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USTAINABLE AVIATION fuels

(SAFs) are attracting growing

interest as a potential additional
source of demand for agricultural
feedstock. Corn ethanol can be used
as a feedstock for alcohol-to-jet SAF
production, which could create new
market opportunities for both corn and
ethanol producers. This opportunity is
particularly relevant because ethanol
demand from road transportation has
grown modestly in recent years, and
long-run growth may be limited by
the rise of electric vehicles, limitations
in retail infrastructure, and gasoline
demand trends. At the same time,
the rapid expansion of corn ethanol
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production in countries such as Brazil
is likely to intensify competition for
producers in established corn ethanol-
producing countries, including the
United States, where corn and ethanol
producers are seeking alternative
demand opportunities such as SAE
Brazil is especially important because
of its capacity to grow corn as a second
crop following soybeans, which allows
for crop expansion while limiting
upward pressures on land use and

prices.

Brazilian corn ethanol production
increased from 1.2 to 2 billion gallons
between 2022 and 2024. Official
sources at the Brazilian Energy Research
Office (EPE) expect the expansion
to reach 3.5 billion gallons by 2032
(EPE 2024), while industry sources
have estimated even larger increases
in ethanol produced from corn. Corn
ethanol production in Brazil is obtained

primarily from corn produced as a
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Figure 1. Historical (2000-2023) and projected (2024-2033) corn (first and
second crop) and soybean area in Brazil in the baseline of the CARD LRLU

Model.
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second crop, that is, on land which

has already been used for agriculture
(mostly soybeans) in the same year.
Second-crop corn area has increased

in recent years while first crop corn

has declined with our projections
suggesting that this trend will continue
(figure 1). Brazil has also gained market
share as a major exporter of corn,
narrowing the gap with the United
States, the world’s largest corn exporter.
Given Brazil’s large soybean area, double
cropping corn has the potential to
expand, further increasing exports and
ethanol production with implications
for global corn trade, prices, and land-
use change (figure 1).

Expanding second-crop corn
production on land already under
soybeans cultivation allows for an
increase in production with limited
indirect land-use change and potentially
lower price effects. Some authors
(e.g., Colussi et al. 2025) argue that
the combined expansion of domestic
demand for ethanol and from the
livestock sector is reducing exports and
providing price support for corn. Corn
and sugarcane ethanol plants in Brazil
use biomass (e.g., bagasse, eucalyptus
chips, agro-industrial and agricultural
residues) for processing energy (Moreira
et al. 2020). These features reduce
the carbon intensity of Brazilian corn
ethanol production, potentially placing
it an advantageous position for targeting
the SATF market relative to corn ethanol
in countries like the United States. In
this line, while the life-cycle greenhouse
gas (GHG) emissions of corn ethanol in
the United States have been studied for
many years, much less is known about
the life-cycle emissions of corn ethanol
produced in Brazil.

The CARD Long-Run Land Use
(LRLU) model is well suited to analyze
the impact of a rapid expansion of
corn ethanol production in Brazil on
corn prices as well as on global trade.
The partial equilibrium model of
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Figure 2. (a) Corn used for ethanol production in baseline and scenarios.
(b) Change in corn used for ethanol production in scenarios relative to the

baseline.
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Figure 3. (a) Corn price change relative to the baseline. (b) Change in
Brazilian net exports from increasing ethanol production.

global agriculture includes land use,
production, and demand equations of
the main temperate crops and livestock.
The model has been used extensively
for research and policy analysis and
validated by its application in several
peer reviewed papers. In this article, we
present a summary of the implications
of different paths of the expansion of
corn ethanol production in Brazil for
global trade as well as for corn prices
based on the full analysis in Elobeid et
al. (2026). The impacts are measured
as the differences in the variables of

interest between the business-as-usual
10-year projection (baseline) and the
results of expanding corn ethanol
production under different scenarios.
The scenarios considered represent
two accelerated paths of corn ethanol
expansion in Brazil (figure 2). The first
path is based on projections conducted
by EPE (2024) of corn usage for ethanol
production in Brazil (“EPE Scenario”)
while the second scenario is based
on projections conducted by industry
(“Industry Scenario”).

The impact of different
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Figure 4. Crop area change (from the baseline) for different scenarios in
2033 with and without adjusting for the second crop (1,000 hectares).

Note: Without adjusting for second crop means that additional new land would be required to produce

more corn for ethanol.

production supply elasticities (i.e., the
responsiveness of production to prices)
on corn production is also investigated.
There is large uncertainty regarding
this elasticity for the second crop of
corn in Brazil and hence, we investigate
a wide range of values to explore the
boundaries of our results. For this
purpose, we run an additional scenario
with the same ethanol production
expansion of the “Industry Scenario”
but assuming that Brazilian producers
can very easily expand production at the
minimal price increase (perfect supply
elasticity). Thus, the price remains
constant even when facing additional
demand for corn. This scenario

is labeled as the “Industry Perfect
Elasticity” in what follows.

