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Since the 1990s, a handful of food and agriculture corporations and some lawmakers have
promoted precision agriculture as the future of farming. This push has been reflected in federal
policy, most notably in the 2008 and 2018 Farm Bills, which contained numerous references to
increasing the adoption of precision agriculture technologies. Interest in these technologies has
continued to expand, with proposals to make precision agriculture even more widespread in US
farming. 

In the current context of the worsening climate crisis, proponents present precision agriculture
as a critical tool in reducing the environmental impact of industrial agriculture, sometimes at the
expense of other, more traditional practices and strategies. Although precision agriculture may
play a role in transitioning to more sustainable farming systems, it comes with additional socio-
economic and environmental costs. It may not address the root causes of the challenges farmers
face. 

Instead of relying on precision agriculture technologies to solve key
challenges our agricultural system is facing today, policymakers should:
 

1.Prioritize support for practices that are accessible and beneficial to small-scale producers
and producers using integrated or agroecological farming methods; 

2.Demand greater transparency and oversight of agritech firms promoting precision
agriculture technologies;

3.Narrow the definition of the kinds of precision agriculture technologies that can qualify for
federal support; and

4.Promote solutions that are proven to increase soil organic carbon and reduce agricultural
emissions, without sidelining farmers or farmworkers.

Introduction
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What is Precision Agriculture?
Precision agriculture (PA) is a set of emerging technologies that use data from the Global
Positioning System (GPS), sensors, and internet-connected technologies to tailor how fertilizers,
pesticides, water, and other inputs are applied on farms. These tools aim to improve efficiency
and reduce input use by targeting specific areas within a field—an approach known as site-
specific crop management (SSM).  Current PA tools include variable-rate technology (VRT), which
adjusts inputs based on field conditions, and automated or semi-automated tractors. Farmers
can bundle these technologies with each other and with emergent applications (like drones).
Some of these technologies only work as part of integrated packages of precision agricultural
services sold by large agricultural corporations. However, PA remains loosely defined, and its
effectiveness and accessibility vary widely across regions and farm types (see Table 1).

Corporations promoting PA technologies say PA will solve key problems confronting agriculture.
First, they suggest that precision agriculture will reduce farmers' use of chemical inputs and
scarce water resources by enabling them to apply targeted amounts to specific areas of their
fields rather than broad application over the entire field. Second, these corporations suggest
that PA will promote more sustainable agriculture through the reduced use of agricultural inputs
like pesticides and synthetic fertilizers that contribute to greenhouse gas emissions and can
degrade soil health in ways that reduce the soil’s ability to sequester carbon. Finally,
corporations and lawmakers offer automation as a solution to perceived labor shortages,
suggesting that computers and machines can replace labor and boost productivity. 
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While PA has been helpful for certain subsets of farms and for certain kinds of goals, on the
whole, PA is a false solution that diverts attention and resources away from proven
solutions. These proven solutions include intercropping, agroforestry, silvopasture and
integrated pest management, which are more accessible to small and mid-sized farms, especially
those led by Black, Indigenous, and other farmers of marginalized groups often excluded from
access to expensive, high-tech systems. Precision agriculture is designed to work within
industrial monocropping systems at the expense of integrated, organic, and regenerative
systems that are more climate-resilient and cost-effective. In fact, greater reliance on precision
technologies could worsen core problems in the food system by accelerating land consolidation
and giving already-dominant large-scale producers even greater advantages.   This deepens
economic inequities and threatens the viability of diverse, community-based farming. Moreover,
precision agriculture brings its own set of environmental harms that further undermine
sustainable agriculture goals.
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What’s wrong with precision agriculture?

Corporations promoting precision agriculture as a sustainability solution say it will reduce the
use of fertilizers, pesticides, and water. Agricultural soil management (including fertilizer
application) comprises over half of all agricultural emissions, creating dead zones, and harming
wildlife populations.   We desperately need these reductions to meet climate and other
ecological goals. But precision agriculture doesn’t help us do that. 

Since the 1990s, farmers have increasingly adopted precision agriculture technologies, using
them on approximately 50% of U.S. corn and soybean acreage by 2010–2012.  But fertilizer use
in the US has not gone down over the same period — it has actually increased, with significant
year-to-year fluctuations in response to fertilizer and crop prices.  Similarly, we have not seen
dramatic decreases in pesticide use, with some data showing only slight declines,  and other
estimates showing increased use.  After 30 years of development, many celebrated claims about
precision agriculture’s ability to reduce inputs remain speculative, and are based on limited field
trials, models, or projections. In short, there are very few reliable studies or evidence that
precision agriculture has reduced the use of chemical inputs in real-life applications,
which casts doubt on their ability to do so in the future.   By contrast, many studies examine
precision agriculture adoption rates among farmers.  These studies tend to presume that more
adoption will mean more impact. But as the analysis above suggests, there’s no hard evidence to
believe this.

Much of the recent growth in precision agriculture has been in technologies that have very little
to do with chemical inputs, including auto-steering and auto-guidance in farm equipment.   But
even with fairly high adoption rates of yield mapping and increased use of VRT, which was used
on between 5%-25% of total U.S. planted acreage for winter wheat, cotton, sorghum, and rice as
of 2018, we don’t see corresponding downward trends in the use of fertilizers or pesticides. 

Precision agriculture can’t change the fundamental flaws in our food system. We will
continue to require fertilizers as long as we keep growing nitrogen-hungry crops like corn in
monocultures. Corn is the most widely planted crop in the US, and it also has the highest
nitrogen requirements per acre.  Although there are regional differences, climate change is
projected to decrease overall corn yields in the US and introduce greater yield variability.
Maintaining or increasing the productivity of these crops will necessitate more inputs, especially
if PA is used with the primary goal of yield maximization.   VRT, yield mapping, and certain other
PA technologies can reduce the excess use of fertilizers, pesticides, or water. They don’t address
core nutrient imbalances in industrial agriculture or move us toward more resilient food and
farming systems. 

Precision agriculture doesn’t actually reduce
the use of fertilizer, pesticides, and water.
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Auto-steer or auto-
guidance

Farm equipment that
allows partial or complete
automation, connected to
GPS. Aims to prevent
skipping sections of large
fields.

Photo: www.futurefarming.com

Drones or UAVs

Devices flown remotely
over a field, usually to
collect multispectral and
thermal imagery that can
be used to assess crop
and soil health or detect
diseases, but can also
directly deliver crop inputs
(e.g., crop dusting).

Photo: www.irisonboard.com

Robotics

Advanced machinery
developed to carry out
farm tasks, like weeding,
planting cover crops, or
collecting on-farm data.  Photo: www.bayer.com 
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To make meaningful reductions to input use, we need real solutions — integrated and
biodynamic farming systems guided by the principles of agroecology, Traditional Ecological
Knowledge, and/or other holistic and time-tested knowledge systems. These systems reduce
emissions and increase carbon sequestration and nutrient availability through companion
planting, cover cropping, minimal till, biological forms of pest and weed management, and seed
breeding for climate-adapted traits,   and thus reduce the reliance on chemical inputs.

