupled with feedback from industry experts, confirms that pyrethroids are an
essential pest management tool for the cost-effective production tomatoes in California.
Pyrethroids are not used routinely in tomato production, but are essential for the capacity to
deliver a quick knockdown of pests that can cause crop damage. Pyrethroids are responsive
rather than routine pest-control tool for processing tomato production that help prevent
significant crop damage from potential pests.
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8. Crucifer: Broccoli
The crucifer crop category includes broccoli, other crucifer crops, and selected other vegetables
with similar pest pressure and pyrethroid use. Table 20 summarizes the crucifer crop category
included in the analysis. The representative crop for the group is broccoli.
Table 20. Summary of the crucifer crop category
Representative crop
Common pests
Broccoli

loopers, thrips, beetles

Other crops

Common pests
loopers, cabbage maggot,
worms, beetles
loopers, cabbage maggot,
worms, beetles
lygus bug, aphids, leafminers
loopers, cabbage maggot,
worms, beetles

Brussels Sprouts
Cauliflower
Horseradish
Kale
Radishes

loopers, thrips, beetles

Common pyrethroid AI's
bifenthrin, esfenvalerate, lambdacyhalothrin, permethrin
Common pyrethroid AI's
lambda-cyhalothrin, cypermethrin,
bifenthrin
bifenthrin, lambda-cyhalothrin,
esfenvalerate
beta-cyfluthrin
bifenthrin, pyrethrins, cypermethrin
cypermethrin, beta-cyfluthrin,
esfenvalerate

Broccoli produced in California is sold on the fresh and processed market. Most production is
destined for the fresh market, with some produce targeted for IQF and other frozen mixedvegetable products. Fresh market broccoli consumption in the U.S. has increased by over 30
percent since 2000, and continues to show significant market growth (USDA 2016). In addition
to domestic consumption, California produces over 95 percent of the broccoli exported out of the
U.S., nearly $132 million dollars annually, with Canada and Japan as the largest export markets
(CDFA 2016).
Harvested acreage of broccoli in California is currently around 60,000 acres, down from nearly
100,000 acres in 1995. The farm-gate value of production has been more stable, between $600
million and $800 million annually. The farm-gate value of production was declining due to
falling prices and acreage until the mid-2000’s when a strong positive trend in value and
stabilization in acreage began and continues through today. Figure 26 illustrates trends in acreage
and production value in California.
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Fresh broccoli is almost exclusively produced in Monterey and Imperial counties. As of 2015,
Monterey County produced 75 percent of the irrigated acreage statewide, with the remaining 25
percent in Imperial County. Similar to lettuce and other leafy greens, broccoli is intensively
farmed and grown year-round in the Salinas Valley. In Southern California desert regions the
crop can be included in winter and fall rotations due to the warmer climate and suitable
production conditions.
8.1 Pyrethroid Use
Fresh broccoli production relies on pyrethroid and other targeted insecticides to combat pest
infestations. The main pests present on broccoli fields include cabbage loopers, thrips, worms,
and flea beetles. Beet army worms, cabbage aphids, and loopers can damage and feed on the
broccoli head, rendering the crop unmarketable. Cutworms, feeding at night, can ruin young
plants and seedlings, affecting crops in the early season after direct seeding. Experts interviewed
reported that pest pressure in broccoli varies and typically does not include standard treatment
with pyrethroid insecticides.
Broccoli pests are different between Central Coast and Southern California production region. In
particular, the silver whitefly is a pest that is more prominent in the southern desert region of
California. It follows that the benefits of pyrethroid insecticides for broccoli and other crucifer
crops vary across different regions.
Experts interviewed reported that pyrethroids are not, currently, a major insecticide used in
broccoli production but have been increasingly used in recent years. Experts reported that
pyrethroids are used to treat infrequent pest flare-ups that have occurred in recent years. Broccoli
is generally more pest-resistant than other fresh market produce including lettuce and
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strawberries and broad-spectrum insecticides are typically applied sparingly by growers. PCAs
noted that some fields are sprayed every two weeks, while others may apply pyrethroids less than
twice per year, if at all.
Pyrethroid applications to broccoli crops are cost-effective. Experts noted that it is common to
apply small quantities of active ingredient in combination with other pesticides. On average, an
acre requires approximately 6 ounces of active ingredient. The application cost averages $8 to
$15 per acre, depending on the product. The combination of relatively low application rate and
product prices gives pyrethroids an advantage over more expensive alternative insecticides used
in broccoli production.
Figure 27 illustrates trends in pyrethroid use in California broccoli production. The annual
pyrethroid application to broccoli crops doubled between 2005 and 2015. Bifenthrin, lambdacyhalothrin, and esfenvalerate are the primary active ingredients used. As of 2015, bifenthrin
accounts for nearly 40 percent of total use, which PCAs ascribe to the increased effectiveness of
the newer products on the market. Experts reported that general pest pressure has increased,
reflected in higher pyrethroid use, but were unable to identify a single specific pest.