Results and findings

Results are presented in terms of
changes between the scenarios and the
baseline over the projection time and
for some variables of interest (namely,
corn used in ethanol production, corn
prices, Brazilian net exports, crop area,
and land-use change). In the “Industry
Scenario” we see an initial rapid (albeit
small) increase in corn prices in the

first few years, which then levels off
by the end of the projection period
(figure 3 panel a). This is a direct result
of the assumed paths of expansion,
which also has implication for the
paths of other variables of interest.
Given the magnitude of the shocks,
the price of corn increases by less than
2% by the end of the period in the
“EPE” and “Industry” scenarios and
remains unchanged in the “Industry
Perfect Elasticity” scenario. Increases in
domestic uses of corn reduce Brazilian
net exports in the scenarios, creating
a global excess demand that leads to
higher prices to clear the market (figure
3 panel b). The relatively small price
changes reflect the assumption that corn
production responds strongly to price
changes (price elastic). In the extreme
case of a perfectly elastic supply, exports
and prices are almost unchanged
(figure 3). Any demand expansion is
immediately met by increased supplies.
Given the net export and price
changes, the expansion of corn ethanol
production in Brazil can have global
implications with other countries
expanding production and land use
(figure 4). An important aspect is

that the possibility of using land
already in cultivation with soybeans
for double cropping reduces the need
to incorporate additional land into
production. This reduces both global
land-use change and GHG emissions,
relative to an expansion of production
in places where double cropping is not
feasible.!

Implications

Land-use change is a major concern
when crops are used as substitutes for
fossil energy because it can affect food
security and reduce the GHG benefits
of biofuels. Brazil’s potential to expand
ethanol production from second-

crop corn may mitigate some of these
concerns, since production can increase
on land already cultivated with soybeans
rather than through agricultural
expansion.

The magnitude of this benefit
depends critically on the supply
elasticity of second-crop corn (i.e.,
how easily producers can expand corn
production within existing double-
cropping systems). Although little is
known about the size of this elasticity,
it is central to assessing whether Brazil
can meet rising ethanol demand while
maintaining supplies for food, feed,
and exports. A more elastic supply
response would help limit corn price
increases and reduce the risk of shifting
land-use change abroad through lower
exports or higher global prices. In
short, if Brazilian producers can flexibly
expand second-crop corn for ethanol
production, this pathway could have
substantially lower GHG emissions
and greater decarbonization value than
ethanol produced from corn that is not
double cropped.
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ONSERVATION PRACTICES

such as cover crops and no-till

are widely promoted as solutions
to the environmental externalities of row
crop agriculture, including soil erosion,
nutrient loss, and degraded water quality.
Federal and state programs invest
billions of dollars annually to encourage
farmers to adopt these practices. Yet
despite decades of effort, adoption rates
remain well below the levels needed to
meet conservation goals such as those
outlined in the Iowa Nutrient Reduction
Strategy. A growing body of research
suggests that a critical but overlooked
factor is suppressing net adoption rates—
disadoption, the discontinuation of
conservation practices by farmers who
had previously adopted them, including
intermittent patterns of discontinuation
followed by resumption.

Previous research documents

changes in conservation acreage
across counties (Plastina, Sawadgo,
and Okonkwo 2024). This article
summarizes findings primarily from
two recent studies by the authors that
use longitudinal farm-level survey data
to examine temporal patterns in cover
crop adoption among lowa farmers. The
results reveal substantial flux in adoption
behavior over time, with many farmers
cycling between adoption and non-
adoption. This “churning” effect means
that net gains in adoption are far smaller
than the number of farmers who try the
practice in any given period, because
concurrent disadoption offsets part of
the new uptake. These findings have
major implications for how researchers
measure adoption, how policymakers
design conservation programs, and how

the conservation community sets and

assesses progress toward adoption goals.

What the data show: Flux beneath
the trend

Most conservation adoption research
relies on cross-sectional surveys that
measure practice use at a single point in
time and also measure practice use as a
dichotomy phenomenon of adoption or
non-adoption. This approach implicitly
assumes that once a farmer adopts

a practice, adoption is permanent.
However, practices like cover crops

and no-till involve annual management
decisions with relatively low switching
costs. A farmer who plants cover crops
one year can choose not to plant them
the next and may or may not use them
again, based on changing weather
conditions, commodity prices, labor

availability, or other operational factors.

Our research analyzes data from the
Iowa Farm and Rural Life Poll (IFRLP),
a longitudinal panel survey of Iowa
farmers conducted annually since 1982.
Each survey year, the IFRLP covers a set
of topics that are relevant to agriculture
and farmers in lowa—though the topics
are often also applicable to regions
surrounding Iowa. Because some farmers
participate in the IFRLP in multiple
waves, while new respondents are added
to offset attrition, we are able to track
cover crop adoption over time for the
subset of farmers observed in multiple
survey years.

The latest Census of Agriculture
confirms continued growth in cover
crop use, although the pace has slowed,
as shown by figure 1 below. Figure 1
shows that growth after 2017 was slower
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Figure 1. Growth in cover crop acreage in the United States, lowa, and

lowa-lllinois-Indiana, 2012-2022.

Notes: Acreage is indexed to 2012 = 100 to facilitate comparison across geographies of different sizes. Point

labels report actual acreage in millions.
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nationally and across the three-I-states
in the central Corn Belt region than
during 2012-2017. Cover crop acreage
increased substantially from 2012 to
2022, especially in Iowa. US cover crop
acreage rose from 10.3 million acres
in 2012 to 15.4 million in 2017 and
18.0 million in 2022 (Wallander et al.
2021). Iowa increased from 0.38 million
to 0.97 million and 1.28 million acres
over the same period, reaching 5.0% of
cropland in 2022. Across lowa, Illinois,
and Indiana, cover crops occupied 3.15
million acres, or 5.1% of cropland in
2022 (Plastina, Sawadgo, and Okonkwo
2024). However, growth slowed after
2017. Aggregate acreage figures alone
do not reveal whether the slowdown
resulted from fewer farmers trying cover
crops for the first time, more previous
users discontinuing the practice, or
both. Longitudinal farm-level data
provide evidence on these underlying
movements.

