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ABSTRACT

Each year adoption rates for precision agricultachnologies continue to
increase across Ohio. This study uses a doubti#eéhonodel, first estimating a farmers’
probability to adopt precision agriculture techrgyés on their farm, and then contingent
on their adoption, a linear regression model wasl wis estimate on a five-point scale
their level of satisfaction with precision agriauk. Additional linear models also
contingent on a farmer adoption of precision adgnca were run to determine a farmer’s
level of satisfaction with various individual prsitin agriculture technologies.
Demographic factors such as a farmer’s age, fates,sand the percentage of farm
revenue from livestock were found to be significaninfluencing the adoption decision,
yet had no effect on satisfaction with precision@dture, which was entirely dependent

on the technologies used.
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CHAPTER 1

INTRODUCTION

1.1 Background

Precision Agriculture (PA) is an emerging technglegth substantial promise to
aid both farmers and society. These methods, afsored to a®recision Farming, Site-
Specific Farming, Variable Rate Application FarmjgdPrescription Farmingallow
application of inputs to a specific cropland araadu on soil type, fertility levels, and
other endowments. The National Research Councilr@ittee on Assessing Crop Yield:
Site-Specific Farming, Information Systems, anddResh Opportunities defined site-
specific management as "a management strategydbatinformation technologies to
bring data from multiple sources to bear on densiassociated with crop production”
(p-2). To accomplish this, PA relies on advancetinelogies such as personal
computers, global positioning (GPS), automated anid, yield monitors, and variable
rate application of fertilizers and herbicides. BAised all over the world; however, it is
most common in the United States and in Westeroeur

The goal of a PA system is to manage each indiVigaizel in such a way as to
maximize expected profits for that parcel. Whileeentional systems determine input
needs based on average values for an entire fafi@drand apply inputs uniformly
based on these average conditions, PA determirmkaplies inputs based on needs for
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much smaller land areas, resulting in variable ispund yields in different field areas.

PA is expected to increase the economic efficiafagput applications over the entire
farmland area, as well as offering other benef#gond the bottom line. Proper use of PA
can result in lower levels of pollutants from anfidloy minimizing the use of excess
fertilizer and herbicide applications. However, &ése farmers cannot control for
stochastic factors such as weather, it is difficwidetermine optimal input allocation in
each parcel, and hence the profitability of PAteekastic (Swinton and Lowenberg-
DeBoer, 1998).

Precision agriculture practices dictate that, withigiven field, there is no one
optimal rate of input; rather, input rates varytsgly (Lark & Wheeler, 2003). Much of
the research in precision agriculture over the gastide has focused on the effectiveness
of variable rate application technologies, GPS layjgerspectral imagery. Researchers
have examined particular PA technologies in magpicaltural areas, asking how a given
technology works in a location, why it works, andawforces may be contributing to its
success or failure. The economic and environmemiadcts of PA are the driving forces
behind many of these studies. Governments and riipos are eager to understand how
PA might make agriculture more efficient. Ultimatgbrecision agriculture is about
resource allocation and maximizing economic efficieover the entire farm. PA does
not seek to maximize outputs or to minimize cdsts,to maximize economic efficiency
of input usage. From a private perspective, tlisdlates into maximizing profitability;

from a societal perspective, it affects both pevand social costs, such as pollution.



1.2 Need For This Study

Precision agriculture promises improvements to al/érm economic efficiency.
Both individual farmers and society can gain framcessful use of PA. However, while
the number of farmers engaged in precision farrhagincreased steadily, there are still
many farmers who do not practice precision agnealtThe potential economic and
environmental benefits of precision farming warrastudy of the factors that influence
its adoption. Defining and clarifying the factordluencing PA adoption is of use to
policy makers and educators who develop PA edutatiograms, or those who may
wish to stimulate increased adoption.

An assessment of precision farming practice adaptid®Ohio has not been made
in nearly four years. During this time, the agriauhl sector has experienced large
growth due to increased farm commaodity prices, asdyrecision agricultural systems
have become more commonplace, they have takemmraimportant role. This study
will serve to update interested parties on theestdPA in Ohio. Additionally, where
other studies have looked at specific PA componentsurveyed PA practices within a
given region or regions, this study will explore flactors leading to positive returns.
Effective PA is best thought of as a system of hebbgical components, not as specific
device or technology. There is, however, no stath@# system; the optimal
configuration of PA technology components will bie-specific, varying with farm
needs. These systems are complicated and canyeamtal- and time-intensive. This
study will provide guidance for those looking teate their own PA systems, using data

from existing systems to advise farmers on achgewaximum positive returns.



1.3 Major Precision Agriculture Technologies

PA is an emerging technology, or rather a suitecfnologies, with substantial
promise to aid both farmers and society. These odsthllow application of inputs to a
specific cropland area based on soil type, fertibivels, and other attributes. The PA
concept is based on the ability to repeatedly bmegbosition within a field, incorporating
four technologies to allow data collection, deamsmaking, and input application all tied
to specific locations. These are remote sensinmggrgghic information systems (GIS),
global positioning systems (GPS), and process cbfBatte, 2000).

Treating PA as a suite of technologies is importanthis study. There are a
number of component technologies that will addoessor more of the four activities
just described, and the farmer will select fromsthbased on his or her specific needs.
For instance, if fertility levels vary significagthcross a farmer's field, then an
appropriate PA system for that farm will includetheals of fertility assessment for
different field locations, site-specific fertiligcommendations, and a mechanism for
delivering the prescribed levels of fertilizer neiits to each site. Following is a brief

description of important PA component technologies.

1.3.1 Global Positioning Systems

Global positioning systems use United States Dapart of Defense satellites to receive
coordinates and navigational data. Units can bélneld or console-mounted in farm
machinery. This technology supports georeferenoédampling, weed/pest scouting,
and storage of yield data from monitors with logatidentifiers, enabling inputs to be
applied at variable rates according to a geographap, as well as allowing guiding
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assistance or autosteer. Most GPS is different® Gr DGPS, an improvement over the
original technology which calculates position ustiaga from satellites to determine the

distance between the unit and a series of fixedrgtdoased stations.

1.3.2 Georeferenced Soil Sampling

Georeferencing is a means for defining locatiorthiwia set physical space. It is
often performed with computer mapping tools. Whseadufor soil sampling,
georeferencing allows farmers to map out the sogosition on their farms, providing

for more informed decisions about planting and ssagy fertilizers.

1.3.3 Georeferenced Pest and Disease Scouting

Georeferencing can also be used to track the mavisnog insects and diseases
through a field. With enough data, farmers coukbtletically predict these movements
and apply active or preventive treatment only &aarin need, saving money and

reducing the amount of chemicals put into the emritent.

1.3.4 Variable rate application of fertilizers dimde
Variable rate application uses mapping and soilpiag to determine which nutrients
are lacking in the soil and where these deficienoecur. The farmer then applies

nutrients only in the amounts needed, to the am@se they are needed.



1.3.5 Variable rate application of herbicides ardtgides

Much like fertilizers, herbicides and pesticidesyrba applied with VRT. Rider
(2006) shows VRT to be effective at combating nplatitypes of weeds using
postemergence herbicide, though he rejects themasy quadratic model of cost
evaluation in favor of a Mischerlich model, whiabriects for spatial autocorrelation.

Using this model, VRT is shown to be effective bat profitable (Rider et al, 2006).

1.3.6 Variable rate seeding

Seeding a field in an even fashion makes littlessebecause not every point in a
particular field is equally fertile, of the sameldgpe, or of equal slope. Using GPS
technology combined with a yield monitor, farmerrs able to determine the more fertile
parts of their land. To some extent, farmers hdways known that some fields produce
more crops than others, but these advances indgdnnow allow farmers to analyze
small areas and estimate their fertility. Like otlaariable rate technologies, variable rate
seeding is about making the most of one’s resowgesing land and capital in an

efficient manner.

1.3.7 Yield monitoring

Yield monitors measure the volume of grain harwsieit enters a combine’s
storage bin. This data is collected across a flelihg harvest. Once analyzed, it may be
used to develop yield and growth patterns on d figlovided that the yield monitor is

used in combination with a GPS system and dateaelogg



1.3.8 Precision guidance
Precision guidance is among the newest additiotisetsuite of precision agriculture
technologies. This technology uses newer, morerateGPS systems to automate

tractor or combine navigation.

1.4 Objectives

The goal of this study is to assess the currer lefradoption of various precision

agriculture technologies by Ohio farmers, and tal@ate the usefulness of these

technologies. Specific objectives include:

1. To identify those demographic and economic f&cégsociated with adoption of
precision agricultural technologies.

2. To estimate the degree of user satisfaction Rtlpractices and to determine those

factors, including PA system design, that influetielevel of satisfaction.

1.5 Hypothesis

| hypothesize that demographic and economic cheriatits such as farmer age,
education, off-farm employment, and technologieahiliarity, as well as farm size and
cropping patterns, are the primary factors whicteeine PA adoption. Type of farm
operation is expected to be a significant predjdaamers whose main crops are grains
or oilseeds are believed to be more likely to adtdtas opposed to farmers whose land
is primarily devoted to livestock. Adoption rates aaypothesized to greater for farmers
with lower debt to equity ratios, as such farmérsutd be more able to bare the financial
costs associated with adoption. Satisfaction widtision farming, based on the above

v



definition, is likely to be governed by economidscale. All other things being equal,
therefore, satisfaction rates among larger farragxdikely to be higher than those of
smaller farmers. A secondary hypothesis is thasiZems not utilizing GPS are likely
to result in farmer satisfaction, but GPS in cogjion with yield monitors and/or
variable-rate application techniques will resultnoreased satisfaction. Lastly, | predict
an abnormality with regards to satisfaction amarghers who work off-farm. While
these farmers are expected to adopt PA at a later Irpredict that those who do are
more likely to be satisfied with their system. S#@i@hmers, having less to risk, will have

lower expectations.



CHAPTER 2

REVIEW OF LITERATURE

2.1 Innovation

The decision of whether or not to innovate, regagdidoption of new processes
or technology, is characterized by Rogers (199%)aamg five distinct steps. An
individual must first obtain knowledge of the inmdon, form an attitude toward the
innovation, and decide to adopt or reject it. kgquted, the innovation is implemented,
and the individual then confirms the decision. ©hger and length of the decision-
making process is flexible and can change deperahrfgctors of the culture in which
an individual operates, especially variations sk tiolerance (Rogers, 1995). Throughout
the process, the individual must analyze the rasic benefits of change. Rogers (1995)
suggests that the length and complexity of thi€@sse helps to protect the potential
innovator from the uncertainty associated with gfearinnovation always possesses the
guality of newness, which is not inherently neyttiaé innovator must determine the
positive and negative qualities of newness and wWagh them against uncertainty
(Rogers, 1995). This tension between newness acettamty makes the decision to
innovate distinct from other forms of decision-maki

Theknowledgestage, as proposed by Rogers (1995), begins whamardual
has both become aware of an innovation and alselaleed at least a cursory
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understanding of it. The question of first causeyéver, remains: as individuals, do we
seek out innovation because we have an unresobed, mhich we hope to solve by
innovation, or do we perceive innovation and thewalop a need for it (Rogers 1995)?
Individuals cannot actively seek out innovationilutiey become aware of its existence,
so they may not be able to articulate the neethfayvation prior to that awareness
(Rogers, 1995). Awareness of innovation must coynadgident, through a third party,
or a result of serendipity. Induced innovation agined by Hayami and Vernon (1985)
allows for a fourth means: innovation by discovimpugh experimentation. Coleman
(1966) supported the idea of accidental awarengs®ting that, in the early stage of the
innovation process, physicians obtained much of #m®wledge about new drugs
through advertising, salespersons and other fofraeramunication not actively sought
by the doctor. Many others have argued the oppdséssinger (1959) notes that
individuals rarely listen to messages regarding@uation, unless they already feel the
need to innovate. Individuals are exposed to thuisaf messages everyday, most of
which receive little or no serious thought; onlpsk messages that speak to an
established need or want are given attention.

Rogers (1995) noted seven key differences betwady &d late knowers of
innovation. Early knowers of innovation are morsmopolitan and have more formal
education, higher socioeconomic status, greatessexp to mass media, more
interpersonal channels, more contact with changatagand are more social individuals
(Rogers, 1995). Knowledge is the first step indkeision to innovate, but early
knowledge of an innovation is by no means an asserthat an individual will be an
early adopter. The quality of that knowledge is amant, as an individual presented with
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insufficient information regarding an innovation yri@e unable to recognize its
relevance; relevance to the individual is anothajomfactor in the decision to move past
theknowledgestage (Rogers, 1995).

If sufficient information exists for a decision aligelevance, and the individual
judges an innovation to be personally relevanty firegress to thpersuasiorstage. In
this stage, an individual develops a positive ajatiee perception of the innovation
(Rogers, 1995). Unlike tHenowledgestage, which is grounded in cognitive processes,
thepersuasiorstage relies on an individual's feelings and ims$iffRogers, 1995).
Because these measures are subjective, the camdubey inspire may be arbitrary and
of a personal nature. This is a psychological stagendividual, having developed
guestions in th&nowledgestage, will now actively seek out answers whicH élp him
or her develop an opinion of the innovation (Rog&g95).

The decision-making process during this stage tidimited to developing and
seeking out answers to questions. An individual jaging their existing knowledge of
an innovation, apply it to their current situatemd run a kind of mental trial (Rogers,
1995). Those individuals who possess a greatercagpa think hypothetically might
have an advantage in speed at this stage. As thailg consider inclusion of the
innovation in their current and potential futureiations, they assess the theoretical
usefulness of the innovation, but even those musaitsforward thinking cannot contrive
trials to address every possible future situation.

Innovations always involve a degree of uncertaiRiygers (1995) suggests that,
due to this uncertainty, individuals will look toetir peers for unbiased information
regarding the effectiveness and possible consegsef@n innovation in the
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individual’s situation. Such information can befidiilt to acquire, particularly if the
innovation is new or relatively unknown. However, €stablished innovations, it may be
possible to find scientific studies and peer evatuns.

Rogers (1995) notes that while the main outcontaepersuasiorstage is the
development of an opinion toward an idea, and\lnale an action commensurate with
that opinion usually follows, this is not alway®ttase. A favorable attitude toward
innovation does not assure adoption, and an urdd@attitude does not always result in
non-adoption. Such discrepancies are called theP4gap,” where KAP refers to
knowledge-attitude-practice (Rogers, 1995). The Akdap” can arise because the
innovation is physically unavailable to the indival for reasons including financial
restrictions or low supply of the necessary tecbgpl As innovation is a social process,
individuals who receive no reinforcement from thagers, whether as a result of a
limited social network or of cultural mores, mayt adopt an innovation despite having a
positive impression of it (Rogers, 1995, 1973).

