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Abstract

Big Data has the potential to change the fabric of agriculture as we know it today; but only
with wireless connectivity sufficient to employ telematics and other precision agricultural
technologies. The primary focus of this paper is on data transfer, specifically as an enabling
technology to precision agriculture. Limited wireless internet connectivity impedes the full
utilization and effectiveness of precision agricultural practices and subsequent agricultural
big data system. These failures lead to potential differentiation of farmland values; those
fields with adequate wireless connectivity commanding a premium. In the absence of
wireless data transfer for download and upload, precision agriculture technologies such as
telematics cannot be utilized efficiently. Improving wireless connectivity is a primary driver
of the adoption of big data. Increased connectivity could also intensify the adoption of
precision agricultural technologies leading to input cost savings and decreased input usage.
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Introduction

The United States and Australia are global leaders in food production and agricultural
technology adoption. For the 2014/2015 crop years the United States and Australia combined
to produce 19%, 22%, and 15% of the world’s coarse grains, oilseeds, and cotton,
respectively (USDA/FAS 2016). These countries are also significant adopters of precision
agricultural technologies, especially Global Navigation Satellite System (GNSS but formerly
referred to as Global Positioning Systems or GPS) enabled yield monitors and automated
section control, to name a few, are now standard on new equipment. This is a result of the
continuous innovation that takes place in the agricultural sector. Humans have advanced from
being hunters and gatherers to the point where we are annually increasing the yields of
primary commodities, such as corn, soybeans, wheat, cotton, etc. via improved genetics and
production practices (Fischer and Edmeades 2010). The increases seen in crop yields is a
function of technology adoption starting with improved management of these crops, the
adoption of precision agriculture technologies, and genetic modification (Evenson and Gollin
2003). To keep up with population growth it is expected that food production must double
between 2014 and 2050 (FAO 2009). To accomplish this, production agriculture will have to
continue efficiency improvements with respect to practices and inputs in order to optimize
output per acre and limit the negative externalities created through production intensification.
Success will depend on efficiently and effectively converting vast amounts of data that are
generated into information and subsequently knowledge to make real-time decisions and
justify the utilization of inputs.

Big Data has the potential to change the fabric of agriculture as we know it today. Big Data is
data whose size, scale, and unstructured nature require the usage of new analytical tools and
frameworks to be developed and employed (Sonka 2014). These frameworks need to be
flexible enough to weave together data from millions of acres and from various sources, such
as weather data, yield data, satellite imagery, small unmanned aerial systems (SUAS)
imagery, planting prescriptions, and equipment diagnostics just to name a few. If this can be
done, it has the potential to be the next agricultural revolution of smart products utilizing
precision application of inputs, yield monitors, and other site-specific sensors, analogous to
how smartphones changed popular culture, to a point where the system can be evaluated as a
whole. However, this revolution requires a new or at least different mindset compared to the
way most agricultural producers are operating today (Griffin et al. 2016). Many producers
today are rightfully only focusing on their own operation and have reservations regarding
several key questions including but not limited to:

= Data ownership: producer vs manufacturer vs landowner vs retailer;

= Data utilization, privacy, storage, and security: data access, utilization, sharing;
= Data value;

= Data transfer.

Each of these stated issues are substantial barriers to the technology (Ferrell 2016; Stubbs
2016); however, the primary focus of this paper is on the last topic, data transfer, specifically
as an enabling technology to precision agriculture. This paper proceeds assuming data
ownership, utilization, valuation, and especially data privacy have been satiated at least in the
short run. Limited wireless internet connectivity impedes the full utilization and effectiveness
of precision agricultural practices and the subsequent agricultural big data systems. In
simplest terms, wireless connectivity is an enabling technology for precision agriculture; and
lends itself to be the next infrastructure that may limit the usefulness of agricultural
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technology. In the absence of wireless data transfer for download and upload, precision
agriculture technologies such as telematics cannot be fully utilized. Whitacre et al. (2014)
borrow their definition of telematics from Heacox (2008) as “transmitting of data through
wireless communication links between the home base and field units”, however, an industry
standard definition is likely to be offered by AgGateway as “the transmission and receiving
of data over long distance communication links” (AgGateway 2016).' Wireless transmission
of agricultural data, i.e. telematics, is seen as a necessary condition for the maturation of big
data capabilities in agriculture. Telematics not only requires adequate wireless internet
connectivity bandwidth, but this connectivity is required in non-residential areas where
cellular services have not been offered at the same performance level as urban areas
(Whitacre et al. 2014). Without sufficient internet connectivity, the transfer of agricultural
data remains possible although with additional caveats.