The first study we reference analyzes
cover crop use over three IFRLP
survey waves (2014, 2016, and 2018,
corresponding to use in 2013, 2015, and
2017). Our analytical sample consists
of 519 farmers who participated in all
three waves (Du, Feng, and Arbuckle
2025a). The panel data reveals a pattern
of significant flux beneath the aggregate
trend. Overall, the share of farmers
using cover crops rose from 17.7% in
2013 to 22.9% in 2017—a net increase
of 5.2 percentage points over four years.
However, this modest net gain masks
much larger underlying shifts. Figure 2
illustrates that between 2013 and 2015,
10.6% of the sample newly adopted
cover crops, but 8.5% simultaneously
discontinued use, yielding a net gain
of only 2.1%. Between 2015 and 2017,
9.1% adopted while 6.0% disadopted,
producing a net gain of 3.1%. Thus, in
both periods, the rate of new adoption
was substantially offset by concurrent
disadoption.
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Figure 2. New adoption, disadoption, and net change in cover crop use

among lowa farmers, 2013-2017.

Note: We call this group “new adopters,” but it is possible that they had used cover crops in the past (before

our study period) and their use in the second or third year of the study period could be intermittent use.

Source: 2014, 2016, and 2018 lowa Farm and Rural Life Poll (N=519).

Three farmer profiles—and what
sets them apart

By tracking individual farmers across all
three survey periods, we identify three
distinct adoption profiles—continuous
adopters, continuous non-adopters,
and intermittent adopters. Continuous
adopters (6.6% of the sample) used cover
crops in all three years. Continuous
non-adopters (64.5%) never used cover
crops during the study period. The
largest group of interest was intermittent
adopters (28.9%), who showed shifting
patterns of adoption and disadoption.
This group was more than four times the
size of the continuous adopter group.
Another way to look at the impact
of disadoption is through a visualized
comparison of the cumulative adoption
(the total number of farmers who used
cover crops at least once) with net
adoption (the number using them at
any given time). By 2017 (figure 3),
cumulative adoption had reached 35.5%
of the sample and 184 farmers had tried
cover crops at some point during the
study period. Yet only 22.9% were using
them in 2017. Without any disadoption,
the adoption rate would have nearly
doubled from its 2013 baseline rather

than increasing by just 5 percentage
points.

The upper line in figure 3 shows the
cumulative share of farmers who had
used cover crops at least once by each
survey year, while the lower line shows
the share using cover crops in that year.
The shaded area represents farmers
with prior cover crop experience who
were not current users at the time of the
survey.

Statistical comparisons reveal
meaningful differences among the
groups. Continuous adopters were
significantly more likely to raise livestock
(56% versus 29% for intermittent and
22% for continuous non-adopters),
to farm highly erodible land, and to
have higher gross farm sales. They also
planted more cover crop acres on average
(87 versus 35 for intermittent adopters)
and were more likely to have received
cost-share assistance.

Attitudinal differences followed a
clear gradient. Continuous adopters
perceived the greatest benefits from
cover crops and the fewest barriers.
Continuous non-adopters reported the
opposite pattern. Intermittent adopters
fell squarely in between on virtually



every measure—they perceived moderate
benefits and moderate barriers. Notably,
intermittent adopters expressed strong
interest in learning more about cover
crops at levels similar to continuous
adopters and significantly higher

than continuous non-adopters. This
suggests that the intermittent group is
not disengaged; rather, they may need
additional support to move from trial use
to sustained adoption.

What drives disadoption?

Based on analysis of farm and farmer
characteristics in the IFRLP data, the
strongest predictor of continued use was
the scale of prior adoption—farmers

who had planted more cover crop
acres were substantially less likely to
discontinue. Past adoption behavior was
also critical—farmers who had used
cover crops in the most recent prior
period were much less likely to disadopt
than those with gaps in their adoption
history. This suggests that continuity
itself is an important factor in sustaining
practice use, possibly because cumulative
experience builds management skills
and allows farmers to observe soil health
benefits.

Notably, policy-related variables
including cost-share participation and
crop insurance showed relatively modest

impacts on the decision to continue use.
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Figure 3. Cumulative versus current cover crop adoption among lowa

farmers, 2013-2017.

Table 1.Year-2 Status Among Year-1 Adopters: Continued Adoption versus
Disadoption, Overall and by Watershed

Results from machine-learning analysis
by Du, Feng, and Arbuckle (2025b)
shows that in the logistic model, cost-
share participation and crop insurance
purchase were associated with 3.6- and
2.4-percentage-point lower probabilities
of cover crop use in 2017, respectively,
but neither estimate was statistically
significant. While these programs may
effectively encourage initial adoption,
their long-term influence on practice
persistence appears to be limited. This
finding raises questions about whether
short-term incentive programs (typically
one-to-three years) are sufficient
to promote the sustained adoption
necessary for conservation practices to
deliver their full environmental benefits.
A related study using a separate,
larger data set reinforces these findings
(Sun et al. 2026). Sun et al. (2026)
surveyed more than 3,200 Iowa farmers
across six major watersheds between
2015 and 2019, using a three-category
adoption variable—non-adoption,
open to adoption, and adoption. The
results show that nearly 20% of farmers
who used cover crops in one year had
stopped using them by the following
year, and about 13% of no-till adopters
similarly discontinued use after one
year (table 1). For cover crops, although
192 farmers moved into the adoption
category from one year to the next,
142 shifted out, leaving a net gain of
only 50 individuals—a 1.9% increase
in overall adoption. For no-till, the net
gain was just 26 individuals, or 1.0%.
These patterns were consistent