For most individuals, however, developing a posittitude toward the
innovation will lead them to tha@ecisionstage. Here, an individual must make a binary
decision regarding the innovation: adoption oreepm. The decision to adopt does not
require immediate, full implementation of an innbeg; rather, to minimize uncertainty,
some sort of trial period or partial implementatiscommon (Rogers, 1995). In some
circumstances, the individual may substitute tia¢ tif an innovation by a close peer or
decision leader for their own (Magill and Roger@31). Should the innovation prove

effective during the probationary period, full atiop usually follows.
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The other alternative in thaecisionstage is rejection. While rejection is not
unique to this stage of the process, it is thedppbrtunity an individual has to reject an
innovation before making an investment. Any rem@tiof an innovation after this stage
will almost certainly have a cost associated wtitlt is also during this stage that the line
between passive and active rejection is drawn.dine(1979) observed that there are
two types of rejection, active and passive:

Active rejectionoccurs when an idea is considered, perhaps tiigdjltimately

not adopted.

Passive rejectioinonadoption).occurs when the individual does not consider or

implement the innovation.

Active and passive rejection are different behevitvhen active rejection occurs, it is
unlikely an individual will reconsider the innovaii unless their situation or outlook
changes. However, if an innovation is rejected igaks an individual could conceivably
reconsider at any time.

Having adopted an innovation on a limited basis, @@eming the result of adoption to
meet expectations, thplementatiorstage begins and the innovation is put to full use.
Implementation will always follow thdecisionstage unless prevented by a logistic
problem (Rogers, 1995). Despite having decidednainidual still feels uncertainty
about the innovation, as a trial period only denti@tss effectiveness on a small scale
(Rogers, 1995). Unexpected problems of scale laedylto appear as full implementation
occurs, resulting in additional possible costs, tedindividual must react to unexpected
developments by seeking out specialized knowleligplementationas seen by Rogers
(1995), ends when the innovation is fully instiumalized.
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For some individuals the innovation decision-makpngcess ends witimplementation;
however, Rogers (1995) observes that other indalgdaxperience a fifth stage called
confirmation Once time has passed, an individual may see&inforce and thereby
confirm their initial decision, or change the demmsin the face of new evidence. Rogers
(1995) describes thmonfirmationstage as the battle to avoid, or at least redbeestate
of internal disequilibrium or dissonance. An indival who experiences high levels of
dissonance will take steps to restore their sehsgulibrium, steps which often
manifest as behavioral changes (Festinger, 19%u3.may occur as the result of the
individual acquiring new information post-adoptithat contradicts earlier information
(Rogers, 1995).

During theconfirmationstage, an individual may take two paths, dependmthe earlier
choice: discontinuance or adoption. In reactiothtostate of dissonance, an individual
acquiring new information may choose to discontinge of an implemented innovation.
Discontinuance takes two distinct forms: replaceinmarolves the abandonment of an
innovation in favor of a newer, supposedly bettietai, whereas disenchantment involves
rejection of the innovation for performance (Rogé@95). In either case, discontinuance
is a sign that the innovation was not fully indibnalized. Rogers (1995) suggests that
later adopters are more likely than early adogtediscontinue an innovation.

As a result of theonfirmationstage, an individual previously uninterested io@n
might progress to th@ecisionor implementatiorstage. After more peers institutionalize
an innovation, its advantages and benefits mayrheadearer, resulting in greater
availability of objective and subjective informatidOther individuals may then adopt an
innovation because they have more information &ktitowledgestage.
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2.2 The Adoption Curve

Technological adoption is often thought of as failog an S-curve (Lowenberg-
DeBoer, 1998). Lowenberg-DeBoer (1998) arguesphetision agriculture adoption
follows this pattern. Assuming that past practicage yielded satisfactory results, there
must be some incentive to expend capital and de¥ain a particular course. If past
performance has been unacceptable, it is easriatibtmalize the need for a change, and
the required incentive is less. Performance isliystiee benchmark, as a person is likely
to weigh any future gains relative to their currpasition.

The adoption cycle is characterized by three dispphases: early adoption, rapid
adoption, and a plateau. However, there is ncesgfth of time for these phases; their
length is governed by economic conditions andntextent, media exposure
(Lowenberg-DeBoer, 1998). Technologies begin thath to widespread implementation
in the early adoption phase, once they have beesiajged and tested to ensure that they
meet at least minimum safety standards. When censglwhether to adopt a new
technique or technology, a rational individual wikigh three questions: what are the
potential profits, what are the potential risks &ogv much will adoption/implementation
cost (Lowenberg-DeBoer, 1998).

Lowenberg-DeBoer (1998) notes that most innovatfaiiso move beyond the
early adoption phase; they fail to live up to expgons, they are too difficult to use, or
the costs are too high. A small proportion of inatians reach the mainstream market,
but most of these will also burn out and be abaadan time. Only a few truly timeless
innovations, such as the wheel, do not burn oekdttimeless innovations are easy to
use, easy to produce, and offer visible, quantéifienefits.
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Rapid adoption, according to Lowenberg-DeBoer (1988curs once a
technology has proven effective and its implemaemgprofitable. This stage of adoption
begins when groups beyond the early innovators makeof the technology. At this
stage, a given technology is becoming better kntmithe general public. The plateau is

reached once the public has been educated abougctiheology and are using it.

2.3 Types of Adopters

Deutschmann and Fals Borda (1962) created fiveggoats of adopters based on
an individual’s general tendency toward innovatiomovators early adoptersearly
majority, late majority andlaggards Innovators and laggards differ greatly with regard
to socioeconomic and communication variables (Béutgnn and Fals Borda, 1962,
Rogers, 1961). Rogers (1995) identifies the fiyies/of adopters as archetypes; as such,
exceptions are present and will continue to appear.

The first adopters of an innovation are innovat®sgers (1995) characterizes
such people as possessing a high degree of cyragitventuresomeness. Such
individuals are apt to expand their horizons byksegout knowledge from beyond their
locale. The nature of innovation also requires shah people be willing to suffer
setbacks, particularly when their decisions praxa®irect. For this reason, innovators
typically are lower in risk aversion than are laadopters, and Rogers (1995) suggests
they are also more likely to have control of abaverage financial resources.

Early adopters are perhaps the most important giamugme diffusion of an
innovation. While they are not the first to adoptianovation, early adopters tend to
make their success and failures very public. Ia Wiy, they become change agents,
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those to whom other potential adopters look fori@eland help (Rogers, 1995). An early
adopter is neither far ahead of nor out of toudt wie general community, and so is in a
position to take a leadership role when the innowatlecision process begins for the
general community (Rogers, 1995).

At the peak of the adoption curve are the earlyomigjadopters, average
members of society who make up the largest groupeofive types. Early majority
adopters open up lines of communication betweerdhky adopters and the more
skeptical elements of society (Rogers, 1995). While group may take longer to make
the implementation decision than the previous twoupgs, they are open to new ideas
and willing to expose themselves to some risk (RagE995).

Late majority adopters, by contrast, are willindisten to new ideas, but are
reticent about changing their ways and incurrindita@hal risk. Rogers (1995) found that
the late majority adopters’ motivation for adoptimay come from outside forces,
namely economic reality. These individuals beconoeenwilling to adopt as they suffer
economic consequences from avoiding adoption.

Some individuals refuse to innovate, regardlessoatequences; Deutschmann
and Fals Borda call these people laggards. Ro@885] suggests that this group of
people tends to be socially isolated, and thusrpbsed to the same mass media
messages as the rest of the community. This digpefrknowledge and information
results in an abnormally long decision-making psscevith past decisions being the
main point of reference. Innovations with low compidity are particularly difficult for

this group, as there is no past reference poigtitde their decisions.
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Socioeconomic, personality, and communicationsabées differentiate early
adopters from early majority adopters, late mayaadopters and laggards. Rogers (1995)
places innovators in a sort of separate groug&sdo little to spread the innovation and
are less tied to the community than the other tyRBegers (1995) identified five
socioeconomic factors as separating early adoptarsthe rest of the community. Early
adopters are more likely to be literate and to lastensive formal education that might
make innovation seem less complicated. Addition@tucation provides greater
exposure to the world of ideas and the means fqguieng new information, both of
which would aid and hasten the decision-making @ecRogers (1995) found that early
adopters begin in a higher socioeconomic positrahleve greater upward mobility,
with access to resources that help minimize pakfitiancial risk associated with
innovation.

Rogers (1995) also introduces the argument of saalee comments that early
innovators are more likely to have larger unitsthey farms or corporations. Innovation
frequently increases efficiency or decreases cestigrger entities naturally stand to
benefit more through implementation. Age as a faistinterestingly absent; Rogers
(1995) concluded, by reexamining earlier work, tige may have played an inverse role
in the decision-making process, but that it nowplan inconsistent role and should not
be thought of as a factor. However, for complextetogies, particularly "high-
technology" innovations such as computer and in&dion technology, age is a
significant determinant of adoption (Batte et &9Q; Putler and Zilberman, 1988).

Personality, too, plays a differentiating role ve tadoption process. Early
adopters are less dogmatic and possess greatettgniBagers, 1995). Less dogmatic
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individuals are not so strictly bound to traditi@amd thus possess greater, and more
empathetic individuals are better able to undetsteow the innovation will affect them
and others. In a similar vein, early adopters amegally better able to understand
abstractions and cope with uncertainty (Rogers51L9s early adopters possess greater
literacy and education, Rogers (1995) charactetlza® as more rational, favorably
inclined toward the sciences, willing to acceptradig and generally more intelligent
than later adopters. This assessment leads towdariargument: is an individual
favorably inclined toward change or science asltesiheir education, or is their
education the result of a preexisting inclinatiorihis regard? Rogers (1995) also
overlaps socioeconomic and personality charadiesisthen he says early adopters have
higher aspirations for their lives, which is nadically different from his observation that
early adopters are upwardly mobile.

The decision-making process is bolstered by comaation. Early adopters must
therefore have greater access to mass media. RA§ES) observes that early adopters
are socially active, cosmopolitan, and more curibas later adopters. Early adopters
must also be willing to take a leadership rolehia diffusion of an innovation (Rogers,
1995). While Rogers does not discuss the subjeetjrmagines that the communications
characteristics are the major point of differempiatoetween innovators and early
adopters. Innovators are characteristically contteReep the innovation for themselves,
while early adopters are the true change agentslaaapions for an innovation.

The idea of socioeconomic, personality and comnaiins variables being
important in the categorization of adopters wasated by Lowenberg-DeBoer (1998),
who suggests seven factors: age, education, resisi@awn, the ability to endure risk,

19



adjustment cost, learning curves, and peer pressoteger people are generally more
open to change than similar older people, andhemesfore more likely to be early
adopters. This contradicts Rogers’s (1995) cormerttiat the association of age and
innovation is inconsistent. Better-educated peapdemore likely to have access to
information regarding technology and an understagnadi how the technology works,
factors which influence adoption; hence, bettereatied people tend to be earlier
adopters. Risk aversion plays a significant rolthanspeed of technological adoption;
early adopters are less likely to be risk-aversgk4oving individuals need less incentive
to change, and so will adopt earlier (Rogers, 1988&¢hnologies with lower adjustment
costs see faster adoption rates, as do thoserthatay to understand. Complicated
and/or difficult technologies suffer, as they nesalre explanation to be understood.
Finally, peer pressure can be a factor; some sesiplace a social benefit on having the

latest technology, while others resist technoldgibanges.

2.4 Rate of Adoption

Five general attributes explain the speed at waricinnovation is adopted, a rate
generally measured as the number of individuals adapt the innovation within a set
period (Rogers, 1995). Of these five attributegyéte (1995) suggests that terceived
attributes of innovationare the most significant. The other attributestype of
innovation-decisioncommunication channelsature of the social networkndextent of
change agents’ promotion effoiRogers, 1995).

Theperceived attributes of innovatioase relative advantage, compatibility, complexity,
trialability, and observability (Rogers, 1995). R#&le advantage with regard to
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innovation looks at the relative superiority ofartocular innovation to previous related
innovations. For example, portable music techne@ediegan with the radio, which
offered little direct control over the music beiplgyed. The eight-track cassette offered
more control, but was replaced by the long-plagets, which allowed more music on
one tape. CDs did not generally hold more songs éhlang-play cassette, but they
offered much greater sound quality. Most receMl?3 players offer the same sound
guality while also allowing playlist customizatiand storage of hundreds, if not
thousands of songs, in a smaller and more portabieat than CD players. Each of these
innovations built on the positive aspects of pragicnnovations and made some
significant improvement in terms of sound, sizecapacity.

Quiality is, however, not the only advantage an waion might possess. Rogers
(1995) suggests that the nature of an innovatii&ive advantage, whether it be
gualitative, economic, or social, is determinedhmsy specific innovation, and an
individual’'s perception of that advantage usualg la positive relationship to adoption
rates. Technology generally has one of two effenta product; it can increase the
number of features, and in doing so increase tioe por it can reduce production costs,
decreasing price. When prices are reduced, adojstiemcouraged, as the innovation is
easier for more individuals to afford (Rogers, 199%e addition of features may also
increase rate of adoption, regardless of priciaefpublic places a high premium on the
new features. The relative social advantage ohaaviation is tied to the public’'s
perception of and attitudes toward the innovatguth as the value placed on high-tech
devices in American society. Early adopters ancetiréy majority are more likely to
place a premium on status and its symbols tharr tfhes of adopters (Rogers, 1995).
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When dealing with status-conferring innovationsgradoption can become a problem.
The extreme desire for change causes some indigituanake the adoption decision
without acquiring knowledge of the innovation @& @onsequences, perceiving some
aspect of the innovation as so desirable thattléraconsiderations are made invalid
(Rogers, 1995).

While a new innovation is by definition differembm the earlier innovations it
supplants, there may exist a degree of compayibditotherperceived attribute of
innovationsdefined by Rogers (1995) as the degree to whidhrasvation is understood
to be consistent with the existing values, pastearpces, and needs of potential
adopters. Compatibility serves to cancel out sohteeuncertainty associated with
innovations (Rogers, 1995). Compatible innovatioage the advantage of seeming
somewhat familiar from the outset, which can rednoevation-decision process periods
and increase its adoption rate (Rogers, 1995).

Rogers (1995) believed an innovation could showgatibility in any of three
broad categories: socio-cultural values and belmfsviously introduced ideas, or
individual needs. No matter how beneficial, eagsynexpensive an innovation might be,
its large-scale adoption may be prevented if itsdo@ conform to cultural values, an
idea which has on numerous occasions complicatedremig innovations. The early
stages of the innovation-decision making processrantal; old ideas often serve as
reference points. Innovations that radically bredtk tradition are therefore much more
difficult to accept. Tradition breeds familiaritywhile any departure from tradition causes
uncertainty (Rogers, 1995). Cultural values anditi@ can and do change over time,
and frequently the impetus behind such a changead. If policy makers and other
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change agents can determine the needs of indiggdiinly can introduce innovations that
are sure to be adopted. Determining the needslofiduals, as Rogers (1995) points out,
is not an easy task, and in order to be accurgtéres significant investment in
relationships.