According to Erickson and Widmar (2015), one of the most notable changes over the last
three surveys of agricultural service providers is the usage of telematics for field-to-home
office communications. In 2011, only 7% of service providers offered telematics data
services but the percentage increased to 15% by 2013, and to 20% in 2015. There were
slightly more dealerships offering telematics in the Midwestern US (17%) than in other states
(12%) in 2013, potentially due to the lack of broadband connectivity outside the Midwest
(Whitacre et al. 2014). In addition, the common wireless carriers utilized by the leading
equipment manufacturers have a larger presence in rural areas of the Midwestern US than
they do in other regions. Holland et al. (2013) reported that two-thirds of service providers
stated telematics are perceived to be an emerging technology with 30% suggesting an
uncertain future and 37% suggesting a promising future; indicating uncertainty with respect
to the future of the technology among service providers (Whitacre et al. 2014). Until wireless
internet is sufficient to transfer agricultural data, the impedance of telematics and precision
agriculture are likely to capitalize into substantial farmland value differences for internet-
connected and internet-deficit fields (Griffin et al. 2016). Griffin et al. (2016) describe
scenarios where the absence of biophysical and geo-spatial site-specific data could result in
penalties during farmland sales or rental auctions. They also describe how farmers are not
expected to pay similar rental rates for farmland without adequate wireless connectivity
ceteris paribus. In part, it is the wireless connectivity that empowers farmers to securely
archive the biophysical geospatial data in the former example.

The realization of the Big Data’s full value will not happen until the wireless connectivity
barrier is overcome. Expanding upon Whitacre et al. (2014) we have two objectives. First,
given the new broadband definition for the United States, we explore the wireless coverage
for the United States and Australia similar to Whitacre et al. (2014). We focus on examining
broadband availability for crop production regions. These high-production broad acre areas
are also the areas where precision agriculture adoption rates are expected to be the highest
and where telematics most likely to be employed; therefore where the value of big data is
initially expected to be fully realized. It should also be noted that some high value crop utilize
various aspects of precision agriculture. For example, viticulture is a classic example of a
high value crop that utilizes precision agriculture, especially yield monitors, irrigation, and
other monitoring sensors (Bramley and Proffitt 1999; Bramley 2001; Bramley et al. 2003,
2005). However, without adequate access to wireless internet, the development of a big data
system will lag behind potential development. Additionally, insufficient connectivity could

! AgGateway AgGlossary. Telemetry - The transmission and receiving of data over long distance
communication links. http://agglossary.org.
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limit the value of a big data system if the technologies used to populate the system are
inefficient in data transfer.

Status of Broadband Connectivity in US and Australia

Broadband connectivity across the globe but specifically within the United States and
Australia will have a significant impact on both big data utilization and on the agricultural
industry at large. In the absence of broadband connectivity and wireless data transfer, the
benefits of big data and telematics services are limited. In general the industry is experiencing
effects related to network externalities. In addition to constraining the profitability of
agricultural firms; lack of broadband connectivity limits the adoption and efficiency of
precision agricultural technologies that make use of or rely upon near real time connectivity.
Additionally, these precision agriculture technologies are the primary data collection methods
populating this big data system.

In the United States, the National Broadband Map (NBM) provides data on wireless
availability over a range of broadband speeds. Superimposing these data on top of publicly
available crop production data from the United States Department of Agriculture (USDA)
illustrates the need for increased wireless connectivity in nonresidential areas. Using
analogous data from Australia including Australian Government Department of Communications
and Australian Bureau of Statistics we compare and contrast these two nations known to be
leaders in production agriculture and technology utilization.