across survey years, suggesting

Cover Crops: Cover Crops: No-till: No-till: . :
Watershed Adoption Disadoption Adoption Disadoption that the churning effect is
All watersheds 80.4% 19.6% 87.5% 12.5% notan artifact of a particular
lowa 81.4% 18.6% 82.3% 177% year’s conditions but rather a
Missouri-Little Sioux 71.4% 28.6% 84.1% 15.9% persistent feature of adoption
Upper Mississippi- dynamics. Sun et al. (2026)
Maquoketa-Plum 84.5% 15.5% 86.8% 13.2% also find spatial variations,
Des Moines 73.2% 26.8% 81.2% 18.8% with both no-till adoption
Missouri-Nishnabotna 80.5% 19.5% 95.4% 4.6% and disadoption patterns

Source: Sun et al. (2026) table 6. All-watershed figures from tables 3 (cover crops) and 4 (no-till); by-watershed

figures from table 6. Values are one-year adoption-status transitions.

differing significantly across
watersheds—disadoption
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was notably lower in the Missouri-
Nishnabotna watershed, where highly
erodible Loess Hills soils appeared to
sustain higher persistence.

Policy implications and next steps
Findings in the recent studies
summarized in this article have several
implications for conservation policy and
practice. First, conventional measures
of adoption may provide an incomplete
picture of progress. Aggregate statistics
on conservation practice acreage can
conceal substantial movement into and
out of practice use at the farm level.
Tracking new adoption, continued use,
and disadoption separately could provide
a more accurate assessment of progress
toward conservation goals, including
those in the Iowa Nutrient Reduction
Strategy.

Second, the results point to the
importance of considering continued use
alongside initial adoption. Intermittent
adopters—farmers who used cover crops
in some, but not all, survey periods—
could be more than four times as
numerous as continuous adopters in the
studies. Because many environmental
benefits of cover crops accumulate
through repeated use, programs focused
primarily on initial uptake may generate
smaller long-term gains when substantial
disadoption occurs.

Several approaches may help farmers
move from initial trials toward more
sustained use. Longer-term or more
flexible incentive arrangements could
give farmers additional time to gain
experience and manage difficult years.
Technical assistance and peer-to-peer
learning may be particularly valuable for
intermittent adopters, who expressed
substantial interest in learning more
about cover crops but perceived greater
barriers than continuous adopters.
Strategies that improve the economic
returns to cover crops—especially for
farms without livestock or grazing
opportunities—may also reduce

8/ Agricultural Policy Review

discontinuation.

At the same time, the available
evidence provides limited support for
the idea that financial incentives alone
lead to continued use. In Du, Feng,
and Arbuckle (2025b), cost-share
participation was not significantly
associated with cover crop use in 2017.
This result does not establish that
cost-share is ineffective, but it raises
the possibility that initial financial
assistance may be more effective when
accompanied by technical support,
follow-up engagement, and programming
responsive to farmers’ changing
circumstances.

Understanding those circumstances
is important because intermittent use
does not necessarily indicate a lack
of commitment to conservation. It
may reflect deliberate management
flexibility or factors outside farmers’
control, including weather variability,
commodity prices, labor constraints, and
changes in seed availability and cost.
Different causes may call for different
policy responses. When discontinuation
is associated primarily with limited
information or management challenges,
education and technical assistance may
be particularly relevant. When it is
driven by drought, input-price increases,
or unfavorable market conditions,
flexible or contingent incentives may
help farmers maintain the practice
through difficult years.

Overall, focusing solely on initial
adoption provides an incomplete picture
of conservation practice use. The large
group of intermittent adopters represents
both a challenge and an opportunity—
these farmers have experience with
cover crops and remain interested in the
practice, but they may face barriers that
limit continued use. Future research
linking longitudinal adoption records
with weather, market, and program-
participation data could help distinguish
among the causes of disadoption and
provide a stronger empirical basis for

designing policies that support sustained
conservation practice use.
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Google Searches and Livestock Prices, 2004-2024
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IVESTOCK DISEASE outbreaks

can affect commodity prices

through supply disruptions and
customer perceptions of quality or food
safety. Figure 1 displays the impact of
animal disease outbreaks as more flocks
and herds get infected. Since these
diseases cause a loss in livestock, due
to natural death or animal culling, the
supply curve will shift to the left and the
price will rise. Conversely, knowledge
of an animal disease outbreak will cause
consumers to worry about food safety,
the demand will shift to the left and the
price will fall. An outbreak of animal
disease will affect both the supply and
demand for livestock, and whether the
price rises or falls depends on which
effect is greater. Since the effect on
demand is influenced by a consumer’s
level of knowledge, finding their source
of information will allow the consumer’s
impact on prices to be recorded.

Google was first introduced to the
public in 1998 and quickly established
itself as the dominant internet search
engine. Google Search has a market share
of around 90% of the online web search
applications. Early on, epidemiologists
thought that surges in Google searches
could provide an early signal of human
disease outbreaks and that the location
of searches might help localize where
those outbreaks were most serious.
Google Flu Trends was touted as being
able to track individuals searching
common flu symptoms before any of
the more serious cases started showing
up at doctor’s offices. An early study by
Carneiro and Mylonakis (2009) suggests
that Google Flu Trends detected flu
outbreaks 7-10 days earlier than the
case reports provided by the Centers for
Disease Control and Prevention (CDC).