Table 1: Examples of precision agriculture technologies
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Artificial Intelligence and
machine learning

An advanced stage of automation where algorithms
make decisions. Can be paired with other PA
technologies to manage crop inputs or make planting
decisions.

Variable Rate Technology
Yield mapping and
monitoring

Farm equipment
programmed to use
remote sensing imagery
and other farm data
sources to develop maps
of field variability and then
deliver tailored amounts
of inputs to different parts
of a field.

Photo: www.researchgate.net 

Yield mapping and
monitoring

Technology that uses GPS
data and data collected
from farm equipment to
create yield maps for
farmers to use in making
decisions about when to
sow, fertilize, or harvest.

Photo: upload.wikimedia.org

Soil sensors

Sensors in the soil that can
record moisture or
compression, and report
that data to an internet-
connected device or
software for use in
assessing irrigation needs. Photo: https://potatoes.news

Internet of Things
Refers to a network of internet-connected objects that
record and store data across devices. Can include many
things on this list, including robots, drones, and sensors.
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Policymakers need to account for the environmental and social costs that accompany the
production and use of some precision agriculture technologies.

Many precision agriculture technologies rely heavily on Internet-connected devices and energy-
intensive operations, including Artificial Intelligence (AI). As such, they come with additional
resource consumption and emissions, reflecting the environmental footprint of the wider
Information Communications Technology (ICT) sector as a whole. In 2020, the global ICT sector
used 4% of global electricity and contributed 1.4% of global emissions.   This is a small increase
from 2010, because of increasing energy efficiency and use of renewable energy, but there is still
cause for concern. First, the ICT sector’s emissions are outpacing the decarbonization trajectory
outlined by the International Telecommunications Union,    which aims to align the greenhouse
gas emissions for the information and communication technology sectors with the UNFCCC Paris
Agreement and the IPCC Special Report: Global Warming of 1.5°C. Second, user devices
accounted for over half of the sector’s emissions, and these are projected to continue increasing.
In particular, precision agriculture and Internet of Things (IoT)—which refers to a network of
physical devices embedded with electronics, software, and network connectivity that enable
these objects to collect and exchange data—in farming will expand the emissions in this category
by adding more user devices.    The rapid uptake of AI in agriculture and more widely will add to
the energy burden. 

The immense amounts of data generated through Internet-connected devices, applications, and
platforms are stored and processed on servers in massive data centers. In addition to basic
operating electricity, these machines also require a significant amounts of electricity and water
to avoid overheating.    As of 2022, the 2,600 data centers in the US were among the top 10 water
users in the country’s commercial and industrial sectors. Many of these data centers are
clustered around Dallas, the San Francisco Bay Area, and Los Angeles and in watersheds already
affected by debilitating droughts and water stress. 

6HEALFOODALLIANCE.ORG

Precision agriculture has environmental
costs.
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Additionally, the growth of Internet-connected devices has increased demand for mined
minerals and metals to produce their component parts. Some of the most widely publicized
materials include coltan, used in mobile device capacitors and mined in the Democratic Republic
of Congo by child laborers and people enslaved by militia groups; lithium, widely used in various
precision agriculture technologies, rechargeable batteries, and renewable energy applications;
copper, used as a conductor in electronic devices; and rare earths, used in computer chips.   In
addition to their emissions, water pollution, and other environmental impacts, these types of
mining are also associated with labor exploitation and the degradation of Indigenous peoples’
lands. 

All of these factors suggest that precision agriculture should be understood and assumed to
have additional environmental and social costs. These costs should be weighed against any
environmental benefits from precision agriculture, which—as the previous section suggested—
should be more rigorously assessed.

Precision Agriculture and the Jevons Paradox

The Jevons Paradox states that in the long term, increased resource efficiency can
lead to an increase in resource consumption, rather than decreasing it.   The Jevons
Paradox (also known in economics as a rebound effect) has been observed and
debated in various sectors, including energy-efficient cars and refrigerators.   As it
pertains to precision agriculture, we can anticipate that greater uptake of PA
(and its broadening to include more AI and IoT) will, increase consumption of
water, energy, and materials by data centers and individual devices. Because
PA contributes to further farm consolidation   and operates most effectively with
industrial systems and at large scales, it will likely also increase the extent and
environmental impact of industrial agriculture and monocropping.
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Precision agriculture is often inaccessible or unprofitable for small
or diversified farmers, contributing to consolidation and inequality.

Precision agriculture technologies have extremely high acquisition costs and often are not very
affordable, profitable, or practical for small-scale or less well-resourced farmers.   According to
data from 2019, USDA’s Economic Research Service estimated that less than 25% of small farms
used yield maps, soil maps, VRT, and/or guidance systems, compared to half of large row crop
farms.   Small-scale farms likely won’t be able to incur enough cost savings or yield increases
from most PA technologies to make them profitable, even with federal funding support and
reduced prices over time. By contrast, larger farms can take advantage of economies of scale,
spreading the costs of the expensive equipment over more acreage and thereby reducing the
cost per acre. In addition to prohibitive costs, some PA technologies are difficult or complicated
to use, limiting adoption among small-scale and family farmers.
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Because of long-standing structural racism in agriculture—including discriminatory lending
practices, unequal access to land and credit, and exclusion from federal programs—Black,
Indigenous, and other farmers of color are more likely to operate smaller farms with fewer
financial resources.   Precision agriculture, as it is currently designed and deployed, accelerates
the exclusion of these farmers by reinforcing barriers they already face: high costs, technological
complexity, and a poor fit with the diversified and regenerative practices they are more likely to
use.

Meanwhile, larger farms will likely see increased profitability from PA technologies, further
consolidating their land access and market power. In 2013, a USDA Economic Research Service
study suggested that precision agriculture could ultimately contribute to increased farm
consolidation, by privileging larger farmers through cost savings and profits.   The largest farms,
which are overwhelmingly dominated by white farmers and men,   will likely benefit most from
the reduced labor and input costs afforded by PA technologies, with a few exceptions. 
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PA is currently best suited for industrial agriculture and monocropping of key commodity crops,
systems which are predominantly used by large corporations. By contrast, many small
farmers and farmers of color grow crops USDA characterizes as “specialty” crops, like
vegetables and fruits, and tend to use regenerative practices, which PA tools do not
adequately support. 
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Therefore, farmers who have diversified crop operations will likely not be able to benefit from
these investments, since precision agriculture is designed to work within large industrial and
monocropping systems of key commodity crops, like corn and soybeans.   For farmers using
intercropping, crop rotation, or even monocropping of non-commodity crops, precision
agriculture tools can be inaccurate and give unreliable assessments — for example, estimating
vegetable crop yields incorrectly or incorrectly applying algorithms trained to assess staple crops’
plant health and fungicide needs to non-staple crops.

Policymakers often assume that we can solve unequal adoption rates by increased diffusion and
accessibility — if we simply help small farmers get precision agriculture technology by offering
financial support or by increasing rural internet access, then they’ll be able to realize the
benefits. But this assumes the core problem is access, not design. Precision agriculture is not a
neutral technology waiting to be equitably distributed — it is a tool developed within and
for industrial systems that exclude most small farmers and farmers of color. In some
cases, latecomers or those for whom technologies are not adapted do not enjoy the same
advantages or profit increases — and in fact may be run out of business. 