Pounds AI applied

Figure 27. Total pyrethroid application to broccoli by active ingredient, 2005-2015
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Figure 28 illustrates total pyrethroid use and per acre use trends across the top two broccoli
producing counties in California, Monterey and Imperial. The annual pounds of active
ingredient applied and application rate per acre follow similar trends. There is a notable spike in
pyrethroid use in Imperial County in 2010 and 2014 which industry experts stated was a result of
pest pressure in those years, and the relative cost-effectiveness of pyrethroid insecticides. Experts
also noted that alternative insecticides entered the market in 2014 that are effective at treating
pests in the southern desert regions, and pyrethroid use has fallen accordingly.
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Figure 28. Total pyrethroid AI pounds applied and pounds per acre to broccoli by county,
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Industry expert interviews and PUR data confirm that pyrethroid insecticides are used sparingly
in California broccoli production, but have been increasing in recent years. All growers, PCAs,
and industry experts that were interviewed for this study indicated that pyrethroid insecticides
are an essential tool for the integrated pest management of broccoli, given their rapid, broadspectrum response to sudden pest outbreaks. For example, cabbage aphids can damage crops and
bulb mites can ruin early plantings, requiring timely treatment with pyrethroid insecticides
(Natwick 2009, Joseph et al. 2015).
8.2 Crop yield, crop quality, and production costs with pyrethroid insecticides
Banning pyrethroids for broccoli production would subject growers to small yield and quality
impacts, even if pest densities are high. Net returns would be most affected by increases in the
cost of production due to the higher cost of alternative insecticides.
PCAs, growers, and other experts interviewed indicated that yield losses for broccoli under a ban
on pyrethroid insecticides are likely to be no greater than five percent. This is largely due to
effective alternative insecticides and limited pest pressure. Experts were careful to qualify these
statements, noting that substantial crop losses can be incurred if pests are not treated with a
proper pest management schedule. In addition, it is difficult to anticipate if or when new pests
can migrate from other crops or regions into broccoli production regions.
Alternatives to pyrethroids used in broccoli include spinosad, dimethoate, and asephate. Experts
explained that these targeted alternatives can avoid damaging beneficial insects that would be
eliminated if pyrethroids are used. Targeted products are effective, but the average cost per
application is 3-5 times greater than pyrethroids. This results in an average cost increase of
approximately $50 per application for materials. Higher costs and additional sprays required to
replace pyrethroid applications will reduce grower net returns.
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Crop yield losses. Yield losses for broccoli are likely to be moderate, typically under 5 percent
on average. This is because effective alternative insecticides—although at a higher cost—are
available.


The estimated crop yield loss range is 0-5%.

Crop quality losses. Quality is very important for broccoli, particularly for production destined
for the fresh market, but the crop is generally resistant to pests and responds well to treatment
with pyrethroids and alternatives insecticides.