Price
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Figure 1. Impact of animal disease on equilibrium price and quantity.
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Figure 2. Monthly avian flu search, 2004-2024.

However, later research suggests that the
number of searches was less reliable than
hoped, reporting twice as many flu cases
as the CDC (Lazer et al. 2014). In their
review of relevant studies, Cervellin et
al. (2017) conclude that Google searches
were driven more by viral media trends
than by viral epidemiological disease.
Several papers examine whether

Google searches could inform
commodity price movements. Nicita
(2008) finds that searches on avian
influenza were correlated with higher
poultry and egg prices. Attavanich et
al. (2011) finds that searches on swine
influenza were correlated with lower
pork prices, suggesting that demand-
side responses were more important
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in that sector. Wang et al. (2024) finds
that search intensity for one type of
livestock disease could influence the
prices of other commodities. This study
reexamines the role of Google searches
on livestock prices using consistent
measures of poultry, pork, and cattle
disease keyword searches over a 20-year
period and monitors price responses
across all three livestock types. We find
that online search intensity can provide
meaningful signals of market demand
and supply conditions that can influence
commodity prices, but the relationship
depends heavily on whether a disease
affects prices through the supply or
demand channel.

Data and methods

Google Trends reports how frequently
specific search terms are entered relative
to total search volume. We compiled
estimates of daily Relative Search Volume
(RSV) series for the keywords ‘avian flu,
‘swine influenza, and ‘brucellosis’ from
2004 to 2024." We focused our choice
of livestock price outcomes on markets
that were consistently traded over the
20 years. USDA Agricultural Marketing
Service provides daily Midwest breaking
stock egg prices that we use as our
poultry price measure. The Chicago
Mercantile Exchange provides daily
nearby lean hog and live cattle futures
prices. Since markets are closed on
weekends and holidays, we only include
trading days.

Once we begin to record the search
terms for each disease, we are able to
quickly locate periods of interest for each
term. In figure 2, we show the reported
global searches for avian flu. There are
three major surges in search intensity:
2005-2006, 2010-2019, and 2020-2024.
The peak occurred in April 2022 (index
=100), coinciding with the most
extensive global highly pathogenic avian

Relative Number of Google Searches on Swine Influenza, 2004 - 2024
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Figure 3. Monthly swine influenza search, 2004-2024.
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Figure 4. Monthly brucellosis search, 2004-2024.

influenza (HPAI) outbreak on record.
The 2021-2022 epidemic caused 2,467
outbreaks in Europe and 185 million US
birds lost by April 2025.

Searches for swine flu in figure

3 show a single dramatic spike that
occurred in November 2009 (index =
100), corresponding to the global HIN1
pandemic. Relative search intensity

remained minimal before and after, with

1. Because RSV values are normalized within each period, we combine and adjust multiple six month windows using monthly averages to build continuous daily

series for each disease.
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only occasional small spikes. Notably,
searches reflected both human health

concerns as well as swine health impacts.

Because the 2009 spike was driven by
human health concerns rather than
livestock losses, the searches for swine
influenza have a greater negative impact
of searches to prices due to this outbreak
having a greater impact on demand than
the supply impact HIN1 had on hogs.

Search intensity on brucellosis
remained relatively stable (20-50 range;
see figure 4) throughout 2004-2019,
with a sharp isolated peak in September
2020 (index = 100) when the Lanzhou,
China, laboratory accidentally released
Brucella bacteria causing an outbreak
with over 10,000 reported infections.
Otherwise, global interest remained
steady, reflecting the disease’s chronic
nature and continued relevance for
animal health.

Figure 5 displays the three price
series for beef, pork, and eggs. To make
the three series comparable, we divide
the daily prices by the mean of the price
series, and so each price series reflects
deviations around 1. Egg prices showed
the greatest volatility. There are clear
price surges that align with the three
surges in avian flu searches. Pork prices
demonstrated more moderate volatility
with no apparent price surge associated
with the 2009 spike in swine influenza
searches. Beef prices showed the least
volatility and virtually no correlation
with brucellosis searches, possibly
because most cattle diseases including
brucellosis do not result in mass herd
culling. However, a definitive assessment

S
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Figure 5. Daily egg, beef, and pork prices (2004-2025), indexed to series

average.

of the relationship between Google
searches and commodity prices will

require a more formal analysis.

The relationship between livestock
prices and Google searches

Table 1 summarizes the regressions of
commodity prices on the three Google
search measures. The regressions also
controlled for export demand and for
monthly seasonal factors that would also
affect livestock prices.?? The coefficients
show how a one-percentage-point
increase in relative search intensity
affects percentage changes in livestock
prices.

Egg Prices: A one-percentage-point

increase in Google searches for avian flu
results in a 0.06% increase in egg prices.
This relatively small effect suggests that
small changes in Google searches will
have only modest impacts on egg prices.
However, avian flu outbreaks should
result in a large surge in Google searches.
At the peak search intensity of 100, egg
prices will increase by 6%. The positive
effect suggests that avian flu searches
primarily correspond with shrinking
supply. Increased search intensity for
swine or cattle diseases results in small
and negative but statistically significant
effects on egg prices.