Rogers (1995) describes complexity as the difficaftusing or understanding an
innovation. Potential adopters judge an innovatiopart on its clarity, and an innovation
that the general public finds unduly complex by glea@eral population may be diffused
more slowly. Rogers (1995) generalizes that anrseseclationship exists between
complexity and the rate of adoption.

The third stage of the innovation-decision makingcpss, thelecisionstage,
often involves a period of trial. Trialability refeto whether an innovation may be
implemented on a limited basis; those innovatiohglvare not suitable to partial
implementation will have a slower rate of adoptiArtrial period gives a potential
adopter the opportunity to test the claims of tireovation against their personal
situation. Earlier adopters place a premium onatipidity, as direct testing must be used
to compensate for the relative lack of unbiasedrmftion on an innovation (Gross,
1942; Ryan, 1948). Rogers (1995) generalizes dip@selationship between trialability
and adoption rates. The fina¢rceived attribute of innovatiomns observability, a
characteristic of innovations whose results aréliyigisible and differentiable. Rogers
(1995) generalizes a positive relationship betwssneeived observability of an

innovation and its rate of adoption.
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2.5 Induced Innovation

Hicks originally assumed innovation to be neutkaklev and Peterson, 1995).
Hayami and Ruttan, in their woAgricultural Developmeniutline a model of
economic development in which technical and insthal change are endogenous to the
economic system. In this system, technical chasgeduced by supply and demand
factors, as well as by institutional change (Hayand Ruttan, 1985). Circularly,
institutional change is a product of supply and dedfactors along with technical
change (Koppel, 1995). Technology can substitiggpensive factors of production for
more expensive factors of production, and changeslative endowments or resource
prices give firms the incentive to innovate (Gralkkiw1995). Innovation does not occur
in a stagnant society, because no reason to inmexats. Should an innovation appear
in such a society, perhaps as result of contatt thé outside world, adoption would not
occur without a suitable impetus for change. Wthke supply side of the innovation
equation has not been developed as well as therakside, cost and expected gain are
important factors, as is culture (Grabowski, 199%)e effect of culture on innovation,
particularly the diffusion of innovation, is profod; as Rogers observed, some

innovations are welcomed in one society and shumadother.

2.6 Briefly: What is Precision Agriculture

Governments and corporations are eager to unddrbtam precision agriculture
might make agriculture more efficient. The econoamd environmental impacts of PA
are the driving forces behind many studies. Pregiagriculture is about resource
allocation and maximization of the potential outpah a tract of land. These practices
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dictate that, within a given field, there is no apimal rate of input; rather, input rates
vary spatially (Lark & Wheeler, 2003). Much of tressearch in precision agriculture over
the past decade has focused on the effectivenassiable rate application technologies,

GPS and hyperspectral imagery.

2.7 GPS Technology
Global positioning systems, or GPS, use the 24ddrfitates Department of
Defense positioning satellites to determine a pwsé&nywhere on Earth. For optimal
function, the GPS receiver needs to be in contébt at least three satellites, allowing
triangulation. The satellites themselves are irstamt orbit around the earth, making it
relatively easy for such contact to occur. Civil@RS units fall into two broad
categories: handheld GPS and differential GPS,@PH. Handheld GPS units were
developed primarily for outdoor recreation actedtiand are less accurate than DGPS. By
contrast, DGPS was developed with agricultural igppbns in mind and is made to be
combined with a guidance system. However, most Ingliddunits are still accurate to
approximately 20 feet and cost a fraction of therage DGPS unit. For this reason,
handheld GPS units are frequently encounteredromsfaA study out of the Virginia
Polytechnic Institute cites several possible usdsmodheld GPS in precision farming:
1. Map the boundaries of wet spots for futuredil@inage decisions or for future
crop scouting activities.
2. Map the boundaries of patches of perennial wesdsiture site-specific
herbicide applications (spot spraying). Annotatessthmapped boundaries with
ratings of the severity of the weed problem so Vioat can prioritize your
spraying schedule.

3. Identify drain tile blowouts or sinkholes forttwe repair in dry conditions, or
to help avoid them with the tractor and planterimyifield operations.
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4. Chart areas for future site-specific insect-peshitoring, such as areas where

black cutworm (BCW) larvae would feed on futurercorops.

5. ldentify points where machinery failed, malfuooed, or operation was

delayed.

6. Map areas of hybrid trials and field experimdnsginia Cooperative

Extension Publication Number: 442-5@803)
While an invaluable tool for PA, GPS is not withatstflaws. GPS alone has been shown
to provide an inaccurate position, particularhamneas where buildings or other large
structures are present (Taylor et al, 2005). Snabduracies have led to the creation of
Map Matched GPS, a process that enhances GPS egchuather integration of GPS

with geographic information systems (GIS) provitesa still low-cost, but more

effective solution to the positioning problem (Tayét al, 2005).

2.8 Variable-Rate Application: Fertilizers

Variable-rate application (VRT) technologies inauertilizer and pesticides, and
are further sub-divided based on the particulantsyapplied and the crops in question.
Precision agriculture is more prevalent among gaaith seed crops; corn producers have
been particularly enthusiastic. There is some b that, in a poor growing season,
VRT might produce superior yield results (WangleR@03). The economic success of
VRT is strongly correlated with the earning potehtif the crop (Swinton and
Lowenberg-DeBoer, 1998). Hence, VRT is more likelype employed in high-priced
commodity crops such as corn; as soybean pricesdse, it is possible more soybean
farmers will adopt variable rate technologies.

Several studies on VRT contrast the effectivenésisi®technique with that of

uniform rate technologies (URT). Variable-rate tealogies are commonly employed to
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apply lime, phosphorous, nitrogen, herbicides,ipel&ts and seeds. With fertilizers, VRT
proponents argue, the benefits are twofold: sieesic application of fertilizers helps
reduce costs by lowering the amount of inputs,ialessens the farm’s environmental
footprint (Wang et al, 2003). A study by Wang of VRs. URT for lime and phosphorus
use in Midwestern clay fields illustrates the eamimental benefits of variable rate
technology. The study showed that water quality svgsificantly greater on farmland
where VRT had been implemented, as compared tddachusing URT. Wang'’s
findings indicated increased profit and yield frfRT in 7 of 9 trials. While VRT does
not ensure increased profitability vs. URT, it dsggificantly enhance the probability of
profits (Wang et al, 2003).

Where Wang found that VRT use increased yield anfitp on average,
Korsaeth and Riley found contrary results. Korsaetth Riley (2006) looked at VRT
application of nitrogen, not phosphorous and lithejr studies were conducted in
Norway, where soil and weather conditions are d#ffgerent. Earlier work by Swinton
and Lowenberg-DeBoer (1998) showed a relationsétpéen profitability from VRT
and overall crop profitability; Korsaeth and Ril@006) went further and showed that
VRT profitability was significantly affected by th@ice-to-yield-value ratio of fertilizer.
The economic effectiveness of VRT has a locationmanent; it decreases in areas
where input costs are high (Korsaeth and Riley6208Ithough challenging the earlier
thinking that VRT was, at least on average, modditable than URT, Korsaeth and
Riley (2006) did support VRT’s superior environnedreffects.

Variable-rate application technologies for ferglig and lime have developed with
DGPS technology (University of Minnesota Extensi®®)2). Tractors or some other
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vehicle equipped with a DGPS unit are used to ap@yecific quantity of fertilizer on a
given location. The DGPS unit ensures the accunhtlye location. Variable-rate
application is most frequently performed with fezérs such as lime, phosphorus, and
potassium that imbed in the soil. Nitrogen, whiglapplied in a water and ammonia
mixture, does not saturate the ground like potassiuphosphorus and can be washed
away. Variable-rate application of nitrogen haslme¢n as widely employed as
phosphorous or potassium, a fact largely attribtegteater variability in soil nitrogen
levels (Bullock et al, 2002; Robert 2002). Inited¢jorithms for variable-rate application
of nitrogen were based on regional recommendatipak] potential, and expected yield
differences of defined management zones (Fergusaln 2002; Redulla et al, 1996;
Kitchen et al, 1995). The original algorithm wasgkely ineffective, particularly for corn,
where it did not increase yield or reduce overlkls of nitrogen applied to a field
(Ruffo et al, 2006). VRT application of nitrogergrares a custom approach. There is no
one sufficient regional algorithm; instead, Ruf&g®(6) contends that optimal levels will

vary from field to field.

2.9 Variable Rate Application: Herbicides

Rider (2006) has shown VRT to be effective at caimigamultiple types of
weeds using postemergence herbicide. A quadratiem® customarily used to evaluate
and predict the cost savings from VRT herbicideliappon; this model shows VRT
herbicide to be cost-effective, but Rider (200@grsts instead using a Mischerlich

model, to better correct for spatial autocorrelatid/hen a Mischerlich model was
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applied, the cost savings decreased greatly; wlhilleeffective, VRT herbicide was not

profitable (Rider et al, 2006).

2.10 Hyperspectral and Infrared Imaging

Hyperspectral and infrared imaging can be usedagsop a precision agriculture
system to diagnose the health of crops. Such dgsimaan reveal information
concerning the severity of plant disease befdoedmes apparent to the human eye.
Plants reflect light in the infrared and near-indbands; as plants become infected with
diseases, their light signatures change. LarsalieNuhammed (2007) present an easier
method for hyperspectral analysis, that allowsorre clear results and less expensive
tests. Their new method also requires less comgpinver, making it faster and more

suitable for real-time use in the field (Larsolle@daviuhammed 2007).

2.11 Yield Monitoring

A typical yield monitor consists of a data storagé, an interface device, and a
console unit usually mounted in a tractor or corabivield monitors measure the mass
or the volume of grain flow (grain flow sensorsg)parator speed, ground speed, grain
moisture, and header height (Virginia Cooperatixgegsion Publication Number: 442-
502,2003). This data is collected as the tractor orlmomharvests, making it possible to
obtain periodic data from a large field. When coneloi with a DGPS unit, a yield
monitor allows a farmer to record yield for eveogation in the field. Such information
may allow farmers to develop practices resultingniproved efficiency and increased
profitability (Virginia Cooperative Extension Putdition Number: 442-502003). Yield
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monitors are not without limitations. They are degent on factors such as vehicle speed
and the speed at which the harvested productfilisstorage unit (Virginia Cooperative
Extension Publication Number: 442-5@®03). Delays or changes in the flow rate can

lead to false readings.

2.12 Precision Guidance

Precision guidance is a relatively new additiothi® suite of precision farming
technologies. Although it has only been commergiallailable since about 2000, it is
increasingly being adopted by farmers. GPS-baseigazon systems are the only
technologies that have become commercially aval&i navigation of farm vehicles.
There are two types of GPS-based guidance systeRfS:guidance-aided systems such
as lightbar navigation aids, and fully automatethands-free” GPS guidance systems,
such as autopilot systems, that actually steetréiweor with the driver only supervising
it. The fully automated system is capable of digvhe tractor through the field in a
straight line, with a lateral accuracy of less thaa centimeters, using a highly accurate
real-time kinematic (RTK) GPS receiver (Batte aid&ni). Potential benefits of
precision guidance include input savings and poltuteduction due to reduced
application overlap, potential production gainsiroontrolled traffic and reduced soil
compaction, reduced operator fatigue, ability toknia low light conditions, thus

extending the work day, and ability to work at éastpeeds.
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2.13 Previous Similar Adoption Studies

Adoption studies of precision agriculture are cartdd at regular intervals. Such
studies may vary in size and scope. Fountas aackBlore (2002) took an expanded
approach to customary precision agriculture adogiarveys by looking for differences
in adoption across two regions in different cowedriFew differences in PA adoption and
use were found between Denmark and the EasterndoSEelt (Fountas and Blackmore
2002). This is interesting in and of itself, as f@s and Blackmore believed that,
because farmers are operating under similar camditivith similar goals and constraints,
no differences at all should exist. Alternativadpe might believe that the geographic
and cultural differences between the two regionald/tead to major differences.

Differences were, however, found in three aredsrimation sources for
precision agriculture investment, information foagticing precision agriculture, and
actual systems in use. Farmers in the Eastern U Bait relied much more on other
farmers, fertilizer companies, and university exp&r make decisions about precision
agriculture investment. Danish farmers do not useassity experts at all; instead, they
have much closer relationships with machinery dealad rely on their advice to make
investment decisions. Danish farmers are moreyliteetall on agricultural consultants to
help design precision agriculture systems, whilefargers use their colleagues, trade
publications and fertilizer companies (Fountas Blatkmore 2002).

While Fountas and Blackmore took a wide approadaxtomining precision
agriculture adoption, a study by Batte and Arnk2@t02) closely investigated six Ohio
farmers’ precision agriculture practices. These ctadies support the notion that
precision agriculture requires a high degree ofarugation for the end user to be
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pleased with the result. There is no one technotbglymakes precision agriculture work;
rather, precision agriculture is effective becanfse complex blending of technologies
that makes economic sense for each farming situatial manager skills (Batte and

Arnholt 2002).
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CHAPTER 3

METHODS

3.1 Restatement of the Thesis’ Purpose

The purpose of this study is to understand thefaghfluencing adoption of and
satisfaction with precision agriculture in Ohio.er&doption decision is interesting in and
of itself, as precision agriculture has been irs&xice in some form for well over a
decade and continues to expand in farm circles.dv¥ew there is a more interesting
guestion: are those farmers who have adopted ti@ugaechnology components of
precision agriculture satisfied with their decis?ddpecifically, this study will examine
the impact of human capital and precision farmiygfeam design on respondents'

indication of satisfaction with their precision egiture system.

3.2 The Survey Instrument

In January of 2007, surveys were mailed out to ZaBfers across the State of
Ohio using a list purchased from the Farm Progtassapany, a leading producer of
regional agricultural magazines. The sample waalrandomly from all Ohio farmers
with gross sales of at least $50,000. Smaller $arm@re excluded as many of them are
"lifestyle farms" that make technology adoptionidems differently than do commercial
operators. Gross sales distribution from the sarggdlame seems consistent with those
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for the state. That is, comparisons of the sassctistribution for the sample list and the
2002 Census of Agriculture provided no evideneeftack of randomness in the
addresses purchased from the Farm Progress Company.

Following the Total Design Method (TDM) by Don Dilan, widely regarded as
the standard for mailed social sciences surveysicqants were mailed a copy of the
survey instrument and a cover letter explainingphose of the survey. As an
incentive, the cover letter indicated that respomsievould be entered into a drawing for
one of three cash prizes of $100, $50, and $25Idlbey complete the survey before
March 1, 2007. The survey included no identifidrghe individual respondent; the
names and addresses were only used to manage itmgrohthe survey.