The 2022 Census of Agriculture shows that farmland is increasingly consolidated into fewer
and larger farms, with 228,495 farms (10.7%) lost since 2002.   More recently, from 2017 to
2022, the number of farms in the US decreased by 6.9%, with over 142,000 farms lost. Farms
reporting at least one Black producer have been hardest hit, with a decrease of between 8% and
13% (depending on the figures used).   As of 2024, the largest farms, with over $1 million in sales,
are only 6% of farms but own over 35% of farmland. 

Without structural changes to how agricultural policy benefits small farmers and farmers of color
over large corporations, investing public dollars in PA will only deepen inequality and
increase land ownership, production, and profit consolidation.

9HEALFOODALLIANCE.ORG

*Many rural communities across the country have weak internet
infrastructure. Some precision agriculture-focused marker bills
introduced in Congress propose to increase broadband access, which
is a commendable goal in itself. Some of these initiatives are expressly
supported by corporations like John Deere, which seek to expand
markets for precision agriculture.  However, leveling the playing field
and making the technology more accessible in this respect will not
resolve some fundamental tensions around precision agriculture’s
suitability or profitability for small-scale and diversified farmers.
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Precision agriculture can undermine workers. 

In seeking to address labor challenges in agriculture, policymakers must ensure that solutions
uplift workers—not replace them.

Corporations explicitly promote precision agriculture as labor-saving technologies. For example,
John Deere promotes its autonomous tractor, which can cost up to $800,000, by stating that “[i]t
can work long days and even nights, with or without an operator in the seat” and asking “Would
an extra worker come in handy? One that's never late. One that won't mind working all night.” 

Corporations are not only touting automated machines designed for farm sectors that are
already highly mechanized, like field crop production (which employs only 13% of farmworkers)
but are also developing and promoting robotics and other technologies for more labor-intensive
types of farming, such as fruit and vegetable production.   Only a few farmworkers would be
needed to operate these types of machines, and this would likely require additional training
programs, for which some farmworkers may be ineligible. 

10HEALFOODALLIANCE.ORG
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Historical precedents: The impacts of automation on 
tomato pickers and dockworkers

Based on historical precedents, we can expect the increased adoption of
precision agriculture to be correlated with job loss. Although there are
numerous examples of this throughout the history of technology, two salient
cases from the 20th century are the introduction of the tomato harvester and
the containerization revolution in the shipping industry. 

Over the 1940s and 50s, researchers at the University of California, Davis
developed a mechanical tomato harvester to address labor issues and
shortages.    In 1964 the Bracero program ended, reducing the availability of
farm labor and making growers more dependent on the available labor pool.
At the same time, the Civil Rights Act increased protections for seasonal
workers, and a number of farmworker unions were forming and striking for
better pay and treatment in California. In this context, the tomato harvester
was rapidly taken up to replace the need for workers. By the late 1970s,
32,000 jobs in the tomato industry had been lost.   In addition, the harvesters
were only compatible with and affordable on large farms; as such, the
industry became increasingly consolidated, from 4,000 tomato growers in the
early 1960s to closer to 600 in 1973 (a decline of 85%).

Similar patterns played out in the shipping industry. In the 1950s, the
introduction of shipping containers dramatically increased productivity,
allowing for shipments to be unloaded much faster. But this resulted in huge
job losses — up to 90% of dockworkers in New York’s ports lost their jobs,
and the same pattern played out in other cities across the US and elsewhere.
In the decades since, unionized dockworkers have gone on strike numerous
times to protest automation and containerization and attempt to protect job
security (including in October 2024).

Some economists and policymakers assume that displaced workers will
simply find jobs in other sectors, or will move into better paying jobs
operating new technologies. They also tend to examine these patterns in the
aggregate and find that job losses in one sector do not necessarily translate
to higher unemployment overall. However, it is likely that displaced
agricultural workers will not be able to easily find employment in job markets
that increasingly require specialized skillsets compatible with new
technologies. 
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Precision agriculture can erode and undermine farmers’ knowledge
about their crops and land.

Corporations and policymakers pushing for precision agriculture assume that the knowledge
gained through PA technologies is inherently superior to farmers’ knowledge about their land,
seeds, soils, and production and that PA will improve decision-making and outcomes. There are
a few problems with these assumptions:

1) PA technologies can be fairly imprecise, particularly for farms growing nontraditional crops,
and can introduce algorithmic biases.

2) Over-reliance on PA technologies can disconnect farmers from their field operations and
undermine their own knowledge and skills. This creates a lock-in effect and introduces sources
of vulnerability, in the event of technology failures or changing weather and climate conditions.
Since many PA technologies are proprietary, there is some concern that this will create
dependencies on particular corporations and platforms to be able to continue to access or store
data in usable formats, or that farmers switching agricultural technology providers (ATPs) could
be considered in breach of contract.

More widely, this contributes to a deskilling of farming, with advice and decision-making largely
coming to farmers through corporate-owned technologies and algorithms programmed by these
corporations. Deskilling means that farmers need to rely more and more on corporate
advice and tools, leading to corporations further controlling our food and farming
systems.

Precision agriculture raises concerns over farmers’ privacy and
data security, and exposes our food system to cyber attacks.   

The drive for more data benefits agritech corporations more than farmers. As PA technology
adoption rates increase, ATPs can collect more information that directly benefits them in a few
ways: 

12HEALFOODALLIANCE.ORG

1. They use the data to make recommendations to farmers about their own
products. For example, Bayer’s Climate Corporation aggregates data from farm
equipment sensors, weather stations, and other sources. Then it uses machine learning
algorithms to market and recommend inputs to farmers (many of which are presumably
produced and sold by Bayer, one of the largest agricultural and pharmaceutical
corporations in the world). Bayer’s Climate FieldView — a big data analytics platform for
farmers — offers decision support tools, which often involve advising farmers to
purchase Bayer’s agrochemicals.
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There is also some concern that corporations, in collaboration with other institutions like large
banks, could use the data to unduly influence commodity pricing and speculation, land valuation,
or loan agreements. This could further jeopardize farmers’ incomes, livelihoods, and access to
land. Complex end-user license agreements grant data ownership to agritech corporations,
enabling them to compile very detailed maps of land productivity, yields, and other
characteristics that could be used to distort markets and hurt farmers. 

Lastly, PA technology is vulnerable to cyber attacks, and can be weaponized by adversarial
governments and others interested in disrupting and/or exploiting our food system. In 2023,
food and ag businesses reported 167 ransomware attacks that disrupted our food
systems.   Many of these attacks had large impacts, such as the ransomware attack on
meatpacking giant JBS by a Russian-based group in 2021 that caused the company to shut down
for multiple days and led to a large ransom payment. 
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“In many cases, these EULAs [end user license agreements] will
include phrases such as: “the grower grants (the service provider)
a perpetual worldwide license to the use of any data stored in the
system.””

— Testimony by Billy Tiller, founder of Grower Information
Services Cooperative (GiSC) and a 4th generation farmer in West
Texas, before the House Agriculture Subcommittee on General
Farm Commodities and Risk Management, July 13, 2017

2. They may sell the data to third parties. Bayer’s Climate FieldView privacy statement
states a number of conditions under which data could be shared with other entities,
including those with whom Bayer partners, although they note that they have not sold
the data on to other third parties unless agreed to by farmers.    However, many use
agreements are very complex, and there may be instances where farmers have opted in
to their data being sold without realizing it.