Hog Prices: When public searches

2. To control for international demand effects, we constructed three export demand indices using Principal Component Analysis (PCA) of 10 trade categories from
the USDA Foreign Agricultural Service database (2004-2024). Export data were obtained from the USDA Foreign Agricultural Service’s Global Agricultural Trade
System (GATS) database (https:/apps.fas.usda.gov/gats) at annual frequency. Ten product categories were used, each measured by total export value in US dollars.

Annual index values were applied uniformly across the 12 months of each year to match the monthly frequency of the price and search data. Because the 10 export
categories are highly correlated, PCA was used to reduce dimensionality and avoid multicollinearity. Three components with eigenvalues greater than 1 were re-
tained, grouped as live animal exports (bulls, live hogs, heifers), processed meat exports (processed cattle, processed pork, variety pork, canned pork), and poultry
exports (egg products, live poultry, poultry meat). The first principal component explained 56.5% of the covariation in live animals, 89.4% in processed meats,
and 86.5% in poultry. These indices (live animal exports, processed meat exports and poultry exports) serve as control variables in the regression models.

3. In the regression we control for monthly seasonal factors, which are fixed effects on commodity prices that recur every year with seasonal demand. These are

predictable, recurring price patterns that happen every year on a calendar schedule, such as egg prices tending to rise around Easter in spring and beef and pork
prices shifting with summer grilling season. By adjusting these recurring calendar patterns before measuring the effect of disease searches, ensures price changes
we are measuring are genuinely driven by disease-related search activity and not due to seasonal demand.
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Table 1. Effect of Disease Search Intensity and Export Demand on Log
Commodity Prices (2004-2024) in Constant 2024 Dollars

Variable Egg Price Hog Price Cattle Price
Poultry disease 0.060*** —0.003*** 0.012***
Swine Disease —0.011%** —-0.009*** -0.007***
Cattle Disease —-0.009%*** <0.001 0.002***
Model Fit (R-squared) 0.47 0.42 0.40

Notes: *** indicates statistical significance at 1% level. Dependent variable: In (Commodity price). All

prices are adjusted to constant 2024 US dollars. Models control for monthly seasonal effects and export

demand. Sample: 5,236 observations for eggs; 5,292 for hogs and cattle. Dependent variables are the

natural logarithms of monthly average prices for eggs, hogs, and cattle, respectively. Independent variables

include Google Trends search volumes for poultry, pork, and cattle-related diseases, as well as export

demand indices derived from Principal Component Analysis (PCA). All models include month fixed

effects.

for swine flu rise by one percentage
point, pork prices fall by 0.009%, a
small but statistically significant effect.
At peak search intensity, pork prices

fall by only 0.9%. The negative effect
suggests that swine disease has larger
effects on demand than supply. Searches
concerning poultry diseases also slightly
reduce hog prices by 0.003% per one
percentage point in avian flu searches.
Cattle disease searches had essentially no
effect on pork prices.

Cattle Prices: The beef market shows
the weakest direct relationship with its
corresponding disease key words. A one
unit increase in brucellosis searches
raised prices by about 0.002%. The
limited response likely reflects the fact
that brucellosis, unlike avian flu, does
not typically lead to mass culling of
herds in the US beef sector. However,
searches related to avian and swine flu
have larger effects on cattle prices. A
one-percentage-point increase in avian
flu raises cattle prices by 0.012% while a
one-percentage-point increase in swine
flu searches lowers cattle prices by
0.007%.

Overall, the results show that
worldwide searches for livestock diseases,
measured through Google Trends, have
only modest effects on livestock prices.
Even very large surges in Google searches
result in relatively modest changes in
prices, suggesting that investors will
not gain much information on livestock

12 / Agricultural Policy Review

price movements from surges in Google
searches on livestock disease. Small
fluctuations in Google searches generate
price changes that are too small to affect
investor behavior. Search surges that are
large enough to affect prices are so large
that investors must already know about
the disease. So, while the correlations
between Google searches and livestock
prices are statistically different from
zero, they are not large enough to be
economically important.
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HAT A red sunset precedes good

weather ahead has been common

knowledge in much of the world
for millennia. Consistent with the earth’s
rotation, weather systems tend to move
from west to east so sunset provides
a picture of the future. Systematic
forecasting built on that intuition, and
as observations were gathered across
space, processed centrally, and shared
broadly, created an effective weather
forecasting system that became an
important asset for a country’s crop
sector. The US National Weather Service
draws on publicly owned stations,
volunteer associations, satellite operators,
and private weather stations, and its
outputs serve many users and purposes,
from short-run planning to the study of
climate change.

Weather forecasting is publicly
provided in large part because the
information it produces is a public good,
a feature it shares with other monitoring
information. Such information can be
used by many people at once, use by one
does not reduce its availability to others,
and excluding any user is difficult.

While sampling, identification, data
management, and reporting can be costly,
once the information is collected and
released the cost of serving another user
is close to zero. Public institutions can be
well-suited to systematic data collection
because they often have a physical
presence throughout their jurisdiction
with communication systems already in
place, and may have their own reasons
to collect the information. When users
are many and their needs disparate, the
resulting transaction costs can also deter
private provision.