In accordance with the TDM, two weeks after théahimailing, a follow-up
postcard reminder was sent. Two weeks after tnathar copy of the survey instrument
was sent, this time with a more strongly wordedecdetter. For this mailing, a second
ID was assigned to participants who had not ygiaeded, and the new survey
instrument carried this second ID number. By thadiiee, 1,448 surveys were returned,
amounting to a respectable 57.23% response.

The first two questions of the survey were desigioestreen respondents:

1. Did you operate a farm business in 20067 (Yes gr No

2. Are you age 18 or older? (Yes or No)

Respondents answering “no” to either question asked to return the
guestionnaire without completing it. This was auiegment of the Human Subjects
Protocol for the project. After removing thosep@sdents who failed the screening
guestions and those who reported gross farm shlessothan $50,000, there remained
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849 completed survey responses, representing 58068% total of returned surveys, or
a total useable response rate of 33.55%.

The survey was divided into four sections: A, Bari@ D. Each section gathered
specific data about the respondent and his ordrar.fSection A elicited information
regarding the respondent’s role in the farming hess, the types of crops grown and the
acreage allocated for each type, presence of tiekstind estimates of the percentage of
gross sales generated by livestock products. SeBtaddressed the adoption and usage
of computers, Internet tools and electronic comme$ection C gathered information
regarding the farmer's adoption of various preaisazming technologies and the
usefulness of each component. Finally, sectioniétedl demographic and economic

information about the respondent and his or henifag business.

3.3 Comparisons between the 2002 Census of Agnieuéind the Survey Findings
Before analyzing the data, it was important to aeibee whether the survey
respondents adequately represented the overalifgnopulation of Ohio. To this end, a
number of key demographic and farm business charstits of the survey respondents

were compared to the 2002 Census of Agriculturéioio (Table 12). All numbers
reported for the 2002 Census of Agriculture reftadly those farms in the $50,000 and
larger gross sales classes. The sample and Cemsysre favorably for most measures.
However, the sample displays a significantly lafgem acreage, which suggests that
larger farmers were somewhat more likely to resporitie survey than were smaller

farmers. Likewise, gross sales were significardhgér. Because these are for two
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different years, with resultant differences in pagit is difficult to judge to what extent

this difference is due to differences in the sample

2002 Census of

Measure Sample  Agriculture®

Mean Farm Size (acres)  852.83 608 **
Mean Gross Sales ($) 343,463 267,863 **
Mean Operator Age

(years) 54.6 51.7
Gender - Percent Male 99.4 97.2
Operators Working off

the Farm (%) 61 40.7
Full Owners of Land (%) 22.1 27.1

a For farms with $50,000 or more of gross sales
* One and two asterisks indicate differences thatstatistically significant at the

Table 3.1. Comparison of Selected Sample Statisiitise 2002 Census of Agriculture.

To further examine for potential response biasfan@s were categorized into
two regions based on county: the corn belt regd@cpunties) and the non-corn belt
region (46 counties). Just over 70 percent of éspondents were located in the corn belt
region, which features that type of agriculturettsegoported by precision agriculture.
Hence, it is probable that there has been a resgdmas favoring those most likely to
have adopted precision farming methods, and thatesults are more descriptive of the
corn belt region of Ohio. In all subsequent anadyses will limit our focus to those

farmers in the 42 Ohio Corn Belt counties.
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Definition of the Ohic Cornbet Region
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Figure 3.1 Definition of the Ohio Cornbelt Region
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Frequency Percent
Not in the Corn Belt 248 29.77
In the Corn Belt 585 70.23

Table 3.2 Number of Respondents from the Ohio @i

The large percentage of respondents from the CelnhBlps explain the survey’s
larger average farm size relative to the 2002 Cen$égriculture. While the responses
to the survey appear biased in their geographystheey itself was conducted in a
random manner, so this bias should not unduly ctbadesults. After looking at average
farm size and discovering a possible geographi inigthe responses, gross farm sales
were examined, on the theory that the overrepratientof farms in the Corn Belt was
the result of a significant difference in grossesdbetween the two regions. Prices for
corn and soybeans on the open market have risatiygstnce 2002, which helps explain
the difference in average gross farm sales. Intiadistronger overall commodity

markets account for the decreased variation in fal®es.

3.4 The Double Hurdle Model

Cragg (1971), in analyzing consumer spending oaldargoods, devised the
double hurdle model as an alternative to Tobin'slehoThis modeling approach
involved a probit model to assess whether a consuntigourchase a certain good,
followed by a regression model estimating leveéxypenditure on that good. Earlier
models did not allow for differentiation in the pameters for a variable when its
probability was 0 or not O (Cragg 1971).
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The first stage of a double hurdle model is a frotihile the second stage can be another
probit, an OLS, or any other form that fits theadd?ouble hurdle models have proven
useful in many types of microeconomic analysiseithey were first adopted in 1971
(Ullah et al. 2002).

Decision of whether to adopt or not and how muchdopt may be joint or
separate (Berhanu and Swinton 2003). When thessiales are associated with different
equations, a double hurdle model becomes apprepAatiouble hurdle model is
generally designed to explain the mechanisms af@imidual's demand, and as such is a
bivariate model (Ullah et al. 2002). For the doufledle model to be used correctly, the
individual’'s demand decision must have two comptsighe decision to consume, and
the decision of how much to consume (Ullah et @02). In a double hurdle model, a
subject cannot reach the second hurdle withoutmgasser the first. Only those
respondents who have adopted precision farmingutéagies would move to the second
stage of evaluation. While this shrinks the poadlafa of for the second model, it also
isolates a particular response group and allow#hi®examination of a particular
response group on a particular variable.

Using a double hurdle model allows for this studys objective questions —
who is using precision farming and what makes méarwho is using a precision
farming system happy with their system — to be amed/ in a single modeling
framework. In our application, the first stage gimswill be addressed as a probit

model; the second, that of satisfaction, will beessed using OLS regression techniques.
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3.5 The Probit Model of Discrete Choice

The decision to adopt a technology is binary: daddpt (zero) or adopt (one).
The likelihood of adoption could be estimated usdigs regression techniques in the
form of the linear probability model. However, teare a number of problems associated
with the linear probability model, including hetkaslasticity of the error terms and, more
importantly, an imposition of a linear relationstptween independent variables and the
probability of adoption (Hill, Griffiths and Judg&997). A better modeling approach is
the probit model of discrete choice, which allowsoalinear relationship between
independent variables and probability of adoption.

A probit model is a specification of the generalizi@ear model that is a series of
binomial results and follows the cumulative distitibn function (CDF). In a probit
model, the error term is assumed to take a normailzltion, allowing for similar
methods of analysis to other normal distributiachteques. The dependent variable is
usually zero or one, while the independent varsiblay take any quantitative form.
However, the probit itself estimates a functiongh an assumed probability density
function. Models with ordered outcomes are besineséd through a probit; however,
probit requires a very large sample size beforeraegningful hypothesis test may be
performed. In this instance, ordered outcomes sdtesituations where the higher value
of the independent variable is also ranked high&n butcomes with lower values. A
probit model is appropriate here because the aectsiadopt carries a value of one, and
the decision not to adopt carries a value of zierefore, the higher value outcome can
be ranked above the lower value outcome. Probiteisaale frequently used to assign a
probability of an event or action occurring.
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CHAPTER 4

SURVEY RESULTS

4.1 Description of the survey results.

This chapter will present the results of the sunwih the data from the Ohio
Cornbelt. It begins with descriptive statistics fwecision farming adoption and farmers’
evaluations of the technologies. Following thealgptive statistics a multivariate
double-model will be introduced to evaluate adapand satisfaction. The first stage of
the model is adoption of any precision farming comgnt technology. The second stage
of the model is a measure of the private costsbamefits for the entire precision farming
system. The chapter will conclude with additiomaldels measuring the private costs

and benefits for several component technologies.
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Measure Mean Std. Dev.

Farm Size (acres) 844.578  798.528
Gross Sales ($) 355,854.70 372,173.88
Farms by Gross Sales Class ($) Percent

$50,000 - 99,999 25.98

100,000 - 249,999 32.14

250,000 - 499,999 22.39
500,000-999,999 12.82

Over $500,000 6.67

Operator Age (years) 54.17 11.13
Farms by Operator Age Class (yrs) Percent

Less than 35 4.44

35-49 34.19

50-65 46.15

66 and over 15.21

Operators by Formal Education level Percent

Missing 0.01

Less than High School 3.27

High School Graduate 51.81

Some College 20.65

College Graduate 20.48

Post Graduate or Professional Degree 3.79

Farms by Percent of Land Controlled by Lease Percent

0-25% 33.50

26-50% 19.50

51-75% 20.51

76-100% 25.84

Operators Working off the Farm Percent

None 58.69
Seasonally 14.36

Year Around 26.95

Percent of farms with Livestock 36.36 48.14
Percent of gross income from Livestock

(Livestock producers only) 14.73 28.04

Table 4.1 Sample Descriptive Statistics for Selb&i@rm Characteristics.
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There were 585 respondents to our survey from 2heodinty Cornbelt region of
Ohio. Descriptive statistics for this sample aearted in Table 4.1. Total farm acreage
averaged 844.6 for these farmers. Mean grossdates were $355,854. About 26% of
the responding farmers were in the $50,000-99,88%<lass, and 6.67% were in the
over $500,000 sales class. Mean operator age 4vgsdss; only 4.4% of responding
farmers were less than 35 years of age, and 15.28 older than 65 years of age. Most
farmers (55%) had formal education of high schadéss, but 24.3% had a college
degree or post-graduate education. Most of theoredent farmers (58.7%) did not work
away from the farm. Nearly 14.4% reported to weeksonally away from the farm, and
27% worked year-around away from the farm. Mosnhts controlled some of their
land through cash or share lease. About 27% iteticdat less than 25% of their land
was controlled through leasing methods. At theo#xtreme, 31% indicated that more
than 75% of their land was controlled through lea&bout 36.4% of the farmers
responding from the Cornbelt region of Ohio repditaving livestock on the farm.
Across all respondents, the mean percent of gaiss arising from livestock and

livestock products was 14.7%.
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Label N Mean Std Dev Minimum Maximum

Grains or Oilseed 581 809.37 824.16 0 8000
All Hay Crops 581 25.95 133.78 0 2850
Vegetable Crops 581 7.6 82.76 0 1721
Fruit Crops 581 0.02 0.38 0 9

Nursey Crops 581 0 0.06 0 1

Other Crops 581 4.4 46.97 0 650
Total Acres 556 844.58 889.09 40 6500

Table 4.2 Mean Crop Acreage

Of the 585 respondents from the Cornbelt regio®lnb, 581 of them provided
information concerning their crop acreage. Asfieners came from the Cornbelt
region, it is not surprising that grain and oildeeops were the most common acreage
having a mean and standard deviation of approxign8@9.3 and 824.2 respectively.
This type of crop also had the largest number cgdsaplanted, with one farmer having
8,000 acres. Hay crops accounted for the secogddaplanted acres, with a maximum
of 2,850, mean of 26 and standard deviation of4.3Bruit and nursery crops were
barely represented in this region, the maximumsafoefruit was 9 and only a single
acre was recorded for nursery crops. Fruit hadnaed standard deviation for fruit
being only approximately 0.02 and 0.38. Nurseppsrhad even fewer acres, the mean
for all farms was less than 0.00 and the standavéhtion 0.06. Mean nursery crop
acreage for those farms with nursery crops, of tvkthere were only two was a single
acre. The catch-all other crops category had dmax of 650 acres; a mean of

approximately 4.40 and standard deviation of 46.97.
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For all of the above categories the minimum actastpd of any one type of crop
was 0. Fewer respondents (556) gave informatioceming their total planted acres.
The mean total acreage was approximately 845 arsfahdard deviation was 889, with a
minimum value of 40 acres and a maximum of 650@sacWhile the maximum value
for total acres is less than the maximum valuagyfams or oil seeds, some farmers did

not answer this question, leading to the exclusiosome data.

Livestock Type N Percent®
Beefl 122 25.1(
Dairy 49 11.8¢
Pigs 68 15.7¢
Sheeg| 17 4.4¢€
Poultry 11 2.9
Other Livestoc 9 2.41
N Mean Std Dev
Percent Gross Farm 555 14.73 28.04

Sales From Livestor
a 585 Farmers completed this section

Table 4.3 Types of Livestock on the Respondentsmba

Even though the region in question specializesops livestock is still present
on some farms. As shown in Table 4.1 approxime&86Bp of respondents had some
livestock on their land. Beef cattle amounted%dl2o of all reported livestock, with
dairy cattle and pigs accounting for 11.8% and %b.There is a large decrease in
percentage from the dairy cattle, the third higlpestentage and sheep the fourth. Sheep
were only 4.4%, poultry 2.9% and other livestockjah in this survey often meant goats
or horses had 2.4%. Fewer respondents were gilirgive information about their

revenues, 555 provided the percentage of theimimgcderived from livestock. On
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average 14.7% of a farmer with livestock’s incorame from the livestock, with a

standard deviation of approximately 28.
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Measure Percent adopting®
Georeferenced (i.e., map-based or location

specific) grid soil sampling 44.66%
Georeferenced field scouting for weeds 10.14%
Georeferenced field scouting for insects, pests, or

disease 11.23%
Boundary Mapping 39.45%
Yield Monitor 52.33%
Satellite GPS receiver 42.47%
Variable Rate (i.e., rate varied across field)

Application of Lime 37.53%
Variable Rate Application of Phosphorus 31.23%
Variable Rate Application of Potassium 30.41%
Variable Rate Application of Nitrogen 16.16%
Variable Rate Application of other Nutrients 10.68%
Variable Rate Application of Herbicides 10.96%
Variable Rate Application of Pesticides 7.40%
Variable Rate Seeding 12.60%
Aerial or Satellite Field Photography 25.21%
Precision Guidance (light-bar navigation or auto

pilot system) 52.88%
Percent who have adopted one or more of above 70.68%

a 365 farmers completed this section.