3. They use the data to train and improve their machine learning and AI algorithms,
much like OpenAI and Microsoft have used published work without consent to train
generative AIs (for which they are facing lawsuits).   Because farmers do sign contracts
and licensing agreements when purchasing PA technologies or software, there is some
degree of consent. However, the benefits are unequal, and consent may not be fully
informed. Farmers may not have a full picture of how data will be used and will not be
compensated for corporate use of their data to improve marketing strategies or
products. 
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Precision agriculture isn’t a good use of taxpayer dollars.

Every taxpayer dollar invested in agriculture should build the future of farmers, not the bottom
lines of Bayer, Microsoft, and John Deere. Public investments should meet the real needs of
farmers, not create guaranteed markets for corporate products that have little proven benefit to
the environment or rural communities.

For policymakers concerned about federal spending, precision agriculture is not an efficient use
of public funds. Businesses developing precision agriculture products have easy access to private
venture capital, with investments in ag tech amounting to over $11 billion in 2021.   Corporations
like Bayer and Microsoft are already experiencing significant boosts to their revenues from
precision agriculture applications, cloud services, artificial intelligence, and big data. These
contributions are only expected to grow.    Similarly, some analysts predict that precision
agriculture will drive three-quarters of John Deere’s sales growth in the coming years.   Taxpayer
dollars should not be used to increase the profits of multinational corporations; they should be
used to strengthen rural communities and support our farmers. Instead of subsidizing market
growth for food and ag corporations that are already incredibly profitable with taxpayer dollars,
the federal government should support small and mid-sized farmers who are employing real
solutions on their farms — solutions that prioritize stewardship of land, resilience to climate
change, and vibrant rural economies.

Agritech corporations sell precision agriculture as new and innovative, often describing it as a
“disruptive” technology that will revolutionize agriculture.   In reality, this is just a marketing ploy.
New developments in AI and robotics are merely spinoffs of existing forms of precision
agriculture that have been around for decades. During this time, corporations have been
frustrated by disappointing adoption rates among farmers, and there’s been very little evidence
that precision agriculture in real-world on-farm applications can deliver the kinds of impacts on
yields or input use that have been shown in limited field trials.   Rather than revolutionizing
farming, precision agriculture often reinforces the same industrial systems that concentrate
wealth and power in the hands of a few corporations, while leaving most farmers behind. When
federal funding is used to expand precision agriculture approaches, this merely bankrolls and
subsidizes corporate efforts to create markets for new and not-so-revolutionary products, rather
than addressing farmers’ real-world needs. 
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Furthermore, federal funding for precision agriculture can reinforce patterns of inequality in
access to loans and grants, unless very specific stipulations are written into legislation. Among
farmers, precision agriculture primarily benefits large-scale operators,   who also tend to
have more access to traditional banking and financing mechanisms. At the same time, small
and mid-size farmers struggle to get private or federal funding to purchase operating
equipment, access or retain farmland, and implement climate-resilient practices. Federal
programs like EQIP and CSP are consistently over-subscribed, with the majority of applicants
turned away.   In these circumstances, the priority should be to ensure that more people can
access these programs and implement climate-resilient practices, rather than opening up
additional support for PA — often to the benefit of industrial producers who are already more
able to afford and profit from these technologies. Redirecting taxpayer support to expand these
proven programs would ensure that more farmers, not just the largest and wealthiest, can
survive, adapt, and thrive.

Many other input-saving practices are a fraction of the cost of many precision agriculture
technologies. For example, it would cost between $30,000 and $50,000 for an average-sized corn
farm in the US to plant nitrogen-fixing winter cover crops like hairy vetch to reduce the need for
fertilizers in the following season, compared to between $150,000 and $250,000 for VRT systems
(on top of the cost of fertilizers themselves). 

In addition, some introduced legislation would enable producers to get EQIP and CSP funding for
any precision agriculture technology, including technologies (like GPS or autosteer) that have
very little impact on emissions or input use. Some proposals would also allow precision
agriculture to qualify for supplemental payments under CSP, rather than simply as a regular
enhancement.    This is all despite PA’s questionable impact on emissions, carbon sequestration,
and water conservation (as discussed previously). 

At a time when public trust in government spending is fragile, Congress should make it clear that
farm program dollars are intended to support the people working the land, not tech giants and
their shareholders. Taxpayer money should go towards practices that can benefit everyone, not
just tech corporations and the largest farms. 

15HEALFOODALLIANCE.ORG
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Recommendations:
Instead of relying on precision agriculture to solve our agricultural challenges and
bankroll the bottom lines of agritech corporations, policymakers should:

Increase federal support and incentives for practices that reduce input use through
deeper transformation of farming systems, including but not limited to agroforestry and
silvopasture, cover crops, integrated crop, and livestock production;
Prioritize the practices above, and others that are utilized by and beneficial to small-scale
producers and producers using integrated, traditional, or agroecological farming methods; 
Ensure that carbon stocks remain in the soil by incentivizing the use of organic or
regenerative practices; 
Engage in greater oversight of agritech firms selling precision agriculture
technologies, including data ownership and privacy and monitoring of uses by third
parties; 
Define precision agriculture more narrowly and specify that any funding earmarked for
climate-smart agriculture be limited only to specific precision agriculture technologies that
have demonstrated real-world and evidence-based impacts on emissions reduction and/or
soil organic carbon;
Block legislation allowing broadly-defined precision agriculture technologies to qualify for
supplemental payments under the Conservation Stewardship Program;
Bar large producers using precision agriculture technologies from accessing federal
subsidies or payments, in order to level the playing field and not compound economic
advantages for the largest farms;
More strongly value farm labor with better pay and workplace protections, while
supporting farm prices to allow for higher labor costs (without passing on these costs to
consumers) — for example, by factoring fair labor treatment and costs into subsidy
programs, increasing payments and incentives for collective ownership and farm
cooperatives, withholding federal payments from operations with bad labor practices, and
more directly intervening in oversupply problems to boost commodity prices. 
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More broadly, precision agricultural technologies can and should be responsive to farmer and
community needs, ideally developed from the ground up, in contrast to many technologies for
which agritech corporations are now trying to create markets among farmers (including through
government subsidies). We should emphasize and promote agricultural technology providers
that are collectively owned and operated, and whose data policies reflect this. 

69



Sources:
1. U.S. Department of Agriculture, National Institute of Food and Agriculture. Precision
Agriculture in Crop Production. Washington, DC: U.S. Department of Agriculture. Accessed May
22, 2025. https://nifa.usda.gov/precision-agriculture-crop-production 

2. James M. MacDonald, Penni Korb, and Robert A. Hoppe (2013) Farm Size and the Organization
of U.S. Crop Farming, USDA Economic Research Service

3. Environmental Protection Agency, Sources of Greenhouse Gas Emissions (updated June 5,
2024) 

4. David Schimmelpfennig (October 2016), Farm Profits and Adoption of Precision Agriculture, USDA
Economic Research Service (accessed October 2024)

5.  According to data from the Food and Agriculture Organization of the United Nations, fertilizer
consumption in the US amounted to 100.8kg/ha of arable land in 1991 and 128.7kg/ha in 2021. In
total, US farmers used around 20 million tons of fertilizer in 1990 and around 22 to 23 million tons
between 2015 and 2021. See USDA Economic Research Service (2019) ​​Summary of Findings for
overall fertilizer use data from 1960 to 2015, and Our World in Data, Fertilizer consumption, for that
data through 2021. See the World Bank Fertilizer Consumption for data on per hectare fertilizer
consumption.