Current Status of Broadband in US

The United States Federal Communications Commission (FCC) updated the definition of
broadband in January 2015. The faster speeds required to be considered broadband brought
light to connectivity barriers, especially with respect to broadband connectivity gaps in
specific geographic areas such as agricultural production regions. Specifically, the 25
megabit per sec (Mbps) download speed requirement negates the majority of United States
wireless connections from being classified as broadband. Figure 1 shows the discrepancy
between the download and upload speeds required by the FCC to be considered broadband.

0 %
2010 2015
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Figure 1. US FCC-defined broadband speeds

© 2016 International Food and Agribusiness Management Association (IFAMA). All rights reserved.

46



Mark, Griffin and Whitacre Volume 19 Issue A, 2016

Recently passed state-level legislation, such as lowa’s “Connect Every Acre” bill that was
signed into law in June 2015, demonstrates the recognition of this topic by today’s policy
makers. In addition, recent congressional hearings on internet connectivity in general and
another specifically on big data in agriculture both discussed the ramifications of internet on
agriculture (see Ferrell (2015), testimony to U.S. House of Representatives). Many producers
currently employing precision agriculture technologies do not have access to broadband
speed wireless internet. Figure 2 shows the relationship between corn and wheat production
and download speeds. The dark black blocks represent areas where greater than 75% of the
population meets the 25 mbps download requirements and the majority of these blocks are
located in close proximity to major cities and not prime agricultural areas.
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Figure 2. Wireless download availability for corn and wheat production, 2015.

Figure 3 shows the relationship between corn and wheat production and upload speed broad-
band speed requirements. The low hurdle of 3 mbps results in significant parts of the country
achieving the hurdle to be considered broadband. Shearer (2014) points out that most
precision agriculture data needs to be uploaded rather than downloaded; and given that
upload speeds are substantially slower than download speeds, moving data such that real-time
decisions can be problematic. For some types of data such as machine diagnostics, planting
prescriptions, and the like the current speeds offered are probably adequate. However, yield
data and specifically imagery data may require connectivity speeds in excess of what the
industry currently offers. More importantly, these connectivity requirements may not be a
cost effective method of data transfer, given labor and connectivity costs.
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Figure 3. Wireless upload availability for corn and wheat production, 2015.

Current Status of Broadband in Australia

Similar to the United States, there are multiple mobile network providers in Australia.
Existing coverage providers include Telstra, Optus, Vodafone, and National Broadband
Network (NBN). The priority of these providers was initially voice coverage rather than data
coverage especially in rural crop producing areas, just as in the United States. As an example
Telstra (the largest Australian coverage provider) coverage areas is mapped in Figure 4. As
expected, the cellular coverage area mirrors that of the residential population areas. A primary
difference between the United States and Australia is that the Australian government provides
internet infrastructure for resale by retailers. Australia’s NBN is a government owned
wholesale provider of high speed coverage that sells via retail service providers. The NBN
provides coverage through fiber optics, fixed wireless, and satellite.?

2 see http://www.nbnco.com.au/ for more detail on NBN
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Figure 4. Wireless cellular coverage area from Telstra (the largest coverage provider in
Australia).

Source. https://www.telstra.com.au/coverage-networks/our-coverage

The land use across Australia is presented in Figure 5. Similar to the United States, there are
areas that are neither populated or cultivated. The areas of interest are the cultivated areas that
have low population and therefore minimal if any wireless internet connectivity. For instance,
the areas signified by the yellow, orange, and gold colors are agricultural production areas
where Big Data are most likely to be adopted due to precision agricultural practices. The red
and grey areas indicate urban and rural residential areas, respectively, to emphasize the
relative location of populous and agricultural production.
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Figure 5. Land use in Australia, 2005-2006.
Source. Australian Government Department of Foreign Affairs and Trade