Table 4.4 Adoption Percentage for Sixteen Precibamming Component Technologies
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Cost/Benefit Response Distribution (percent)®

Strongly Strongly Std.
Measure Disagree Disagree Neutral Agree Agree Mean Deviation
Georeferenced (i.e., map-
based or location specific)
grid soil sampling 3.07 245 23.93 52.15 18.4 3.804 0.874
Georeferenced field
scouting for weeds 2.7 0 29.73 48.65 18.92 3.811 0.845
Georeferenced field
scouting for insects, pests,
or disease 2.44 488 2439 56.1 12.2 3.707 0.844
Boundary Mapping 4.17 486 32.64 50 8.33 3.535 0.876
Yield Monitor 471 419 2461 38.74 27.75 3.806 1.041
Satellite GPS receiver 3.87 452 14.84 48.39 28.39 3.929 0.981
Variable Rate (i.e., rate
varied across field)
Application of Lime 0.73 3.65 13.14 45.26 37.23 4.146 0.836
Variable Rate Application
of Phosphorus 0.88 2.63 17.54 52.63 26.32 4.009 0.793
Variable Rate Application
of Potassium 0.9 1.8 19.82 52.25 25.23 3.991 0.780
Variable Rate Application
of Nitrogen 3.39 5.08 13.56 54.24 23.73 3.898 0.941
Variable Rate Application
of other Nutrients 0 7.69 38.46 38.46 15.38 3.615 0.847
Variable Rate Application
of Herbicides 0 7.5 15 70 7.5 3.775 0.698
Variable Rate Application
of Pesticides 0 741 22.22 66.67 3.7 3.667 0.679
Variable Rate Seeding 4.35 6.52 34.78 47.83 6.52 3.457 0.887
Aerial or Satellite Field
Photography 4.35 9.78 34.78 42.39 8.7 3.413 0.939

Precision Guidance (light-

bar navigation or auto pilot

system) 4.15 5.18 10.88 47.15 32.64 3.990 1.010
a Cost/Benefit scores are based on respondents' evaluation of the following statement for

each technology component: "On my farm, the benefits of this technology clearly exceed its
costs." Answers were coded as 1=strongly disagree, 2=disagree, 3=neutral, 4=agree,

5=strongly agree

Table 4.5 Satisfaction Measures for Sixteen PraciBiarming Component Technologies
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From the Cornbelt region 365 farmers had adoptéebat one precision farming
technology. Precision guidance was the most conyramtopted with 52.9%, followed
closely by yield monitors at 52.3%. The least addgechnologies were variable rate
application of pesticides at 7.4% and georeferefiedd scouting for weeds at 10.1%.
For all technologies the percentage of respondehtsagreed or strongly agreed that the
benefits out-weighed the costs of the individuahteology was greater than the
percentage of those who where neutral or disagr¥adiable rate application of lime
had the largest percentage of respondents whodigrerongly agreed at 82.5%
followed by variable rate application of phosphoatig8.6%. The lowest percentage of
respondents who agreed or strongly agreed wererial ar satellite field photography
51.1% and variable rate seeding 54.5%. Many fasr(¥).7%) had adopted at one or

more precision farming technologies.
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Precision Farming

Precision Farming

Measure Adopters Non-Adopters
Gross Sales ($) 448,561 192,259
Farms by Gross Sal

Class ($) Percent Percent
$50,000 - 99,999 16.99 42.13
100,000 - 249,999 27.12 39.59
250,000 - 499,999 27.95 14.21
500,000-999,999 18.08 3.05
Over $500,000 9.86 1.02
Operator Age (years) 52.72 56.3
Farms by Operator Ac

Class (yrs) Percent Percent
Less than 35 5.21 3.05
35-49 37.26 30.46
50-65 45.75 46.19
66 and over 11.78 20.3
Operators by Form:

Education level Percent Percent
Less than High School 1.1 7.65
High School Graduate 49.3: 55.61
Some College 24.11 14.8
College Graduate 21.1 18.88
Post Graduate ¢

Professional Degree 3.84 3.06
Farms by Percent (

Land Controlled by

Lease Percent Percent
0-25% 27.4 42.64
26-50%

51-75% 20.55 21.32
76-100% 30.96 20.3
Operators Working of

the Farm Percent Percent
None 60.97 53.68
Seasonally 13.96 14.74
Year Around 25.07 31.58

Table 4.6 Comparison of Farmers who have Adoptégast One Precision Farming

Technology Component to Non-Adopters for the Coett Region.
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Table 4.6 compares those farmerkenGornbelt who have adopted precision
farming, with those who have not. Mean gross faahes for the two groups were quite
different, with adopters at $448,561, comparedaiwadopters who had sales of only
$192,259. Only 17% of the responding farmers upiegision farming were in the
$50,000-99,999 sales class, compared to 42.1%oeétfarmers who had not adopted.
On the high end of sales 9.9% of adopter farmere \rethe over $500,000 sales class
compared to 1% for nonadopters. Mean operatofagedopters was slightly below the
overall mean 54.2 years at 52.7, while nonadotadsa mean age of 56.3; 4.5% of
responding adopting farmers were less than 35 y#age vs. 3% of nonadopters, and
11.8% of adopters were older than 65 years of aggared to 20.3% of nonadopters.

Most farmers in both groups (50.4% and 63.2%) loach&l education of high
school or less, but 24.9% of adopters had a coliegeee or post-graduate education
compared to 21.9% of nonadopters. Most of theamdent farmers (61% and 53.7%)
did not work away from the farm. Nearly 14.7%ohadopters reported to work
seasonally away from the farm while 14% of adopseid the same, and 31.6% of
nonadopters worked year-around away from the fasmpared to 25% of adopters.
Most farmers controlled some of their land throegkh or share lease. About 27.4% of
adopters and 42.6% of nonadopters indicated thatthen 25% of their land was
controlled through leasing methods. At the othérezne, 31%o0f adopters and 20.3 of

nonadopters indicated that more than 75% of tlaeid lwas controlled through lease.
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Technologies Adopted Percent

1 15.89

2 13.97

3 13.97

4 11.23

5 8.22

6 9.32

7 7.12

8 7.67

9 5.21

10 or more 7.4
Mean 471
Median 4

Table 4.7 Number of Precision Farming Componentspded by Precision Farming
Adopters.

4.2 The Probit Model

The probit adoption model for precision farmingtsyss devised for this study
uses a binary variable for adoption as the depdndeiable. Adoption is one if the
respondent had adopted any of 16 precision farmamgponent technologies identified in
the survey, zero if they had adopted none of tblertelogies, and missing if the
respondent did not respond to the question. Teéependent variables were chosen to
serve as predictors for precision farming technpladoption, and included: the
percentage of the respondent’s farm land in hags;rthe percentage of the respondent’s
farm land in high value crops, farm sales, the @atage of farm sales arising from
livestock, whether the respondent worked seasopnaljyear-round off the farm, the
percent of land on the farm farmed in tenancy, twethe respondent has formal

education beyond high school, and the respondegés
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Variable Minimum Maximum Mean Std. Dev.
Dependent Variable
Adoption 0 1 0.65 0.48

Independent Variables
Precentage of Sales from

Livestock 0 100 14.73 28.04
Age 25 90 54.17 11.13
Precentage of Farmland in

Grain and Oil Seed Crops 0 100 93.14 16.72
Precentage of Farmland in

Hay Crops 0 100 5.45 14.75
Precentage of Farmland in

High Value Crops 0 79.23 1.40 7.21
Farm Sales 75000 1,500,000 355,854.70 372,173.88
Post High School Education 0 1 0.45 0.50
Seasonal Off Farm

Employment 0 1 0.14 0.35
Year Round Off Farm

Employment 0 1 0.27 0.44
Percentage of Farm Land

Held in Lease 0 100 48.78 33.59

Table 4.8 Descriptive Statistics for the Dependemt Independent Variables of the
Adoption Model
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Because precision farming technologies primarilyubon improving the
management of land in crop production, the types@bs produced on the farm were
thought to be important determinants of the preaisarming adoption decision. Crops
were categorized into three groups: grains arsged crops, hay crops and high value
crops. High value crops is itself a catchall catggombining fruit, nursery, vegetable
and other crops into one variable. These measweesthen expressed as percentages of
cropland so as to remove the scale effect andsept@nly crop mix. Because the three
variables thus constructed are perfectly collifeay., any one can be expressed as a
function of the remaining two), the grains and@#ld percentage variable was excluded
from the model. Therefore, the percentage of graird oilseeds variable became the
base percentage against which hay crops and higk-ceops are compared in the probit.
Variables for the percentage of farmland used &y drops and high value crops were
included to show the effect of moving farmland avirayn grain and oilseed crops and
its effect on the adoption of precision farmingedtsion farming in Ohio has
traditionally been centered around farming of crepsh as corn, wheat and soybeans.
Therefore, | hypothesize that as the percentageopiand in hay crops and high value
crops increase, the probability of precision fargnadoption will decrease.

Farm gross sales was included as a measure ofsfaem It is hypothesized that
the adoption of precision farming system technasgvill be heavily influenced by
economies of scale, with larger firms seeing greageefits than smaller farms. A farm
size variable is needed to test this. Becaussuheyed farms include a variety of crop

and livestock enterprises, sales was determinbd tobetter measure than total crop
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acres. This variable is hypothesized to have dipegoefficient as one expects positive
returns to scale with regard to precision farmidggtion.

One of the avenues through which people are exposadvanced technology is
their place of employment. This is particularlyegrof computers and other information
technologies. It is hypothesized that persons setisonal or year-round off farm
employment will have increased contact with infotimaand precision farming
technologies relative to persons who work year-doswiely on the farm. Increased
contact with computers can breed familiarity anthfaot with computing technologies in
people. Persons, who work at least seasonal effaitm, are likely to have greater
exposure to technology, which in turn should insestieir willingness to adopt. This
effect is likely to be stronger in persons whoddaim employment is year-round. |
hypothesize that both seasonal and year-rounchoff Employment to have positive
coefficients, and furthermore expect the coefficemyear-round off farm employment
to be greater than of seasonal off farm employment.

In is hypothesized that farmers specializing inpgoooduction will be more likely
to adopt precision farming technologies than thele also produce livestock.
Specifically, we hypothesize that as the relatmpartance of livestock production on
the farm increases, the probability of PF adoptidhdiminish. Crop specialists are
more likely to be focused on crop management aadrare likely to be aware of
benefits of this technology. This effect is captliby inclusion of a variable to measure
the percentage of the farmer’s total farm reveramiog from livestock sales. This

variable is hypothesized to carry a negative sigitocoefficient.
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Tenancy measures as a percentage how much ofrthesfaash or share leased
relative to owned land. Is a farmer with littletwed ownership of the land likely to make
the large investment in precision farming? Alteéely, does a farmer who owns most
or all of the land farmed know (or feel they knawgir farm so well as to dismiss
precision farming as an unnecessary expense? rudanswer in all likelihood is
somewhere in between. Short-term leases may teaamts with substantial risk that
investments made in a leased parcel (e.g., grighkiagnor variable rate applications of
lime or phosphorous) may be terminated prior t@irgag their full returns over several
years. Furthermore, if share lease landlords angllirg to share in some of the costs of
precision farming application, then it may no longeke economic sense for the tenant
to utilize precision technologies.

On the other hand, tenant farmers who have lessriexe with the land parcels
they farm may be most likely to gain from improvatbrmation derived from precision
farming technologies. To the extent that thosméas who own most or all of their land
are in a stronger financial position they will better able to bear lower financial risks
due to adoption. While it is not universally tihet farmers in a low tenancy state have a
better debt-equity position, they are likely to bayreater equity. This is a generalization
and as such it must be interpreted carefully. Bseat is possible to craft an argument
for the sign on this variable going either direntia two-tailed hypothesis is formulated:
As tenancy increases, precision farming adoptidheirher increase or decrease.

While Rogers argued age has little to do with aleadoption of technology, this
notion has been questioned, particularly with rddaradvanced technologies and
radically new technologies. Because age has beemrsto be a significant factor with
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regard to computer adoption and many precisionifagrtechnologies are computer
based, age is likely a relevant variable. In gasflies on computer adoption by farmers,
age is negatively correlated with adoption ratesti@ et al 1990, 935; Putler and
Zilberman 1988, 790). There is no reason to suspberwise here, and the
hypothesized sign on the coefficient for the agealde is negative.

The level of formal education of the operator ipdthesized to impact the PF
adoption decision. A binary variable is includedestimate this relationship: It takes on
the value of one for operators with a formal edcabeyond high school, and is zero for
operators who completed high school or less. Btucérequently plays a role in the
adoption of technology; people with higher levdigducation often have access to more
and better information, improving their likelihoofladoption (Rogers 1995, 167-167).
Having access to better information in turn all@ygerson to make more informed
choices. Education can also reduce a person’'ofe@mplexity in new innovations and
increase their overall exposure to technology. [@kepoint does cause some minor
overlap with the seasonal and year-round work égiaHowever, education deals with
many other facets of the adoption process andasaet as a stand alone variable. The
hypothesized sign for the coefficient on educaisopositive, indicating that operators

with more education are more likely to adopt Phtedogies.
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Parameter Coefficient Standard Error Pr > ChiSq Maidtfects

Intercept 0.5114 0.4957 0.3022 0.1920597
Percentage of Farm Land in -0.0041 0.0073 0.5703 -0.00142929
Hay Crops
Percentage of Farm Land in -0.0307 0.0101 0.0023 -0.01121252
High Value Crops
Overall Farm Business Sa 1.86E-05 3.07E-06 <.0001 6.49E-06
Seasonal Off Farm -0.031 0.183 0.8654 -0.01096353
Employment
YearRound Off Farm -0.0891 0.1652 0.5895 -0.0324801
Employment
Percentage of Farm Sales -0.0066 0.0031 0.0324 -0.00240236
from Livestock
Percentage of Land Farmec 0.0029 0.0021 0.1644 0.00097104
a Tenant
Possession of Formal 0.1695 0.1309 0.1954 0.06033342
Education Beyond High
School
Respondent Age -0.0132 0.007 0.0585 -0.00477441
Log Likelihood Function -263.7197
Restricted Log Likelihood -312.2546
Chi square 97.06974
Predicted
Actual 0 1 Total
74 95 169
1 41 272 313
Total 115 367 482

Table 4.9 The First Stage Probit Model
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4.2.1 Analysis of the Probit Model Results

The probit model proposed for the first stage efdlouble hurdle model proves to
be a reasonably good predictor of a farmer’s Iik@dd of adopting a precision farming
system. Of 313 survey respondents who reportetyysiecision farming, the model
correctly predicted 272 (86.9%) of the adoptersthiegard to negative responses the
model was not as accurate, correctly predicting @dlof 169, or 43.8%. This model is
more likely to predict a positive response, howeatgoverall prediction successes is
still fairly high at 71.8% ([272+74]/482).

Of the nine variables in the model, five were digant at the 0.10 level. The
significant variables were the percentage of fanaliam hay crops, the percentage of
farmland in high value crops, farm business sakespercentage of farm business sales
from livestock, and respondent age. Contrary fgeetations the education variable is
not statistically different from zero. This suggethat a formal education beyond high
school does not increase the likelihood of PF ddops compared to operators with
high school or less education. Also, neither affaf employment variable was
statistically significant. The statistical insioance of these variables leads one to
guestion the importance of awareness and educd¢ioved from off-farm employment
on the PF adoption decision.