6. USDA Economic Research Service (2014) Pesticide composition and use has changed over past
five decades 

7.  Donald Atwood and Claire Paisley-Jones (2017) Pesticides Industry Sales and Usage 2008 -
2012, US Environmental Protection Agency; Benbrook, C.M. (2012) Impacts of genetically
engineered crops on pesticide use in the U.S. -- the first sixteen years. Environ Sci Eur 24, 24.

8. Two notable exceptions are worth mentioning. Yost et al. (2017) conducted a decade-long study
of a precision agriculture project in Missouri, which found reduced temporal variability in yields (which
may also be explained by other parts of the project) but said little about any impacts on input
requirements. See M.A. Yost et al. (2017) Long-term impact of a precision agriculture system on
grain crop production, Precision Agriculture 18: 823–842. Additionally, an industry-funded study cited
fertilizer and water reductions in the single digits, but the data is highly unreliable, as the study did
not include any information on the methodology (including data sources or scope), was not published
or peer-reviewed in any reputable journals, and has been released publicly only as a PowerPoint.

17HEALFOODALLIANCE.ORG

https://nifa.usda.gov/precision-agriculture-crop-production
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.ers.usda.gov/publications/pub-details?pubid=80325
https://www.ers.usda.gov/data-products/fertilizer-use-and-price/summary-of-findings/
https://ourworldindata.org/grapher/fertilizer-consumption-usda?country=OWID_WRL~USA
https://data.worldbank.org/indicator/AG.CON.FERT.ZS?locations=US
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=77462
https://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=77462
https://www.epa.gov/sites/default/files/2017-01/documents/pesticides-industry-sales-usage-2016_0.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/pesticides-industry-sales-usage-2016_0.pdf
https://link.springer.com/article/10.1007/s11119-016-9490-5
https://link.springer.com/article/10.1007/s11119-016-9490-5
https://newsroom.aem.org/download/977839/environmentalbenefitsofprecisionagriculture-2.pdf


9. E.g. Jonathan McFadden, Eric Njuki, and Terry Griffin (2023), Precision Agriculture in the
Digital Era: Recent Adoption on U.S. Farms, USDA Economic Research Service; David
Schimmelpfennig (October 2016), Farm Profits and Adoption of Precision Agriculture, USDA
Economic Research Service (accessed October 2024); Hari Sharan Pathak, Philip Brown, and
Tabitha Best (2019), A systematic literature review of the factors affecting the precision
agriculture adoption process, Precision Agriculture 20: 1292–1316; James Lowenberg-DeBoer
and Bruce Erickson (2019), Setting the Record Straight on Precision Agriculture Adoption,
Agronomy Journal 111(4): 1552-1569

10. Jonathan McFadden, Eric Njuki, and Terry Griffin (2023), Precision Agriculture in the Digital
Era: Recent Adoption on U.S. Farms, USDA Economic Research Service (accessed October 2024)

11. Jonathan McFadden, Eric Njuki, and Terry Griffin (2023), Precision Agriculture in the Digital
Era: Recent Adoption on U.S. Farms, USDA Economic Research Service (accessed October 2024);
James M. MacDonald, Penni Korb, and Robert A. Hoppe (2013) Farm Size and the Organization
of U.S. Crop Farming, USDA Economic Research Service (accessed October 2024); David
Schimmelpfennig (October 2016), Farm Profits and Adoption of Precision Agriculture, USDA
Economic Research Service (accessed October 2024)

12.  USDA National Agricultural Statistics Service (June 30, 2023), Acreage; Marc Ribaudo
(September 1, 2011), Reducing Agriculture's Nitrogen Footprint: Are New Policy Approaches
Needed?, USDA Economic Research Service

13.  Chatham House (2021), Climate change risk assessment 2021; Michelle Tigchelaar et al.
(2018) Future warming increases probability of globally synchronized maize production shocks,
Proceedings of the National Academies of Sciences 115 (26) 6644-6649; Mitch E. Baum et al. (2020)
Impacts of climate change on the optimum planting date of different maize cultivars in the
central US Corn Belt, European Journal of Agronomy 119: 126101; Adriana Del Borghi et al. (2022),
Environmental assessment of vegetable crops towards the water-energy-food nexus: A
combination of precision agriculture and life cycle assessment, Ecological Indicators 140: 109015

14.  Zhan Xu et al. (2020) Intercropping maize and soybean increases efficiency of land and
fertilizer nitrogen use; A meta-analysis, Field Crops Research 246: 107661; Mark Schonbeck (May
15, 2006) Cover Cropping: On-farm, Solar-powered Soil Building, Virginia Association for
Biological Farming Information Sheet; Mark W. Schonbeck (1999) Weed Suppression and Labor
Costs Associated with Organic, Plastic, and Paper Mulches in Small-Scale Vegetable Production,
Journal of Sustainable Agriculture 13(2): 13-33 

15.  Jens Malmodin, Nina Lövehagen, Pernilla Bergmark, and Dag Lundén (2024) ICT sector
electricity consumption and greenhouse gas emissions – 2020 outcome, Telecommunications
Policy 48 (3): 102701

18HEALFOODALLIANCE.ORG

https://www.ers.usda.gov/webdocs/publications/105894/eib-248.pdf?v=3441.7
https://www.ers.usda.gov/webdocs/publications/105894/eib-248.pdf?v=3441.7
https://www.ers.usda.gov/publications/pub-details?pubid=80325
https://link.springer.com/article/10.1007/s11119-019-09653-x
https://link.springer.com/article/10.1007/s11119-019-09653-x
https://acsess.onlinelibrary.wiley.com/doi/full/10.2134/agronj2018.12.0779
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=80325
https://downloads.usda.library.cornell.edu/usda-esmis/files/j098zb09z/hh63v8465/zg64w269x/acrg0623.pdf
https://www.ers.usda.gov/amber-waves/2011/september/nitrogen-footprint/
https://www.ers.usda.gov/amber-waves/2011/september/nitrogen-footprint/
https://www.chathamhouse.org/sites/default/files/2021-09/2021-09-14-climate-change-risk-assessment-quiggin-et-al.pdf
https://www.pnas.org/doi/10.1073/pnas.1718031115
https://www.sciencedirect.com/science/article/abs/pii/S1161030120301088
https://www.sciencedirect.com/science/article/abs/pii/S1161030120301088
https://www.sciencedirect.com/science/article/pii/S1470160X22004861?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1470160X22004861?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0378429019305945
https://www.sciencedirect.com/science/article/abs/pii/S0378429019305945
https://www.sare.org/wp-content/uploads/Cover-crops-for-soil-building.pdf
https://www.tandfonline.com/doi/abs/10.1300/J064v13n02_04
https://www.tandfonline.com/doi/abs/10.1300/J064v13n02_04
https://www.sciencedirect.com/science/article/abs/pii/S0308596123002124
https://www.sciencedirect.com/science/article/abs/pii/S0308596123002124


16. The International Telecommunications Union is an agency of the United Nations responsible
for information and communication technologies matters.