Rest of World and Global Initiatives

The US and Australia are not unique across the globe in providing high speed internet. In
Germany, the government is pushing a 50 Mbps target up from the existing threshold of 11
Mbps for all users (Woods 2015). This doubles the currently highest global average speed of
South Korea of 24 Mbps (Woods 2015). Wireless internet providers have only started to
provide wireless connectivity sufficient to move data from crop producing regions far from
residential areas. These providers have been encouraged and supported by the efforts of
Google and Facebook to connect the world’s population. Facebook has been reported to
evaluate drones (Lee 2015), satellites, and high-altitude balloons (Patterson 2015) for
providing internet access in developing regions. Google has similar goals; to make internet
connectivity ubiquitous for every global citizen.
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To this point this study has focused on two heavily developed countries. However, this is not
to say that information gleaned from the adoption of telematics and big data analytics cannot
be transferred to developing countries. First, most likely the types of technologies that
Facebook and Google are developing will be needed for developing countries who lack the
capital to build the infrastructure needed for increased connection speeds. This could even be
said for some part of the United States. In the meantime, as we start to populate and gain a
deeper understanding of the agricultural systems both farmers in developing countries and
small farms in developed countries will benefit. Historically, precision agricultural
technologies have had economies of scale barriers to entry. With the introduction of big data
farmers in developing countries and small farmers will have the opportunities to benefit from
the findings. We suspect that the gains from farmers in developing countries and small
farmers will be relatively greater than those who are already utilizing precision agricultural
technologies. This would simply be a function of now being able to make better management
decisions with the newly acquired information.

Data Transmission Needs

Current forms of data transmission (i.e. cellular, wireless, and satellite) are lagging behind the
needs of production agriculture (Griffin and Mark 2014). CoBank (2016) just released an
infrastructure briefing where they interviewed producers about their data usage and needs.
The found that during peak harvest large producers can utilize 30 plus gigabytes of data per
month. This is more than double what they were using three years ago and the need is only
growing. There has been a significant push to increase availability of broadband internet
connectivity in rural areas, where the majority of agricultural production takes place. This has
been a very slow process that is not keeping pace with demand to the point that connectivity
is a barrier to the full utilization of current precision agriculture technologies or at least the
internet is seen as an enabling technology. Cellular and hard-wired providers have not been
incentivized to expand their services in rural areas due to the lack of sufficient voice service
customers needed to justify the investment. However, satellite based internet connectivity
could provide an effective solution over larger geographic areas. However, one of the
downsides to satellites is the signal can be interrupted and that can cause issues with
applications, such as John Deere Machine Sync, that require uninterrupted connectivity to
function properly (John Deere 2015)

The typical setup for producers today involves utilizing cellular connectivity to transfer data
or the status quo of manually transferring data. Current 4G cellular connections only allow up
to a 10 Mbps download speed, and upload speeds that range from 2 to 5 Mbps. Historically,
differences between upload and download speeds were several magnitudes different due to
residential uses relied more on download than upload. This is evident if one considers
watching streaming video via Netflix, i.e. downloaded data; however more recent phenomena
such as uploading ‘selfies’ to Facebook require relatively more upload. This has increased
wireless providers desire to improve upload speeds. Anecdotal evidence suggests wireless
connectivity has a 2:1 ratio of download to upload speeds in the US (Speedtest 2016).
Increasing the upload speed would provide the agriculture sector with a much needed boost in
capacity.

Little information actually exists or is not publically available on file size by type.

Additionally, precision agriculture provider has proprietary software used to package and
move the data. However, Shearer (2014) estimated that row crop producers potentially
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generate 0.5 kilobytes of data per plant. In other words, a corn producer with a plant
population of 30,000 seeds per acre could produce 15 megabytes of data per acre each year;
and if this were a 1,000 acre corn farm, they could potentially produce 15 gigabytes of data
per year that would need to be transferred. Extrapolating this out to the approximately 88.9
million acres of corn planted in 2015 there would be approximately 1,333.5 terabytes of data
produced. This estimate does not include the usage of drone or UAV imagery data that is
increasing in popularity in agriculture; the reliance on imagery from drones greatly increase
these data transfer requirements. The amount of data generated from drones will depend on
the type, frequency, and quality of images that are being taken (Buschermohle 2014).
Recently commercialized technology allows multiple automated section control (ASC)
enabled vehicles to share a coverage map so that each vehicle is instructed to turn application
on or off to prevent over application or gaps. Bennett (2016) reports economic implications
of shared coverage map technology and how satellite ping rates are not sufficient; suggesting
that cellular connectivity is the only viable option for coverage map sharing.