Those regression coefficient estimates that arafgigntly different from zero
lend support to the appropriateness of the probdehspecification. Precision farming
in Ohio tends to be focused on grain and oilseedscrThe estimated coefficient for the
percentage of land in high value crops is hegatiuggesting that as the percentage of
farmland utilized for these crops increases (gaaid oilseeds decrease), the likelihood of
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adopting precision farming decreases. maginal effectestimate reported in Table 4.8
are useful to quantify the impact of the significarplanatory variables on the
probability of adoptiort. The marginal effect of a one percentage poirreiase in the
amount of cropland planted in high-value cropss(ibstitution for hay or grain and
oilseed crops) is a 1.12 percentage point decieabke probability of adoption of PF
technologies. A similar relationship holds for ieased importance of livestock in the
farm business. A one percent increase in the peage of gross sales arising from
livestock results in a 0.24 percentage point degréathe estimated probability of PF
adoption. Total farm sales is included to measueesffect of scale of business on the
PF adoption decision. The marginal effect suggibsisa $1,000 increase in sales is
associated with a 0.65 percentage point increageiprobability of precision farming
adoption. Finally, a one year increase in theaighe operator is associated with about a

half percentage point decrease in the probabifigfoadoption.

4.2.2 Implications of the Probit Model

The probit model, as utilized in this first stgtegvides fairly accurate
predications of the type of farmer most likely thopt a precision farming system in the
Ohio Corn Belt. Marginal effect estimates sugdleat the variables most impactful on
the probability of adoption include farm size (s3erop mix and livestock sales as a
percent of total sales. Age also is importanthwitunger farmers more likely to adopt.

While education was not statistically significahttee 0.10 level, its relatively high t-

! The marginal effect is calculated by taking thetiphderivate of the estimated function with resjpie
the vector of characteristics. These calculatisese performed using the Limdep software packade
marginal effects may be interpreted as the chamgjeei probability of the dependent variable talonghe
value of one as result of a one unit increaseerettplanatory variable, with all else unchanged.
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value suggests further studies more focused ona¢idancare warranted. The same may
also be said of the tenancy percentage anothablaiinsignificant in this probit, but

with a moderately high t —value.

4.3 The Second Stage Model

4.3.1 Introduction to the second stage regression

After using the probit model in the first staged&termine model characteristics
that are likely to increase the probability of enfer adopting precision farming, the
second stage model explores adopter satisfactiintiair precision farming system.
Because this analysis considers only PF adoptessitodel isconditionalon the first
stage model. This second stage model uses OL&ss#gn methods. Satisfaction with
the overall precision farming system is used asl#ppendent variable. This question was
phrased as: “For your farm situation, are the togalefits of the entire precision farming
system (considering all those items identified a)ayeater than the total costs of this
system?. The five item response included “No, Costssigmificantly greater than
Benefits” (coded as -2), “No, Costs are slighjtgater than Benefits” (= -1), “Benefits
and costs are about equal (=0), “Yes, Benefitskgbtly greater than Costs” (=+1) and
“Yes, Benefits are significantly greater than Coéts-2).

Because adopters in the Ohio Cornbelt were thepgobinterest here, the data set
was pruned to include only those respondents ilCdrabelt who had indicated adoption
of at least one precision farming technology. Vagables involved in this model are:
farm business sales, the square of sales, therpiageeof farm business sales from
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livestock, the percentage of farmland that is daaked, the percentage of farmland that
is share leased, whether the respondent had s¢asdualhtime off farm employment,
whether the respondent possessed formal educatyant high school, and whether the
respondent’s precision farming system utilized géenced scouting for weeds or
insects, had a standalone yield monitor, a yielditooin combination with a GPS unit,
applied lime, potassium or phosphorus at a variedikeand/or contained a guidance
system. These variables may be roughly dividedtimee categories, the first nine deal
with characteristics of the farm business and perscharacteristics of the respondent
and the final six deal with characteristics of tspondent’s precision farming system.
Not all precision farming systems questioned aliotite survey are included in this

regression, due to strong correlations between roathe systems.
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Dependent Variable Mean Std. Dev.
Evaluation of Precisio
Farming 0.506 1.238

Independent Variables Mean  Std. Dev.
Percent of Income

From Livestock 11.075 23.351
Operator Age 52.468 10.161
Cash Leasing Perce 40.978 30.623

Share Leasing Percent
15.575 23.142
Seasonal Off-Farm

Employment 0.144 0.352
Year Round Off-Farm

Employment 0.251 0.434
Sales 467015 420648
Sales”?2 3.94E+11 6.61E+11
Post High School

Education 0.513 0.501
Georeferenced

Scouting 0.114 0.319
Yield Monitor 0.601 0.491
Yield Monitor &

GPS(Joint Adoption) 0.422 0.495

Variable Rate

Application of Lime,

Phosphorous and

Potassium: 0471 05

Precision Guidance 0.665 0.473

Table 4.10 Descriptive statistics for the Indeparid/ariables of the Precision Farming
Satisfaction Model
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4.3.2 Hypothesized Relationships
The second stage model suggests that, conditionttleodecision to invest in
precision farming technologies, a number of factaitkinfluence how useful these will
be in the management of the farm and to improvédittaacial performance of the firm.
Those variables that are included in the satisfaatnodel are reported below, along with
hypotheses regarding the nature of that relatignafth satisfaction.
Operator Age: In the first stage model, | foundgnsicant negative relationship
between operator age and the likelihood of adoptignditional on precision
farming adoption, | also anticipate a negativetreteship between operator age
and satisfaction with PF technologies. Youngemfzns are expected to be more
open to learning and experimenting with the tecbgplso as to make it more
useful. A negative sign is hypothesized for thénested regression coefficient
Post high school education: Formal educationtsnofonsidered an important
determinant of adoption; in this case | believeaitries over to also influence the
level of satisfaction with the technology. Thewargent is that a farmer with more
education will also be more likely to understane téchnologies involved, and
how best to utilize them. Higher levels of fornedlucation may also aid in
creating a precision farming system best suitddiéandividual farmer. This
variable is therefore hypothesized to carry a pasgign.
Sales: In the first stage model, | found thatéarfgrms were more likely to adopt
precision farming technologies. Conditional oraarfer adopting Precision
farming technologies, | also expect that largemiens will be more satisfied with

their precision farming investment. To the extiatt there are fixed costs of
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investment and learning, these costs can be spreadnore output for larger
farms, and hence a declining average fixed costatitribute to lower average
total costs relative to their smaller farm coungetp. In order to test for
nonlinearities with respect to farm size, a squaeech (Sales Squared) will be
introduced. | hypothesize a positive relationdigprveen sales and satisfaction.
Seasonal off-farm employment: In the first stagebpr | hypothesized that by
working off the farm, a farmer would have greatgpasure to technology,
leading to an increased probability of adoptiorowdver, this variable was not
statistically significant. Still, seasonal emplogmt is included in the second
stage model. Those working away from the farm ale more exposure to how
other managers are using the technology. Secopdii:time farmers may have
greater time pressure, and to the extent thatgoecfarming technologies allow
greater efficiencies of management or reduce theuabof time a farmer requires
to farm, the technology may be helpful. Therefdteypothesize a positive sign
on the seasonal employment coefficient.

Year-around off-farm employment: This variable alss found to be statistically
insignificant in the first stage model, but it iciuded in the second stage model
for similar reasons as for the seasonal employmmertel. Because year-around
and seasonal labor may imply different constraamis different learning
opportunities, these will be modeled separatelgypothesize a positive sign on
the year-around employment coefficient

Percent of sales from livestock: Farmers who nmakee of their sales from

livestock are less likely to be focused on cropdpiation and the application of
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precision farming, since these methods are moreopppte for those farmers
who specialize in crop farming. A negative sigmypothesized.

Cash leasing percent: A measure of tenancy wasded in the first stage model.
This variable was not statistically significantwever the t-value was relatively
large. In the second stage model, two specificsmes of tenancy are included.
This is done to test for differences in the satifa of farmers when increasing
percentages of their land is controlled throughhaasshare lease methods. When
farmers leases land for cash, they receive allnmecrom crop production, but

will face the full costs of production, includiniget costs of precision farming.
Thus, the economic incentives to the precision fagradoption are not distorted
by the nature of the land control method. Howessnvas argued earlier, risk is
greater with any form of leasing because of thetehterm nature of land

control. To the extent that this causes the fatmeadopt less than the optimal PF
system, this might decrease profitability and $atison. On the other hand, the
farmer will likely know less about the land beiragrhed, and the precision
farming system may prove highly helpful, may impggrelds and/or profits. |
anticipate that the positive impacts will outwethle negative ones, and
hypothesize a positive relationship between cassirig percent and PF system
satisfaction.

Share leasing percent. Share leasing resultsomogaically optimal input
allocations only if revenues and costs are sharéde same ratio. This may or
may not be the case. For this reason, | hypotegsiat contingent upon adoption

of precision farming methods, farmers who sharsdesill realize a lower return
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on investment than those with full ownership or wise cash leasing, and thus a
negative sign is expected on the regression caosftic

Georeferenced scouting: This is a binary variéiée takes on the value of one
if the precision farming system employees georefad scouting for weeds,
insects or pests and is zero otherwise. This tdolgy has the potential to
improve the farmer’s ability to diagnose weed/pg@sblems and to make
appropriate decisions to correct these problemenckl, effective use of this
technology has the potential to reduce costs ororgyields. | hypothesize that
the relationship between adoption of this varialyd satisfaction with the overall
system will be positive.

Yield monitor: This also is formulated as a binaayiable, where one indicates
adoption of a yield monitor and zero indicates dogion. The yield monitor is
necessary to continuously measure yield acrosielde As will be discussed
momentarily, for the yield monitor to be most useifumust be combined with
other precision farming technologies. Still, thelgy monitor is expected to be a
positive addition to the information available betfarmer. A negative sign is
hypothesized for the yield monitor regression doedht. This sign results from
the fact that without a GPS unit the costs of sauuslgstem are likely to be larger
than any benefits provided by the device.

Yield monitor and GPS joint adoption: This binagriable takes on the value of
one if the farmer has invested_in batlyield monitor and a GPS receiver. A GPS
system in conjunction with a yield monitor is exygecto substantially improve

the effectiveness of the yield monitor. Without BPS, the yield estimates
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cannot be stored, mapped, or analyzed. The connnnaf these technologies
creates the opportunity for the manager to moreceftfely use yield information
to support decision making regarding fertility mgement, variety choice, among
many others. A positive relationship is hypothedifor this variable.

Variable rate application of lime, phosphorous pothssium: This binary
variable takes on the value of one if any of thasee nutrients are applied in
variable rate and is zero otherwise. The threeambined into a single
explanatory variable because they are highly catedl— including them
separately would likely cause problems of multic@arity. Also, many farmers
apply all three materials if they apply any at ahfe rate. Because all three
nutrients are relatively stable in the soil, thay de applied periodically rather
than each year as is required for Nitrogen fediiz The same machinery can
used to apply each of these nutrients at a varralde which implies economies
of joint application of the three. Studies havggested variable rate application
can improve yields. It also has the potential diua@ng excess application of
these materials, thereby reducing costs withoutifsigntly reducing yields. For
this reason, | hypothesize a positive coefficienthis variable.

Precision guidance: Precision guidance is intredwss a binary variable that
takes on the value of one if precision guidanchnetogies have been adopted on
this farm and is zero otherwise. Of all the tedbgs in the survey, guidance
systems are less a technology and more of a cdatr or process. While
relatively expensive to implement, guidance systamegapidly gaining

popularity among farmers. Guidance systems impeofamer’s ability to apply
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fertilizers, seeds and pesticides at a variabke radditionally these systems
allow a farmer to concentrate on one less thintggma@lly increasing accuracy,
safety and reducing fatigue. The hypothesizedtipessign reflects the

expectation that the many benefits of using a quadaystem outweigh its costs.
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Parameter Standard Pr > |t
Variable Estimate Error
Intercept 0.65684  0.57835 0.2572
Percent of Income -0.0045  0.00333 0.1784
Operator Age -0.00769  0.00808 0.3424
Cash Leasing Percent 0.00276  0.00274 0.3161
Share Leasing -0.00411  0.00356 0.2487
Seasonal Off-Farm 0.09874 0.2203 0.6544
Year Round Off- -0.11198  0.20143 0.5788
Sales -9.44E-07 6.95E-07 0.1758
Sales"2 7.28E-13 4.18E-13 0.0829
Post High School -0.10632 0.1513 0.4829
Georeferenced 0.34958  0.24151 0.149
Yield Monitor -0.30366 0.21725 0.1634
Yield Monitor & 0.35444  0.22137 0.1106
Variable Rate 0.52768 0.15433 0.0007
Precision Guidance 0.32993 0.1839 0.074
Number of 263
Model F Statistic 3.21 0.0001
R-Squared 0.1533
Adjusted R-Squared 0.1055

Table 4.11 Results of the Second Stage Regression

70



4.3.3 Discussion of the second stage regressiorimod

The second stage regression model is highly sgamfi as indicated by the model
F-statistic of 3.21 shown in Table 4.11. The maBusted R-squared statistic suggests
that this model explains approximately 10 percéithe variation in the dependent
variable. Even though the R-squared statistiows this is fairly typical for cross-
sectional regression analyses.

There are three variables significant at the .{8llef probability. These include
sales squared, variable rate application of linm@sphorous and potassium, and having a
guidance system. In addition, several other véggbave relatively large t-values,
hinting at a possible relationship even though theynot statistically significant at the
critical level.

The relationship between sales and satisfactiestismated as a quadratic in the
sales X satisfaction plane. The negative coefiicier sales combined with a positive
coefficient for sales squared suggests a funchiahis concave upward. The regression
coefficient for sales squared is significant at@E) level, but the regression coefficient
for sales is significant only at the 0.18 levehislrelationship is plotted in figure 1. By
taking the partial derivate of the regression equawith respect to sales, setting it equal
to zero and solving for sales at this minimum pomthe curve, we find that the
minimum occurs at a sales of $648,235.6&s is demonstrated in figure 1, the
relationship between overall evaluation score amnohfsales suggests that evaluations

first decrease at a decreasing rate as sales ggcreaching a minimum at $648,236, and

2 dsatisfaction/dsales=-9.43599*10"-7+2*7.27821*1@5ales
0=-9.43599*10"-7+2*7.27821*10"-13sales
sales= 648,235.62
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then increase at an increasing rdtee first part of the curve is, however, esselytit.

In fact, the linear term is not statistically diéat than zero at the 0.10 probability level.
Over the change in sales of $50,000 to $650,00fluations experience a decline of only
0.26 point (in a five-point scale). After the mmmam point however, movement becomes
more dramatic. An in crease of $650,000 to $2 arilin sales results in a 1.33 point

increase to the evaluations on the five point scale
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Figure 4.1. Plot of the relationship between Gi®akes and Predicted Satisfaction Index

The various measures of operator human capitab#rfdrm employment are not
statistically significant in the second stage mod&yen though age is found to be a
significant determinant of precision farming adoptionce farmers of various ages
adopted the technology, the second stage modeéstggo relationship between age and
satisfaction. The same holds true for educativalJend seasonal and full-time

employment off the farm. Two measures of tenahsy were included to test for
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differences in land control methods and user satigfn with precision farming
technologies. These regression coefficients aks@ wot statistically different from zero.
Variable rate application of lime, phosphorous pathssium turned out to be highly
significant and positive as hypothesized. Becdlgse data came from a predominately
grain growing region, this result is somewhat expec What is somewhat surprising,
however, is the magnitude on the coefficient. Apm these nutrients at a variable rate
increases satisfaction by .5 points on a scale Wh&able rate application of lime,
phosphorus and potassium has the larges impadcttisfestion of any of the component
technologies.