Weather is not the only hazard
nature poses for agriculture. As crops
and livestock are produced in open,
living systems, agricultural production
is exposed to biological pests such as
insects and pathogens that can move
across farms, counties, and states before
losses are visible in any one field,
orchard, or herd. Soybean rust, which
reached the United States in 2004, and
citrus greening, confirmed in Florida
in 2005 along with its vector the Asian
citrus psyllid, are crop pest examples.
The coordinated framework built to

monitor soybean rust after its arrival
has been credited with substantial value
to US soybean producers (Roberts et

al. 2006). The recent confirmation of
New World screwworm in Texas in
June 2026 is a livestock pest example.!
The spatial movement of such hazards
is now tracked through public-private
partnerships, often involving industry
and commodity groups with a stake in
the outcome. These outbreaks share the
same broad features: biological risks
tend to move fast and are a threat well
beyond the place where they first appear.
Consequently, managing them requires
a systematic, coordinated response, and
timely information is essential.

Mobile pests are constrained by
geography and biology, but not by the
field, county, or state lines that delineate
private actions and policy responses.
Detection in one location can help
nearby farms update expectations, help
advisers interpret regional movement,
and help public agencies judge whether
an unusual season is emerging. The
relevant information set is larger than

any single farm. Regional monitoring

Table 1. Examples of Collective Agricultural Pest Monitoring in the United States

Program

Pest Category

Primary Function

For More Information

Suction Trap Network

Soybean rust monitoring
(PIPE)

Citrus greening,
Asian citrus psyllid
surveillance

vector

New World screwworm
surveillance

Field-crop insects
Field-crop pathogen

Citrus pathogen and

Livestock pest

Routine seasonal monitoring

In-season forecasting and
early warning

Early detection and quarantine

Emergency response and
eradication

https://suctiontrapnetwork.org/

https://cropprotectionnetwork.org/maps/
soybean-rust
https://www.aphis.usda.gov/plant-pests-
diseases/citrus-diseases/citrus-greening-
and-asian-citrus-psyllid

https://www.aphis.usda.gov/animals/
animal-health/livestock-and-poultry-
disease/stop-screwworm

1. The first confirmed US detection in decades was a calf in Zavala County, Texas, on June 3, 2026 (USDA-APHIS 2026).
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also offers economies of scope, because
one collection protocol, identification
system, and historical archive can
generate information on many species at
once. For these reasons, US agriculture
has built shared monitoring systems for
crop insects, crop pathogens, invasive
plant pests, and livestock pests. Table

1 gives several illustrative, but not
exhaustive, examples. They differ in both
the pest targeted and the monitoring
function served.

The focus here is the Suction Trap
Network (STN), a regional monitoring
system for flying insects in crop
landscapes. The network emerged in
Illinois in 2001 and expanded across the
Midwest in 2005, with early efforts tied
closely to soybean aphid, an invasive
pest that had become a major concern
for soybean production. Most traps sit
on university research farms, with a few
on private farmland. The network draws
support from universities, commodity
groups, and regional Integrated Pest
Management (IPM) programs. The
STN now records many insect taxa

and contributes to invasive-species
monitoring as well. lowa’s record offers a
focused look at what such infrastructure
has produced over two decades: seasonal
timing, long-run baselines, and pest
movement within a heavily managed
crop landscape.

Suction Trap Network (STN) in lowa
We use STN observations from 2005
to 2025 in Iowa for nine aphid species
included in the curated insecticide-
sensitive aphid sample. Suction traps
catch winged, dispersing aphids, so the
record reflects regional movement and
flight activity rather than aphid density
on any one plant, and it does not replace
field scouting. Our analysis uses catch
per trap-week, calculated as each year’s
total catch divided by its number of trap-
by-date samples, to adjust for changes
in sampling effort across years. lowa has
operated five traps over the 21 sampled
years, in Boone, Floyd, Hancock, Lucas,
and O’Brien Counties.

The species considered are bird
cherry-oat aphid, corn leaf aphid,

—a— 2005-2015 —e— 2016-2025

Date shift, days
10% 50% 90%

Soybean Aphid - _.—' +6 -4 -4

Bird Cherry-Oat Aphid - . -6 -4 -3
Corn Leaf Aphid - _._' 0 +1 6

Rice Root Aphid - +2 43 -4
English Grain Aphid - = +9 +2 6
Greenbug - 13 -24 16

Spotted Alfalfa Aphid - —— -0 17 17

Green Peach Aphid - -4 -1 -5
Potato Aphid - _._' +18 +10 +10

May Jun Jul Aug Sep Oct Nov

Month

Figure 1. Within-season timing of aphid captures by species, 2005-2015 vs.

2016-2025.

Source: Suction Trap Network; author calculations.

Notes: Barlines show the mean annual 10th to 90th percentile capture dates, and dots mark the mean

annual median capture date. Values on the right report the change in 10th, 50th, and 90th percentile dates

from 2005-2015 to 2016-2025. Negative values indicate earlier timing in the later period. Species-years

with fewer than 10 total aphids are excluded. Potato aphid and green peach aphid estimates are based on

fewer eligible years and should be interpreted cautiously.
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English grain aphid, greenbug, green
peach aphid, potato aphid, rice root
aphid, soybean aphid, and spotted alfalfa
aphid. Pest relevance varies across these
species and crops, so the sample is best
interpreted as a common STN-based
record of insecticide-sensitive aphid
movement through Towa’s agricultural
landscape.