A key for most producers will be deciding which data layers will require real-time transfer
and analysis. Data layers that might require real-time transfer are yield data and equipment
diagnostics. However, some data layers could be wirelessly transferred after the fact once a
connection is achieved. Furthermore, without sufficient wireless data transfer service,
producers rely on manual data transfer which may not happen until after the season is over
and furthermore cause suspicion with third parties. Many third-parties require data in real
time from the sensor-based equipment to prevent data from being corrupted either
intentionally or unintentionally. By the time data are manually moved to the analytics,
opportunities to adjust management practices are missed, significantly affecting farm
profitability, productivity, and environmental impact. In addition, real-time communication
between farm equipment and online servers is not possible. Finally, land that lacks adequate
connectivity leads to geospatial data not being sufficiently backed-up in a timely manner,
therefore increasing the risk of this valuable data being lost, destroyed, or otherwise not used.

Discussion

These findings suggest that opportunities exist for the private and/or public sectors to
increase wireless connectivity infrastructure. This could be in the form of improved satellites,
increased wireless cellular infrastructure, or high altitude balloons. The primary criteria for
their usage will be upload capacity and reliability. Improving wireless connectivity could be one
of the primary drivers of the adoption of big data, or at least not to impede adoption. The
increase in connectivity could also increase the adoption of precision agricultural
technologies that can lead to input cost savings and decreased input usage. Without adequate
connectivity to allow efficient and cost effective data transfer, the value of the big data
system will be limited for both direct and indirect users, such as producers and consumers,
respectively. In the U.S., internet service providers, especially wireless providers, are all
private sector firms as opposed to Australia where the federal government provides basic
internet infrastructure for resale.

These results are of interest to public policy makers, environmental groups, private sector
satellite internet service providers, and members of the agricultural industry including
farmers, equipment manufacturers, and software companies. Quantifying the magnitude of
the problem and providing guidance toward a feasible solution will aide in maintaining a
sustainable production agriculture industry now and for years to come.
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Moving Forward

It is expected that over the next five years there will be an increased desire and demand for
producers to collect and analyze data in an effort to increase the efficiency of their operation.
This will be even more important during time periods of low commodity prices and increased
scrutiny over chemical and nutrient usage. If producers are able to track and verify usage of
these inputs, it could help minimize perceived environmental impacts and legal costs for
producers. Wireless data transfer technologies including satellite, cellular, hard-wired, and
potential balloon based systems are suitable candidates to fill the connectivity void and all
need to be explored. All of these technologies have the potential to be used for agricultural
data transfer but none are universally perfect for the task. However, specific characteristics
are sought to move forward with the increased data collection requirements within the
agriculture sector. The first and most important characteristic is reliable access. As seen in
Figure 2 and Figure 3 there are significant gaps in current broadband offerings and most of
these voids exist in prime agricultural areas. Currently, upload and download speeds are a
significant bottleneck for farmers depending on the file type and size, in terms of receiving
real-time feedback. This does not mean that internet connectivity is required for planting or
harvest. However, if the upload or download speeds are too slow, field efficiency can be
decreased and in turn decrease the number of acres covered in a given day. This can be
especially true in fields that are running multiple units and are requiring them to
communicate in real time where the other unit has been in the field. During planting season
slow internet speeds can mean the difference in getting the crop in before a weather event or
suffering yield penalties for an untimely planting, thus translating into potentially decreased
income for the operation. There have been substantial pushes by state governments to
increase broadband access to help increase business development in rural areas. However, the
expansion of broadband access has been very slow and is not keeping pace with the demands
of the industry.
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