The crop quality loss is estimated to be negligible, and is already included in the
estimated crop yield loss.

Avoided cost of alternative insecticides. Alternatives for pyrethroids include spinosad,
dimethoate and asephate which typically cost 3-5 times more than pyrethroid insecticides. The
average increase in variable material operating costs is approximately $50 per application.


The additional cost of alternative pesticides relative to pyrethroids equals $90 per acre.

The literature review and industry expert survey finds that pyrethroid insecticides are an
important, but not a critical input to broccoli production. Application has increased in recent
years because these insecticides are more cost-effective than alternatives. Most of the economic
benefits that pyrethroid insecticides provide to broccoli crop growers are expressed in terms of
differences in variable operating costs. The following section quantifies the per-acre production
benefits for broccoli, and extends the cost analysis to other crucifer crops.
8.2.1

Economic benefits of pyrethroid insecticides to broccoli

A stochastic crop budget simulation of net farm income is developed to quantify the economic
costs of restricting pyrethroid insecticides for broccoli production. The analysis highlights the
three key factors in the analysis: change in crop yield, change in crop quality, and change in
operating (material) production costs. The economic benefit is defined as the incremental change
in net returns between the baseline case and the case where pyrethroid insecticides are banned
from use in production.
Table 23 summarizes the economic benefits of pyrethroid insecticides for broccoli production in
California. The mean increase in production cost per acre equals $90, including alternative
insecticide material costs over all treatments. The analysis assumes that crop yield losses would
equal 5 percent on average. This is at the upper bound of the range reported by industry experts.
The change in net farm income equals $259 per acre. The increase in farming risk is shown as a
probability of covering cash production costs and the coefficient of variation. Both of these
measures of farm income risk do not change significantly under a ban on pyrethroid use.
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Table 21. The economic benefits of pyrethroid insecticides for broccoli
Representative crop:
Broccoli
Pyrethroid
Pyrethroid
Pyrethroid benefits
Metric
allowed
restrictions
($/acre)
Chemical cost increase
+$90 per acre
Yield loss
-5%
Probability of not
covering cash
<1%
<1%
production costs
Economic risk
(coefficient of
30.2
36.5
variation)
Net income per acre
$1,213
$954
$259

8.2.2

Economic benefits of pyrethroid insecticides to cruciferous crops

The analysis of broccoli is extrapolated to other regions and crops in the crucifer crop category.
Table 22 summarizes the acreage and value of the crucifer crops included in the analysis.
Broccoli is the number one crop produced within the crucifer category (by acreage and value)
and generates over $785 million in total farm gate value in 2015. Cauliflower and kale have a
total farm-gate value of $377 million and $107 million, respectively. The overall crop category
generated over $1.3 billion in production value in 2015.
Table 22. Broader crucifer crop category harvested acres and production value (2015)
Crop
Harvested acres Production value ($millions)
Broccoli Fresh Market
60,100
$425.54
Broccoli Processed
863
$3.36
Broccoli Unspecified
59,072
$356.36
Brussels Sprout
3,936
$65.67
Cauliflower
35,465
$377.61
Horseradish
6
$0.22
Kale
6,994
$107.40
Kohlrabi
6
$0.03
Figure 29 illustrates trends in pyrethroid application to crucifer crops between 2005 and 2015.
Bifenthrin is the most common active ingredient used in the broader crucifer crop category. Over
the past three years permethrin has started to achieve more market penetration. As discussed
previously, bifenthrin applications are driven by broccoli production; other crops within the
category do not show significant pyrethroid use. The increasing rate of pyrethroid use is driven
by pest pressure affecting brussels sprout and kale crops in recent years.
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Figure 29. Total pounds of pyrethroid insecticides applied to crucifer by AI, 2005-2015
Pounds pyrethroid AI
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Pyrethroid benefits are extrapolated to the crucifer crop category using the crucifer pyrethroid
index for each county and crucifer crop over the 2005 to 2015 period. Figure 30 illustrates the
total economic benefits, showing relatively stable economic benefits for the crop category
between $40 and $50 million per year.