The monitored aphids differ in
commercial relevance and management.
Soybean aphid is the main soybean pest
among the aphids in this list, managed
through scouting, economic thresholds,
conservation of natural enemies, and
foliar insecticides when thresholds are
exceeded. Corn leaf aphid colonizes corn
and is the clearest corn-associated aphid
in the sample, but economic injury in
Iowa field corn is context dependent.
Bird cherry-oat aphid, English grain
aphid, greenbug, and rice root aphid
are associated with grass, cereal, and
corn-related host systems, where they
can cause feeding injury, plant stress, or
virus transmission depending on crop
and timing. Green peach aphid, potato
aphid, and spotted alfalfa aphid are not
major direct pests of lowa field corn or
soybeans, but are tied to other crops or
host systems. Recording these distinct
signals on one platform produces a
repeated, multi-species record across the
sampled years.

What two decades of lowa
monitoring show

The Iowa STN record illustrates three
outputs of regional pest-information
infrastructure: seasonal timing, long-run
abundance baselines, and interpretation
within a managed crop landscape. Figure
1 speaks to the first by comparing the
within-season timing of Towa aphid
captures between 2005-2015 and 2016~
2025. For each species, two horizontal
barlines span the mean annual 10th to
90th percentile capture dates, and the
dot marks the mean annual median
date. Sustained monitoring of this kind



can describe both whether a species is
present and whether its seasonal activity
window is shifting.

Figure 1 shows mixed changes over
time and across species in the capture
barlines. Several aphids shift modestly
earlier in the later period, most visibly
greenbug and spotted alfalfa aphid, while
others show little change or have shifted
differently across the early, median, and
late portions of the annual STN catch.
Timing matters for crop management
because scouting, natural enemy activity,
and insecticide decisions all depend on
when pests are active.

Figure 2, which has its vertical
axis on a log scale, turns to the second
output, long-run abundance, focusing on
six aphids with stronger annual coverage
and clearer relevance to the corn-soybean
landscape. Over 2005 to 2025, annual
catch per trap-week declined for soybean
aphid, corn leaf aphid, bird cherry-
oat aphid, and rice root aphid, with
the largest fitted decrease for soybean
aphid and more gradual declines for
bird cherry-oat aphid and rice root
aphid. English grain aphid and greenbug
showed no clear long-run decline.

The fitted trends summarize broad
changes over the full record rather than
a smooth year-to-year process. The
mixed pattern across species is itself
informative: Iowa pest pressure cannot
be captured well by a single aggregate
index; and, a standing, multi-species
record lets institutions distinguish broad
regional change from species-specific
movement. It also gives the region
a baseline for reading such changes.
Extension specialists, researchers,
growers, and policymakers can compare
current conditions with earlier years,
check whether established aphids are
moving outside recent patterns, and spot
shifts in the pest community.

The third output, interpretation,
requires reading these signals within
the managed landscape they come
from. Towa corn and soybean acres
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Figure 2. Annual trends in Suction Trap Network catch by species in lowa

(2005-2025).

Source: Suction Trap Network data curated for this article; author calculations.

Notes: Points show annual abundance as catch per trap-week, a species’ total annual catch divided by that

year’s number of trap-by-date samples, which adjust for changing sampling effort across years. Dashed lines

show species-specific log-linear trend fits using annual catch per Iowa trap-week. Models use In(y) for the

six focal species shown. Aphids retained in figure 1 but not shown here are lower-abundance species (green

peach aphid and potato aphid) or species outside the soybean and corn/cereal focal group (spotted alfalfa

aphid); their omission keeps the trend figure focused on the main row-crop aphid signals. Trend estimates

are descriptive summaries of the full period.

are routinely and widely exposed to
insecticides through seed treatments

and foliar sprays, and figure 3 shows

the scale of that exposure. Insecticide
use is one among several components of
that landscape, alongside weather, host
availability, and natural enemies, and
isolating its effect on aphid abundance
would require a separate research design.
The point is not to explain the trends
here, but to make clear that the STN
records these signals from a system

that is already heavily managed, and its
baseline should be read with that context

in mind.

Discussion

lowa’s suction-trap record shows one
part of what regional pest-monitoring
infrastructure can produce. The broader
STN spans much of the Midwest and
records many insect taxa, while the Iowa
record given here follows a focused set
of insecticide-sensitive aphids tied to
several host systems. The figures describe
three outputs of that infrastructure:
shifts in seasonal timing, long-run
abundance baselines, and interpretation
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Figure 3. Insecticide exposure in corn and soybean in lowa (1998-2022).

Source: Kynetec USA; author calculations.

Notes: Panels show treated-area shares for corn and soybean insecticides in lowa by application method:

neonicotinoid seed treatment and foliar broadcast sprays. Shares are method-specific and the same acreage

may receive more than one type of application. Kynetec records seed treatments only through 2014; shaded

regions mark years when seed-treatment use is not observed, not years of zero use.

within a heavily managed corn-soybean
landscape.

The network’s relevance is not tied
to any single aphid or any single year.
Its value rests on continuity, breadth,
and comparability. Because the record
is sustained, the state and region can
set current seasons against earlier ones
and notice when the pest community
shifts or when a rare or newly relevant
signal begins to appear. Sorghum aphid

(Melanaphis sorghi) is a useful reminder.

It is not an established concern in Iowa,
yet after expanding as a US sorghum

pest in 2013 the species began appearing

in the Iowa record around 2016, still

too sparsely for trend analysis but early
enough to show how a standing network
registers emerging signals before anyone
looks for them.* A record like this pays
off only when it is maintained ahead of
the signal that matters, which makes

the STN a shared investment in the
information base for extension, research,
and public pest-management planning.
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