17. Jens Malmodin, Nina Lövehagen, Pernilla Bergmark, and Dag Lundén (2024) ICT sector
electricity consumption and greenhouse gas emissions – 2020 outcome, Telecommunications
Policy 48 (3): 102701

18. For more information on the prevalence of IoT in agriculture, see Cherie R. Kagan et al.
(2022) The Internet of Things for Precision Agriculture (IoT4Ag), Computers and Electronics in
Agriculture 196: 106742, which discusses the creation of an IoT4Ag center funded by the
National Science Foundation, and Nipuna Chamara et al. (2022) Ag-IoT for crop and
environment monitoring: Past, present, and future, Agricultural Systems 203: 103497, which
reviews the current uses and future directions of IoT in precision agriculture on a global scale.

19.  For example, Google’s use of AI increased its emissions by 13% since 2023, and by 48%
since 2019, when the corporation established its baseline and set goals for reaching net zero
emissions. See Alexa St. John (July 7, 2024) Google falling short of important climate target, cites
electricity needs of AI, Associated Press.

20. Michael Copley (August 30, 2022) Data centers, backbone of the digital economy, face water
scarcity and climate risk, NPR 

21.  United States International Trade Commission (2021) Data Centers Around the World: A
Quick Look 

22.  Md Abu Bakar Siddik, Arman Shehabi and Landon Marston (2021) The environmental
footprint of data centers in the United States, Environmental Research Letters 16(6): 064017

23.  US Department of Labor (2023) Findings on the Worst Forms of Child Labor - Democratic
Republic of the Congo; Yok Energy, The Uses of Lithium Batteries in Agriculture; US Geological
Survey (September 2016) A World of Minerals in Your Mobile Device

24.  See Megan Janetsky, Victor R. Caivano and Rodrigo Abd (March 15, 2024), Native groups sit
on a treasure trove of lithium. Now mines threaten their water, culture and wealth, Associated
Press, which details the impact of lithium mining on increasing water stress and climate
vulnerability among Indigenous communities in the “lithium triangle” of South America, and
Anita Snow (April 7, 2023), Tribe warns US government against moving ahead with mine,
Associated Press, on struggles by the San Carlos Apache in Arizona to fight the massive
Resolution Copper Mine in Oak Flat, AZ.

19HEALFOODALLIANCE.ORG

https://www.sciencedirect.com/science/article/abs/pii/S0308596123002124
https://www.sciencedirect.com/science/article/abs/pii/S0308596123002124
https://www.sciencedirect.com/science/article/abs/pii/S016816992200059X
https://www.sciencedirect.com/science/article/pii/S0308521X22001330
https://www.sciencedirect.com/science/article/pii/S0308521X22001330
https://apnews.com/article/climate-google-environmental-report-greenhouse-gases-emissions-3ccf95b9125831d66e676e811ece8a18
https://apnews.com/article/climate-google-environmental-report-greenhouse-gases-emissions-3ccf95b9125831d66e676e811ece8a18
https://www.npr.org/2022/08/30/1119938708/data-centers-backbone-of-the-digital-economy-face-water-scarcity-and-climate-ris
https://www.npr.org/2022/08/30/1119938708/data-centers-backbone-of-the-digital-economy-face-water-scarcity-and-climate-ris
https://www.usitc.gov/publications/332/executive_briefings/ebot_data_centers_around_the_world.pdf
https://www.usitc.gov/publications/332/executive_briefings/ebot_data_centers_around_the_world.pdf
https://www.usitc.gov/publications/332/executive_briefings/ebot_data_centers_around_the_world.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/abfba1
https://iopscience.iop.org/article/10.1088/1748-9326/abfba1
https://apnews.com/article/lithium-water-mining-indigenous-cb2f5b1580c12f8ba1b19223648069b7
https://apnews.com/article/lithium-water-mining-indigenous-cb2f5b1580c12f8ba1b19223648069b7
https://apnews.com/article/sacred-site-apaches-copper-mine-cc621f429680d2f2c2cd3fac84b2f6ff


25. Mario Giampietro and Kozo Mayumi (2018) Unraveling the Complexity of the Jevons
Paradox: The Link Between Innovation, Efficiency, and Sustainability, Frontiers in Energy
Research 6: np

26.  David Owen (December 12, 2010) The Efficiency Dilemma, The New Yorker 

27.  James M. MacDonald, Penni Korb, and Robert A. Hoppe (2013) Farm Size and the
Organization of U.S. Crop Farming, USDA Economic Research Service (accessed October 2024)

28. David Schimmelpfennig (October 2016), Farm Profits and Adoption of Precision Agriculture,
USDA Economic Research Service (accessed October 2024); Jonathan McFadden, Eric Njuki, and
Terry Griffin (2023), Precision Agriculture in the Digital Era: Recent Adoption on U.S. Farms,
USDA Economic Research Service (accessed October 2024); Government Accountability Office
(2024) Precision Agriculture: Benefits and Challenges for Technology Adoption and Use

29.  Jonathan McFadden, Eric Njuki, and Terry Griffin (2023), Precision Agriculture in the Digital
Era: Recent Adoption on U.S. Farms, USDA Economic Research Service (accessed October 2024) 

30. Government Accountability Office (2024) Precision Agriculture: Benefits and Challenges for
Technology Adoption and Use

31.  Government Accountability Office (2019) Agricultural Lending: Information on Credit and
Outreach to Socially Disadvantaged Farmers and Ranchers Is Limited; Nigel Key, Katherine Lacy
and Jessica E. Todd (2024) USDA Survey Provides Insights Into Farms Operated by Limited
Resource Farmers and Ranchers, USDA Economic Research Service (accessed May 2025)

32.  James M. MacDonald, Penni Korb, and Robert A. Hoppe (2013) Farm Size and the
Organization of U.S. Crop Farming, USDA Economic Research Service (accessed October 2024)

33.  Ashley Fent (March 22, 2024), 3 Key Takeaways from the Latest USDA Census of Agriculture,
HEAL Food Alliance; USDA National Agricultural Statistics Service (2022) Census of Agriculture
Table 73 (Summary by Combined Government Payments and Market Value of Agricultural
Products Sold) and Table 71 (Summary by Size of Farm). Note that USDA defines farm size (e.g.
small-scale or large) based on revenues and ownership, rather than by acreage. 