The estimated relationships for the two measuresnanyield monitors are
interesting. Although neither coefficient is sifycantly different from zero at the 0.10
level, both have relatively large t-values. Thgression coefficient for the yield monitor
alone displays a negative sign. However, when & Gt is added, the combination
actually increases a farmer’s evaluation their igfen farming system. While neither
variable is significant, the p-values are relatnMeigh, and the presence of the
relationship is difficult to ignore. Such a retatship shows how significant the
interactions are between the yield monitor andratlgstems, notably GPS with regard to
overall system evaluation.

The positive sign and significance of the precisjordance regression coefficient
on this variable support the hypothesis that theeemany benefits to using a guidance
system as part of precision farming system. Ligable rate application of lime,
phosphorous and potassium, this is a binary vagiaké coefficient is then interpreted as
the effect of using the system vs. not using tistesy. The presence of a precision
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guidance system in the farms precision farmingesgstesults in an increase in the

satisfaction measure of nearly one-third point.

4.4 The component variable regressions

4.4.1 Farmer Satisfaction with Various Precisiomfiag Technology Components

In this section, | will seek to evaluate farmeegigfaction with individual
components of the precision farming system. Famesgyondents were asked to indicate
their use of each of 16 component technologiestiitieshin table 4 above. For each
component used, farmers were asked to evaluatestitesfaction with that component
with a response to the following question: "On ragni, the benefits of this technology
clearly exceed its costs." A five-item responsaesgvas coded as Strongly Disagree=1,
Disagree=2, Neutral=3, Agree=4 and Strongly Agree¥bis satisfaction index was then
used as the dependent variable in a multiple regnesnalysis. The component
regressions seek to explore the relationships leetwree different component
technologies that make up precision farming ameefin the survey. Joint adoption of
other precision farming component technologies bellincluded as explanatory
variables. This technique will allow a judgmenb®made as to whether various
precision farming components are complementary thighmodeled component, are
independent, or are competitive. In explainingrélationships between these
technologies, it may be possible to create a recendied precision farming system, or at
least to suggest components that should be adaptadystem. As mentioned earlier,
precision farming is highly individual, and ther@ncnever be one system that will be best
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for every farmer. However, it is likely that theaee patterns of satisfaction, and that
certain combinations of technology components @natin the aggregate more likely to
lead to a satisfactory experience. Like the sectage model discussed previously, the
component regression models also are conditiongh@first stage model of precision
farming adoption.

All of the component regressions share a commoofsmographic and
agribusiness related variables: percent of incawma fivestock, operator age, percentage
of farmland held in lease, full-time on farm empiwgnt, sales and post high school
education. These variables are similar to thosd usthe regression from the second
stage of the double hurdle model. The notablemimes are instead of two separate
variables for the percentage of cash leased and &wsed land, there is one variable for
the overall percentage of land leased and a biveigble for off farm employment
seasonal or year round. This was done mainlydegive degrees of freedom. The
square of the sales variable was also dropped therfinal model after earlier
regressions showed the regression coefficientmbetdifferent than zero. Properly
interpreted, this means that while sales is noalingth regard to the evaluation of the

total system, it is linear in the components.
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4.4.2 Georeferenced grid soil sampling

In addition to the agribusiness and demographi@kibes, the regression for
satisfaction with georeferenced gird soil samplimguded binary variables to indicate
the presence or absence in the precision farmisigsyof georeferenced scouting for
weeds, pests, diseases or insects, a yield moaiteRS, or variable rate application of

lime, phosphorous, potassium, nitrogen or otherents.
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Parameter Standard
Variable Mear  Estimatt Errot Pr > |t
Intercept 1 3.89423  0.48978 <.0001
Sales 481923 4.17E-07 1.98E-07 0.0375
Operator Age 52.80769 -0.00075971  0.00783 0.9229
Post High School
Education 0.49231 0.11032 0.15144 0.4678
Full-Time Farm
Employment 0.63846 -0.0035 0.16848 0.9835
Percent of Income
From Livestock 12.74  -0.00561  0.00317 0.08
Percentage of
Farmland Held in
Lease 55.86407 -0.00263 0.00247 0.2902
Georeferenced
Scouting 0.2 0.14113 0.18627 0.4502
Yield Monitor 0.56923 -0.11678 0.21126 0.5814
GPS Unit 0.52308 -0.0578 0.20071 0.7739
Variable Rate
Application of Lime,
Phosphorous and/or
Potassium: 0.83077 0.13935  0.18658 0.0028
Variable Rate
Application of
Nitrogen: 0.23077 -0.00154 0.17788 0.9931
Variable Rate
Application of Other
Nutrients: 0.16923 -0.02875  0.20572 0.8891
Dependent Variable 3.81538
Number of
Observations 130
Model F Statistic 1.61 0.0986
R-Squared 0.1415
Adjusted R-Squared 0.0535

Table 4.12 Georeferenced Grid Soil Sampling

77



The Georeferenced Grid Sampling Model is significarthe 0.0986 level as
indicated by the model F-statistic of 1.61. Thedelexplained 5.35 percent of the
variation in user satisfaction scores as indicatethe adjusted R-squared value. Only
sales and variable rate application of lime, phosplis and/or potassium are significant
at the .10 level. That variable rate applicatibthose nutrients is significant is easy to
accept, as the primary purpose of georeferencédamipling is to make soil fertility
management recommendations. Presence of VRT ef pimosphorous and/or
potassium, with all else unchanged, is associatddam increase in the user satisfaction
index of 0.60 points on a five point scale. Valgatate application of nitrogen and other
nutrients did not prove to be significant, suggestyrid sampling is not as useful for
nitrogen and other nutrients decisions. In paldicunitrogen is not stable in soils over
time, and its level varies greatly with weatherditions, particularly temperature and the
guantity of precipitation. Micronutrients deficigas vary greatly with soil type and are
highly variable across Ohio. Evaluation scoregeoreferenced grid soil sampling also
tend to increase with increased farm size. Theessjpn coefficient for sales was
significantly greater than zero at the 0.05 proligldevel. Even though this is a
statistically significant relationship, it may no¢ an important one. A $100,000 increase

in sales is associated with an increase in thefaation score of only 0.04.

78



4.4.3 Yield Monitor

Parameter Standard
Variable Mean  Estimate Error Pr> |t
Intercept 1 3.52199  0.57172 <.0001
Sales 581757 1.73E-07 2.00E-07 0.3882
Operator Age 52.18243 -0.00718  0.00898 0.4253
Post High School Education 0.57432 0.28919  0.16074 0.0742
Full-Time Farm Employment 0.66892 -0.14647  0.18252 0.4237
Percent of Income From
Livestock 7.89324 0.00466  0.00442 0.2935
Percentage of Farmland Held in
Lease 58.18296 0.00212 0.00277 0.446
Georeferenced Soil Sampling 0.49324 0.4354  0.24861 0.0822
Georeferenced Scouting 0.12162 0.33599  0.25604 0.1917
GPS Unit 0.7027 0.12933 0.18572 0.4874
Variable Rate Application of
Nitrogen: 0.44595 0.10504 0.26727 0.6949
Variable Rate Application of
Lime, Phosphorous and/or
Potassium 0.16216 0.07773 0.23989 0.7464
Variable Rate Application of
Other Nutrients: 0.10811 -0.28365  0.29605 0.3397
Dependent Variable 3.85135
Number of Observations 148
Model F Statistic 2.41 0.0074
R-Squared 0.1764
Adjusted R-Squared 0.1032

Table 4.13 Yield Monitor
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The Yield Monitor Model is significant at the 000Dlevel as indicated by the
model F-statistic of 2.41. The model explained2(ercent of the variation in user
satisfaction scores as indicated by the .1032 sjuR-squared value. Only possession
of a post high school education and georeferenciédampling are significant at the .10
level. That georeferenced soil sampling is sigatiit is as expected, as the system is
often used on fields before yield monitors. Preseavf georeferenced soil sampling,
holding all other factors constant, is associatéd an increase in the user satisfaction
index of 0.43 points on a five point scale. Thisdal does show education is an
important factor in increasing a user’s satisfactoth yield monitors, possessing a
degree higher than a high school diploma is astegtiaith an increase in user
satisfaction of approximately 0.29 points on a fpaent scale, when other factors are
held constant. One unexpected result is the stafisnsignificance of sales. This
suggests that given the relatively low cost ofeld/monitor, the economies of scale are
such that even small farmers feel the device igiwtbreir investment. Additionally,
having a GPS unit is not significant at the 0.M&lenor is it even near significant. This
result is difficult to confirm, as the expectatiwas yield monitors would be less useful

without the aid of a GPS.
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4.4.4 GPS

Parameter Standard
Variable Mean Estimate Error Pr> |t
Intercept 1 3.61031 0.5627 <.0001
Sales 602953 8.11E-08 1.98E-07 0.6834
Operator Age 51.28346 -0.00396  0.00908 0.6636
Post High School Education 0.59055 -0.17636  0.17207 0.3076
Full-Time Farm Employment 0.68504 -0.036  0.19089 0.8508
Percent of Income From 8.87559 0.00172  0.00441 0.6969
Livestock
Percentage of Farmland Held in 58.69879 0.0029  0.00286 0.3125
Lease
Georeferenced Soil Sampling 0.53543 0.59715  0.26962 0.0288
Georeferenced Scouting 0.10236 0.08932  0.29884 0.7656
Yield Monitor 0.81102 -0.01164  0.22621 0.9591
Variable Rate Application of 0.48819 0.20154  0.27688 0.4682
Nitrogen:
Variable Rate Application 0.17323 -0.06938  0.24194 0.7748
Variable Rate Application of
Lime, Phosphorous and/or
Potassium
Variable Rate Application of 0.08661 0.02766  0.33038 0.9334
Other Nutrients:
Dependent Variable 3.92126
Number of Observations 127
Model F Statistic 2.08 0.0238
R-Squared 0.1794
Adjusted R-Squared 0.093

Table 4.14 GPS
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The GPS Model is significant at the 0.0238 levehagcated by the model F-
statistic of 2.08. The model explained 9.32 pero¢ithe variation in user satisfaction
scores. Only georeferenced soil sampling is sicanit at the .10 level. That
georeferenced soil sampling is significant is nopssing, as GPS is generally used to

make practical use of the data provided by soilenm.
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4.4.5 Variable rate application of lime, phospha@raad/or potassium

Parameter Standard

Variable Mean  Estimate Error Pr > |t
Intercept 1 -0.09392  0.76572 0.9025
Sales 445390 4.18E-07 3.25E-07 0.1996
Operator Age 52.32624 0.01958 0.01218 0.1093
Post High School Education 0.50709 -0.10002 0.2377 0.6742
Full-Time Farm Employment 0.5922 0.02704  0.25999 0.9172
Percent of Income From

Livestock 11.85532 0.0009679  0.0051  0.8496
Percentage of Farmland Held in

Lease 55.12196 0.00289 0.00388 0.4566
Georeferenced Scouting 0.10638 1.05211  0.39583 0.0083
Yield Monitor 0.56028 -0.29973 0.27329 0.2737
GPS Unit 0.48227 0.44289 0.2676 0.0991
Variable Rate Application of

Nitrogen: 0.15248 1.13401 0.35476 0.0016
Variable Rate Application of

Other Nutrients: 0.09574 1.11889 0.4466 0.0128
Dependent Variable 1.69031

Number of Observations 282

Model F Statistic 5.10 <.0001
R-Squared 0.1719

Adjusted R-Squared 0.1382

Table 4.15 Variable Rate Application of Lime, Phosmus and/or Potassium
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The Variable Rate Application of Lime, Phosphorod/ar Potassium Model is
significant at the < 0.0001 level as indicated Iy tnodel F-statistic 5.10 . The model
explained 13.82 percent of the variation in uséisfection scores. Georeferenced
scouting, GPS unit, variable rate application ¢fagien and variable rate application of
other nutrients where all significant at the .1ele That other variable application
technologies are significant here suggests thasdah®ge machinery and mapping may be
used with the all variable rate application proceduThe regression coefficients for
variable rate application of nitrogen and otherrieats suggest all other things held
constant having these technologies yield an inereasatisfaction by a factor of 1.13 or
1.12 respectively, these number are both on gofomet scale. Equally impressive is that
all other things equal using georeferenced scouiageases satisfaction by 1.05 on a
five point scale. This relationship is strongaartlexpected, but the presence of a
relationship was expected, as georeferenced sgpigtimften used to prepare a field for
variable rate applications. GPS units too are tsedap a field before variable rate
application occurs, and may be used to aid a go&lagstem once the map has been

made. Having a GPS is associated with a 0.44aseren a five point scale.
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4.4.6 Aerial or Satellite Field Photography

Parameter Standard
Variable Mean Estimate Error Pr> |t
Intercept 1 1.82987  0.77693 0.0217
Sales 373288 2.66E-07 4.03E-07 0.5128
Operator Age 51.17808 0.0231  0.01216 0.0623
Post High School Education 0.57534 -0.24057  0.25688 0.3527
Full-Time Earm 0.52055 -0.42558  0.2551  0.1004
Employment
Percent of Income From 11.03425 0.00483  0.00516 0.3532
Livestock
Percentage of Farmland 59.73856 0.00585 0.00426 0.1745
Held in Lease
Georeferenced Gird Soll 0.47945 -0.032  0.34317 0.926
Sampling
Georeferenced Scouting 0.13699 0.73384  0.33044 0.0301
Yield Monitor 0.52055 0.18158  0.25352 0.4766
GPS Unit 0.47945 0.26583 0.27053 0.3297
Variable Rate Application of 0.43836 0.00979  0.34372 0.9774
Lime, Phosphorous and
Potassium:
Dependent Variable 3.46575
Number of Observations 73
Model F Statistic 1.33 0.2304
R-Squared 0.1934
Adjusted R-Squared 0.048

Table 4.16 Aerial or Satellite Field Photography
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The Aerial and Satellite Photography Model is digant at the 0.2304 level as
indicated by the model F-statistic 1.33. The magllained 4.8 percent of the variation
in user satisfaction scores as indicated by thestelj R-squared value of 0.048. There is
two variables significant at 10%, The general higpsis on the age variable was
negative, however here it has a positive coefficeaml is highly significant. A possible
explanation this rests in the age of the technolagyuestion. While satellite
photography is relatively new, aerial photographg been readily available since the
1940’s. This technology is not new or foreign thy@ne currently farming; many
farmers using aerial photography have likely begingiso for many years. The effect of
age is however fairly small, all other things beegyal for every year older a farmer is
there is an associated increase in satisfacti@0&31 on a five point scale. Farming full
time is also significant at 10%, has a particul&ilyh t value. It also has a negative
effect on this component’s evaluation, the effeaehs stronger, on a five point scale
holding other factors constant, being a fulltimerfar decreases satisfaction by

approximately 0.425.
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4.4.7 Guidance system