Economic benefit ($ millions)

Figure 30. Pyrethroids economic benefits for crucifer crops, 2005-2015
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Table 23 summarizes the total economic benefit of pyrethroid insecticides to the crucifer crop
category. The total economic benefit equals $49 million per year, or $206 per acre.
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Table 23. Crucifer economic benefits
Cruciferous
Economic benefit
crops
2005-15 total average ($millions)
$49
2005-15 per acre average
$206
The significant variation in pyrethroid use over the past 10 years confirms that they are typically
used to deliver a quick knockdown of insect infestations due to changing pest infestations or
weather extremes. Benefits have been relatively stable since 2010, however the previous five
years (2005 – 2009) shows wide fluctuations of benefits mostly concentrated in the non-broccoli
crucifers. Pyrethroid use in crucifers is a responsive rather than routine pest-control tool. It is
also important to note that these benefits do not include vegetables crops on the Central Coast in
including artichokes, asparagus, celery, and carrots which tend to use more pyrethroids than
broccoli.
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9. Summary
This report summarizes the findings of a preliminary data-driven analysis of the economic
benefits of pyrethroids. The analysis finds that pyrethroid insecticides are an important tool in
the pest management arsenal for many economically important specialty crops. The crops
analyzed in this study include 56% ($25 billion) of California’s $46 billion farm-gate value
agricultural sector. The avoided cost, yield loss, and crop quality costs of pyrethroid insecticide
across the crops analyzed in this study equals $1.66 billion annually, over the 2005-2015 period
of analysis, or $563 per acre. This measure reflects the direct cost of a pyrethroid ban to specialty
crop growers. Market implications from a change in supply caused by a ban on pyrethroids are
beyond the scope of this analysis, as are long-run adjustments by the industry that may increase
or decrease economic costs. The analysis can be expended to consider these and other factors in
future analyses.
The economic analysis includes a review of public data, a survey of Pest Control Advisers, farm
advisers, growers, and other industry experts, and a concurrent literature review to establish the
potential economic outcome of a pyrethroid insecticide ban. The economic analysis considers the
avoided cost of alternative insecticides, crop yield losses, and crop quality losses. Economic
benefits are quantified in a series of crop production budgets that characterize net farm income
for each representative crop with and without pyrethroid insecticides.
Assumptions, limitations, and areas where the analysis can be extended have been documented
throughout the report. The most important limitation is that the analysis focuses on the farmlevel benefits that pyrethroid insecticides provide to growers (in terms of net farm income), and
as such, broader market implications and benefits to ancillary industries are not included in the
financial values presented in this report. A second important assumption is that benefits are
proportional to the rate of pyrethroid use for all crops within each crop category. This
assumption may over or under state economic benefits for some crops and can be revisited in the
future by expanding the expert survey and farm budget analysis to include additional crops.
Every attempt has been made to clearly describe the assumptions, limitations, and extensions,
and how they affect the outcomes of the analysis.
The benefits analysis finds that pyrethroid insecticides provide economic benefits to growers in
several ways. Crops that require regular treatment to manage pests that would otherwise render
the crop unmarketable realize substantial benefits. This includes the cost of alternative
insecticides that may be less effective than pyrethroids and direct crop yield losses from
ineffective alternatives to pyrethroids. In other crops, it is important to treat pests when sudden
infestations occur, but pyrethroids are not commonly applied. Finally, for many specialty crops
produced in California it is critical to have pyrethroid insecticides as part of the integrated pest
management arsenal to prevent pest resistance and to mix with other materials. The increasingly
global and interconnected agricultural economy means that there is a continual risk of infestation
from new pests. Broad spectrum pyrethroid insecticides are frequently reported as the first line of
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defense for unexpected infestations by many PCAs and growers. Access to an effective broad
spectrum insecticide is an insurance policy against unexpected new pests.
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