20HEALFOODALLIANCE.ORG

https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2018.00026/full
https://www.frontiersin.org/journals/energy-research/articles/10.3389/fenrg.2018.00026/full
https://www.newyorker.com/magazine/2010/12/20/the-efficiency-dilemma
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=80325
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.gao.gov/products/gao-24-105962
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.ers.usda.gov/publications/pub-details?pubid=105893
https://www.gao.gov/products/gao-24-105962
https://www.gao.gov/products/gao-24-105962
https://www.gao.gov/assets/gao-19-539.pdf
https://www.gao.gov/assets/gao-19-539.pdf
https://www.ers.usda.gov/amber-waves/2024/october/usda-survey-provides-insights-into-farms-operated-by-limited-resource-farmers-and-ranchers
https://www.ers.usda.gov/amber-waves/2024/october/usda-survey-provides-insights-into-farms-operated-by-limited-resource-farmers-and-ranchers
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://www.ers.usda.gov/publications/pub-details?pubid=45110
https://healfoodalliance.org/key-takeaways-from-the-latest-usda-census-of-agriculture/
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_073_073.pdf
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_073_073.pdf
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_071_071.pdf


34. Mary Saunders Bulan (2023) Drones, Robots, and the Next Generation in Ag, Living Roots
Issue 3, Rural Advancement Foundation International

35.  Oane Visser, Sarah Ruth Sippel, and Louis Thiemann (2021), Imprecision farming?
Examining the (in)accuracy and risks of digital agriculture, Journal of Rural Studies 86: 623-632

36.  Oane Visser, Sarah Ruth Sippel, and Louis Thiemann (2021) Imprecision farming? Examining
the (in)accuracy and risks of digital agriculture, Journal of Rural Studies 86: 623-632

37.  This is what happened during the Green Revolution, which pushed elements of
industrialized US agriculture on areas of the Majority World, including high-yielding seed
varieties, fertilizers, irrigation, and machinery. Larger and male-dominated farms benefited,
pushing out small farmers, women farmers, and farmers from ethnic minorities and
consolidating land ownership. (See Raj Patel, Caught Up in the War on Communism: Norman
Borlaug and the “Green Revolution,” PBS American Experience) 

38.  United States Department of Agriculture (nd) 2022 Census Full Report

39.  Ibid

40.  United States Department of Agriculture (February 14, 2025) Farms and Land in Farms:
Percent of Total by Economic Sales Class, US

41.  John Deere (nd) Helping Feed the World Requires Better Rural Connectivity 

42.  Autonomy and Autonomous Tractor, John Deere US (last accessed October 11, 2024)

43.  Agricultural Worker Demographics (April 2018) National Center for Farmworker Health 

44.  CBS News (2024) A new generation of smart robots could take over farm tasks once
handled by humans [video]

45.  Ildi Carlisle-Cummins (July 24, 2015) How the Mechanical Tomato Harvester Prompted the
Food Movement, UC Davis

46.  Langdon Winner (1980) Do Artifacts Have Politics? Daedalus 109(1): 121-136

47.  Alexis Madrigal (April 6, 2017) Episode 1: Welcome to Global Capitalism, Medium

48.  Heather Long (October 1, 2024) The real reason 47,000 dock workers are on strike:
Automation, The Washington Post

21HEALFOODALLIANCE.ORG

https://www.rafiusa.org/aboutus/living-roots/
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
http://nass.usda.gov/Publications/AgCensus/2022/
https://www.nass.usda.gov/Charts_and_Maps/Farms_and_Land_in_Farms/fncht3.php
https://www.nass.usda.gov/Charts_and_Maps/Farms_and_Land_in_Farms/fncht3.php
https://www.deere.com/en/stories/featured/rural-connectivity/
https://about.deere.com/en-us/our-company-and-purpose/technology-and-innovation/autonomy
https://www.deere.com/en/autonomous/
https://www.ncfh.org/agricultural-worker-demographics.html
https://www.youtube.com/watch?v=vy7VxJCnBCw
https://www.youtube.com/watch?v=vy7VxJCnBCw
https://www.plantsciences.ucdavis.edu/news/how-mechanical-tomato-harvester-prompted-food-movement
https://www.plantsciences.ucdavis.edu/news/how-mechanical-tomato-harvester-prompted-food-movement
https://faculty.cc.gatech.edu/~beki/cs4001/Winner.pdf
https://medium.com/containers/episode-1-welcome-to-global-capitalism-f9f56c92f414
https://www.washingtonpost.com/opinions/2024/10/01/dock-worker-strike-jobs-pay-automation/
https://www.washingtonpost.com/opinions/2024/10/01/dock-worker-strike-jobs-pay-automation/


49.  Food and Agriculture Organization (2022) Labour impacts of agricultural automation, The
State of Food and Agriculture 2022

50.  Oane Visser, Sarah Ruth Sippel, and Louis Thiemann (2021) Imprecision farming? Examining
the (in)accuracy and risks of digital agriculture, Journal of Rural Studies 86: 623-632

51.  Oane Visser, Sarah Ruth Sippel, and Louis Thiemann (2021) Imprecision farming? Examining
the (in)accuracy and risks of digital agriculture, Journal of Rural Studies 86: 623-632

52.  Ryan Mark (2019) Ethics of Using AI and Big Data in Agriculture: The Case of a Large
Agriculture Multinational, The ORBIT Journal 2(2): 1-27; The Future of Farming: Technological
Innovations, Opportunities, and Challenges for Producers (July 13, 2017), House Committee
Hearing

53.  Ryan Stock and Maaz Gardezi (2022) Arrays and algorithms: Emerging regimes of
dispossession at the frontiers of agrarian technological governance, Earth System Governance 12:
100137

54.  Bayer Climate FieldView, Privacy Statement 

55.  Michael M. Grynbaum and Ryan Mac (December 27, 2023) The Times Sues OpenAI and
Microsoft Over A.I. Use of Copyrighted Work, The New York Times

56. Ryan Stock and Maaz Gardezi (2022) Arrays and algorithms: Emerging regimes of
dispossession at the frontiers of agrarian technological governance, Earth System Governance 12:
100137; Andreas Kamilaris, Andreas Kartakoullis, and Francesc X. Prenafeta-Boldú (2017) A
review on the practice of big data analysis in agriculture, Computers and Electronics in Agriculture
143: 23-37

57.  The Future of Farming: Technological Innovations, Opportunities, and Challenges for
Producers (July 13, 2017), House Committee Hearing

58.  Jonathan Greig (April 16, 2024) Food and agriculture sector hit with more than 160
ransomware attacks last year, The Record

59.  Madison McVan (October 13, 2021) FBI says ransomware attacks on food and agriculture
industry are increasing, Investigate Midwest

60.  Future Farming (March 29, 2023) Precision farming market to grow to USD 15.6 billion by
2030

22HEALFOODALLIANCE.ORG

https://openknowledge.fao.org/server/api/core/bitstreams/1c329966-521a-4277-83d7-07283273b64b/content/sofa-2022/labour-impacts-agricultural-automation.html
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S2515856220300110
https://www.sciencedirect.com/science/article/pii/S2515856220300110
https://www.congress.gov/event/115th-congress/house-event/106220?q=%7B%22search%22%3A%5B%22%5C%22Agriculture%7CGeneral%5C%5C%22%2C%22Farm%5C%5C%22%2C%22Commodities%5C%5C%22%2C%22and%5C%5C%22%2C%22Risk%5C%5C%22%2C%22Management%5C%22%22%5D%7D&s=3&r=1
https://www.congress.gov/event/115th-congress/house-event/106220?q=%7B%22search%22%3A%5B%22%5C%22Agriculture%7CGeneral%5C%5C%22%2C%22Farm%5C%5C%22%2C%22Commodities%5C%5C%22%2C%22and%5C%5C%22%2C%22Risk%5C%5C%22%2C%22Management%5C%22%22%5D%7D&s=3&r=1
https://www.sciencedirect.com/science/article/pii/S2589811622000064#bib77
https://www.sciencedirect.com/science/article/pii/S2589811622000064#bib77
https://climate.com/us-privacy-statement/#third-parties-with-whom-we-share-personal-data
https://www.nytimes.com/2023/12/27/business/media/new-york-times-open-ai-microsoft-lawsuit.html
https://www.nytimes.com/2023/12/27/business/media/new-york-times-open-ai-microsoft-lawsuit.html
https://www.sciencedirect.com/science/article/pii/S2589811622000064#bib77
https://www.sciencedirect.com/science/article/pii/S2589811622000064#bib77
https://www.sciencedirect.com/science/article/abs/pii/S0168169917301230
https://www.sciencedirect.com/science/article/abs/pii/S0168169917301230
https://www.congress.gov/event/115th-congress/house-event/106220?q=%7B%22search%22%3A%5B%22%5C%22Agriculture%7CGeneral%5C%5C%22%2C%22Farm%5C%5C%22%2C%22Commodities%5C%5C%22%2C%22and%5C%5C%22%2C%22Risk%5C%5C%22%2C%22Management%5C%22%22%5D%7D&s=3&r=1
https://www.congress.gov/event/115th-congress/house-event/106220?q=%7B%22search%22%3A%5B%22%5C%22Agriculture%7CGeneral%5C%5C%22%2C%22Farm%5C%5C%22%2C%22Commodities%5C%5C%22%2C%22and%5C%5C%22%2C%22Risk%5C%5C%22%2C%22Management%5C%22%22%5D%7D&s=3&r=1
https://therecord.media/food-and-agriculture-hit-with-ransomware-attacks
https://therecord.media/food-and-agriculture-hit-with-ransomware-attacks
https://investigatemidwest.org/2021/10/13/fbi-says-ransomware-attacks-on-food-and-agriculture-industry-are-increasing/
https://investigatemidwest.org/2021/10/13/fbi-says-ransomware-attacks-on-food-and-agriculture-industry-are-increasing/
https://www.futurefarming.com/smart-farming/precision-farming-market-to-grow-to-usd-15-6-billion-by-2030-2/#:~:text=The%20ag%2Dtech%20industry%20is%20expected%20to%20grow%20in%20the,a%20peak%20in%20the%20investment
https://www.futurefarming.com/smart-farming/precision-farming-market-to-grow-to-usd-15-6-billion-by-2030-2/#:~:text=The%20ag%2Dtech%20industry%20is%20expected%20to%20grow%20in%20the,a%20peak%20in%20the%20investment


61.  Beth Kindig (September 6, 2024) Prediction: Microsoft Azure To Reach $200 Billion In
Revenue By 2028, Forbes; Precision Agriculture Global Market Report 2023: Surging Investment
and Support in Climate-Smart Agriculture Practices is Driving Growth (May 25, 2023)
BusinessWire; Bayer sees more than doubling of accessible markets and potential to shape
regenerative agriculture on more than 400 million acres (June 20, 2023) Bayer

62. Lachlan Colquhoun (February 13. 2023), John Deere Decides to Farm Data, CDOT Trends 

63.  Emily Duncan et al. (2021) New but for whom? Discourses of innovation in precision
agriculture, Agriculture and Human Values 38: 1181-1199

64. Oane Visser, Sarah Ruth Sippel, and Louis Thiemann (2021) Imprecision farming? Examining
the (in)accuracy and risks of digital agriculture, Journal of Rural Studies 86: 623-632

65.  David Schimmelpfennig (October 2016), Farm Profits and Adoption of Precision Agriculture,
USDA Economic Research Service (accessed October 2024)

66. Michael Happ (January 29, 2024) Opening the door for more conservation, Institute for
Agriculture and Trade Policy; Michael Happ (March 2023) Still Closed Out: More progress
needed to connect farmers with federal conservation programs, Institute for Agriculture and
Trade Policy

67.  Philip Clancy (July 8, 2020) Making Your Variable Rate Technology Pay, CropLife; Brook Wilke
(May 10, 2023) Growing nitrogen with legume cover crops, Michigan State University W.K.
Kellogg Biological Station, KBS Long-Term Agroecosystem Research. The average oilseed and
grain farm in the US in 2022 was 845 acres, according to the USDA’s Census of Agriculture.

68.  PRECISE Act S. 720, 118th Congress

69.  Government Accountability Office (2024), Precision Agriculture: Benefits and Challenges for
Technology Adoption and Use

23HEALFOODALLIANCE.ORG

https://www.forbes.com/sites/bethkindig/2024/09/05/prediction-microsoft-azure-to-reach-200-billion-in-revenue-by-2028/
https://www.forbes.com/sites/bethkindig/2024/09/05/prediction-microsoft-azure-to-reach-200-billion-in-revenue-by-2028/
https://www.businesswire.com/news/home/20230525005486/en/Precision-Agriculture-Global-Market-Report-2023-Surging-Investment-and-Support-in-Climate-Smart-Agriculture-Practices-is-Driving-Growth---ResearchAndMarkets.com
https://www.businesswire.com/news/home/20230525005486/en/Precision-Agriculture-Global-Market-Report-2023-Surging-Investment-and-Support-in-Climate-Smart-Agriculture-Practices-is-Driving-Growth---ResearchAndMarkets.com
https://www.bayer.com/media/en-us/bayer-sees-more-than-doubling-of-accessible-markets-and-potential-to-shape-regenerative-agriculture-on-more-than-400-million-acres/
https://www.bayer.com/media/en-us/bayer-sees-more-than-doubling-of-accessible-markets-and-potential-to-shape-regenerative-agriculture-on-more-than-400-million-acres/
https://www.cdotrends.com/story/17841/john-deere-decides-farm-data#:~:text=Tracking%20tractor%2Dharvested%20data,spent%20on%20research%20and%20development
https://link.springer.com/article/10.1007/s10460-021-10244-8
https://link.springer.com/article/10.1007/s10460-021-10244-8
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.sciencedirect.com/science/article/pii/S0743016721002217
https://www.ers.usda.gov/publications/pub-details?pubid=80325
https://www.iatp.org/opening-door-more-conservation
https://www.iatp.org/sites/default/files/2023-02/Closed%20Out%202.pdf
https://www.iatp.org/sites/default/files/2023-02/Closed%20Out%202.pdf
https://www.croplife.com/precision-tech/making-your-variable-rate-technology-pay/#slide=84107-84095-1
https://www.canr.msu.edu/news/growing-nitrogen-with-legume-cover-crops
https://www.nass.usda.gov/Publications/AgCensus/2022/Full_Report/Volume_1,_Chapter_1_US/st99_1_075_075.pdf
https://www.congress.gov/118/bills/s720/BILLS-118s720is.pdf
https://www.gao.gov/products/gao-24-105962
https://www.gao.gov/products/gao-24-105962