Parameter Standard
Variable Mean Estimate Error Pr> |t|
Intercept 1 2.13938  0.76468 0.0059
Sales 581613 4.50E-07 2.19E-07 0.0419
Operator Age 50.91613 -0.00009431 0.00882 0.9915
Post High School Education  0.5871 0.04951  0.16133 0.7594
Full-Time Farm Employment 0.61935 -0.05338  0.17924 0.7663
Percent of Income From 8.03032 -0.00186  0.00425 0.6626
Livestock
Percentage of Farmland Held60.10137 0.00255  0.00288 0.3762
in Lease
Type of Guidance System 0.87097 0.55039  0.25747 0.0342
Type of GPS 0.96774 0.80414 0.45055 0.0764
Georeferenced Scouting 0.08387 0.2243  0.28986 0.4403
Yield Monitor 0.70323 0.33814 0.18823 0.0745
Dependent Variable 4.04516
Number of Observations 155
Model F Statistic 1.55 0.1288
R-Squared 0.0970
Adjusted R-Squared 0.0343

Table 4.17 Guidance System
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The Guidance System Model is significant at th88llevel as indicated by the
model F-statistic of 1.55. The model explaineB34ércent of the variation in user
satisfaction scores as indicated by the adjustsdiRwed value. The sales variable along
with type of guidance system, type of GPS and ymedohitor are significant at the .10
level. The regression coefficient for sales isigigantly greater than zero at the 0.05
probability level. Despite this statistically sificant relationship, it may not be an
important one. A $100,000 increase in sales is@ated with an increase in the
satisfaction score of only 0.045. The other vdeslhave greater effect on the user
satisfaction. Type of guidance system is a binanable denoting the type of guidance
system used, where a score of 1 indicates the aoonenon lightbar system and a 0
shows the respondent has an autosteer guidanessyStimilarly, type of GPS used is a
binary variable for the control method on the guitasystem. A score of 1 here means
the system use differential global positioning &nddicates the guidance system is real-
time kinematic.

In both cases using the more widely available asd &xpensive guidance system
still resulted in a positive coefficient on the iadnes. Suggesting that while the effect of
sales on satisfaction might be very small overth#ire may be some economies of scale
involved. All other things being equal, havingght bar guidance system is associated
with an approximately 0.55 increase on a five pegale. While using DGPS, is
associated with a 0.80 increase on that same scédkdd monitors are also significant,
despite significant costs involved with such aeystpossessing a yield monitor in

conjunction with a guidance system provides oné aitme of the most modern, high
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tech farming equipment on the market. Having &ymonitor is associated with a 0.34

increase in satisfaction on a five point scale.

4.4.8 General observations form the component ssgres

While in many of the hypothesizes all of the valeéatate application technologies
were predicted to behave identically, this raradiditrue. Variable application, lime,
phosphorous and/or potassium was often the onlgiblarrate technology significant in a
regression and of the three, it was the one tougehecording to the hypothesis. This
suggests farmers make very different decision plyapg variable application, lime,
phosphorous and or potassium relative to nitrogehagher nutrients. Sales, while not
always significant in the component regressionsexia positive sign. The individual
parts would seem to exhibit increasing returnsctdesand a linear scale variable, in

contrast to the entire precision farming systemmwwiew as a complete unit.
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CHAPTER 5

CONCLUSIONS

5.1 Brief Overview of the Research

Each year more farmers are adopting precision atuie system to enhance their
productivity or in response to a commitment towarteaner environment. Precision
Agriculture (PA) is an emerging technology with stamtial promise to aid both farmers
and society. These methods, also variously reddo@sPrecision Farming, Site-
Specific Farming, Variable Rate Application Farmj@gdPrescription Farmingallow
application of inputs to a specific cropland araadu on soil type, fertility levels, and
other endowments of that site. The goal of a P3tesy is to manage each individual
parcel of land in such manner so as to maximizeebea profits for that parcel. PA
differs from conventional systems in that the lattetermines input needs based on
average values for an entire farm or field, and @sakput applications uniformly based
on these average conditions, whereas PA deterraimeeapplies inputs based on needs
for much smaller land areas. Hence, PA may resigteater input usage (and higher
yields) in some field areas relative to conventi@waiculture, and reduce inputs (and
perhaps reduced yields) in other areas. PA is@&gdo increase the economic
efficiency of input applications over the entirenfdand area. Benefits, from such a
system reach far beyond an individual farmer’sdoattine. Proper use of a PA can
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result in lower levels of pollutants from a farmtive form of excess fertilizer and
herbicide applications.

The purpose of this study was to understand thtefanfluencing adoption and
satisfaction with or profitability of precision agulture in Ohio. The adoption decision
is interesting in and of itself, as precision agitiere has been in existence in some form
for well over a decade and continues to expandnm fcircles. However, a more
interesting question might be in the face of adwoptare those farmers who have adopted
the technologies of precision agriculture satisfietth their decision? This study aims to
examine data from respondents who have adopteecssmn agriculture system and to
analyze the effect of farmer and farm business dgaptic and economic characteristics
on the farmer's satisfaction with the PA systempdrticular, this study explores the
relationship between the design of the precisiarcaljure system and an individual's
satisfaction with said system.

To that end, a random list of mailing addresse2%&30 farmers from Ohio with
farm income of over $50,000 was produced. A maslevey was administered to this
sample. The initial response rate was promisidgg8lsurveys were returned. However,
closer inspection revealed a response bias; relgtiewer farmers outside the Ohio corn
belt region responded to the survey. For thisaeawe limited our analyses to those
farmers in the 42 corn belt counties. Inferentdesn, can only be made for farmers in
that region.

To analyze what characteristics result in a farwieo is more likely to use
precision farming, a double hurdle model was dgwedb Its first stage is adoption of
any precision farming component technology. Themsd stage of the model is a
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measure of the private costs and benefits for ttieegprecision farming system. Finally,
in an effort to better understand the effect ofauas individual components of precision
farming on other technologies in a system, addatiomodels are estimated to measure

the private costs and benefits for several compiteehnologies.

5.2 General findings

Of the 585 respondent farmers 365, or approxim#i21¢%, had adopted at least
one precision farming component technology. Frbat group of 365 precision farming
adopters, 70.7%, or approximately 258 had adoptdtpie precision farming
technologies. On average, the survey found farmvers using four precision farming
components in their systems. Precision farmingsdn work best, not as an independent
component, but rather as a complete system; thigtrenplies many farmers are using
systems, not individual technologies.

A finding of this study is that farmers seem velggsed with precision farming.
Cost/Benefit scores are based on respondents'aticadof the following statement for
each technology component. The survey asked fartoeespond to the following
statement: "On my farm, the benefits of this ted¢bgyp clearly exceed its costs."
Answers were coded as 1=strongly disagree, 2=disa@=neutral, 4=agree, and
5=strongly agree” for 16 precision farming systemmponents. Every component
received more combined responses in the agreeomg$y agree categories than the
neutral, disagree or strongly disagree categoi®ser 80% of respondents agreed or
strongly agreed with the statement for variable egiplication of lime and variable rate
application of potassium. While not breaching 80&6 satisfaction mark, variable rate
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application of phosphorous scored in very high &¥slid use of a guidance system.
Guidance systems, for a relatively new technolagyelseen rapid adoption; over 50% of
surveyed farmers are using one of these devicesnmakhe mostly commonly adopted
precision farming component in the survey. Tlasieommonly adopted component at
7.4% was variable rate application of pesticidesl, the component farmers were least
satisfied with was aerial or satellite photographuigh only 51.1% of respondents being
satisfied with the technology.

There were major differences, particularly withaejto farm revenues between
the group of farmers that had adopted precisiamifag and those that had not. For the
group that had adopted precision farming, meansgfiarsn sales was $448,561, a number
well above the mean Ohio farm income of $267,868mpare this to nonadopters who
had sales of only $192,259, well below the statamfarm income. Only 17% of the
responding farmers using precision farming werth@é$50,000-99,999 sales class,
compared to 42.1% of those farmers who had nottadopl he other extreme, those
farmers with farm income of $500,000 or greate99®of adopter farmers were in this
sales class compared to 1.0% for nonadopters.

Mean operator age for adopters was slightly belewvaverall mean age for all
farmers in the study was 54.2, adopters had a mga®2.7, and nonadopters had a mean
age of 56.3. Education also differed betweenwmegroups. While most farmers in both
groups had received a high school diploma, 24.9%dopters had a college degree or
post-graduate education compared to 21.9% of ngrtado Additionally, only 1.1 % of
adopters lacked a high school degree, compare® @f nonadopters. Few of the
respondent farmers worked away from the farm, Bua&opters were somewhat less
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likely to work away from the farm. Most farmersntlled at least some of their land
through cash or share lease; however, PF adopegessemewhat more reliant on leased
land than were nonadopters. About 27.4% of adspted 42.6% of nonadopters
indicated that less than 25% of their land wasratled through leasing methods. Of
those farmers who leased 75% or more of their 18heél of adopters and 20.3% of

nonadopters indicated that more than 75% of tlaeid lwas controlled through lease.

5.3 Findings from the probit model of precisioniagitre adoption

The probit model was designed to indentify thosm& and farmer
characteristics that are associated with adoptigamexision farming. The model
correctly predicted 272 of 313 (86.9%) PA adoptdtxorrectly predicted 74 of 169
(43.8%) nonadopters. Despite the model being sdraemore likely to predict a
positive response, its overall prediction successssll fairly high at 71.8%
([272+74]/482).

There were nine variables used in the probit mddal, of which were significant
at the 10% level. These significant variables wheepercentage of farmland in high
value crops, farm business sales, the percentagenofousiness sales from livestock,
and respondent age. The variables found to sagmifiin the probit model were found to
be significant in many previous studies in adopaod adoption theory suggest these
variables are important. The negative sign aniistal significance for the percentage
of high-value crops in cropland use is as expeclédds simply indicates that farmers
emphasizing grain and oilseed crops (the excludéghory) are more like to adopt PA.
Age is statistically significant and displays a atge sign. This is consistent with
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estimates for computer adoption by Batte (1990)Rutter and Zilberman (1988). A
variable hypothesized to play a significant roleéha adoption of precision agriculture,
which turned out to be statistically insignificarsteducation. Adoption theory in
particular indicates, education represents acoesgdrmation and is one of the most
important predictors of whether a person will adap¢chnology. Here, however, the
effect of education, as expressed in having educditeyond high school, is not different

from zero.

5.4 Findings from the second stage regression nexdishating overall satisfaction

The second stage model considered only PF adoptedghe model is
conditionalon the first stage model. This second stage magkd OLS regression
methods. Satisfaction with the overall precisiamfing system is used as the dependent
variable. This question was phrased as: “For yaum situation, are the total benefits of
the entire precision farming system (consideringhalse items identified above) greater
than the total costs of this systefn?The five item response included “No, Costs are
significantly greater than Benefits” (coded as -2)o, Costs are slightly greater than
Benefits” (= -1), “Benefits and costs are aboutads0), “Yes, Benefits are slightly
greater than Costs” (=+1) and “Yes, Benefits agaificantly greater than Costs” (=+2).
The second stage regression model carried a mestatiBtic of 3.21 indicating a high
degree of significance. The model’s adjusted Rasepli statistic suggests this model
explains approximately 10 percent of the variatiothe dependent variable. Low R-
squared values are typical for this type of crassisnal regression analysis and
therefore the explanatory power or lack there bthe model is not a cause for concern.
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Three variables were significant at the .10 le¥gdrobability: square of gross
sales, variable rate application of lime, phospbsrand potassium, and having a
guidance system. In addition, other variablesretatively large t-values, hinting at a
possible relationship even though they were naissizally significant at the critical
level.

Sales and satisfaction was estimated as a quadekttonship with in the sales X
satisfaction plane. The negative coefficient fdes combined with a positive coefficient
for sales squared suggests a function that is ¥engaward. The regression coefficient
for sales squared is significant at the 0.10 |leweal,the regression coefficient for sales is
significant only at the 0.18 level. Over the chaigsales from $50,000 to $650,000,
evaluations experience a decline of only 0.26 p@ma five-point scale). After the
minimum point however, movement becomes more diianfah increase over the range
of $650,000 to $2 million in sales results in a3lp®int increase in evaluations on the

five point scale.

5.5 Satisfaction with individual precision agricuk components

Six individual components were model using multi&ss regression methods.
For each, the dependent variable was the respdaderswer to the following statement:
"On my farm, the benefits of this technology clgakceed its costs.” Answers were
coded as 1=strongly disagree, 2=disagree, 3=nedtraree, and 5=strongly agree”.
The components modeled were some of those most oaijradopted; georeferenced

soil sampling, use a yield monitor, use of a GR®, af variable rate application for lime,
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potassium and/or phosphorous, aerial or satelitgdggraphy, and use of a guidance
system.

From these models three particularly significantiings were revealed. First,
farm size was not an important determinant of fareagisfaction with these six
components. Farm size was statistically significaronly two of the models, and in
these cases, the relationship was so "flat" agytofg little change in the evaluation
score over a sizeable change in gross sales. eoad key result was that satisfaction
with the yield monitor was not influenced by havihg farmer jointly adopting a GPS
unit, this finding was unexpected. A GPS is reggiiin order to be able to store yield
information, to generate yield maps, and to allowdgeoreferenced analysis of yields.
The third key finding derived from the guidanceteys model. Binary variables were
included to identify both the type of guidance syst(lightbar or auto-steer) and type of
GPS (DGPS or RTK). Both variables were significa@f.interest is that in both cases
the more prevalent, less expensive systems (liglatih DGPS) were associated with
higher respondent evaluations of guidance systehmtdogy with all else equal. These

system types are simpler and require lower initreéstment.

5.6 Implications

The probit model further supports many of the auirtbeories of adoption.
Larger agribusinesses, specializing in crops amdated by younger farmers are more
likely to practice precision farming. From a médikg perspective, a target audience has
now been defined. Not every farmer who falls ia #ibove broad category has adopted
precision farming, and even those who have mayebsupded to adopt additional
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technologies. Today’'s younger farmers will be torow's, older farmers; the current
generation is adopting precision farming and segenerally pleased with their decision.
Following this logic, demographic changes over timik continue the trend toward
increased adoption. Firms would be well advisednploy a two-tiered marketing
strategy: First market to the current generatiolarge farmers, and, second, market
toward the younger farmers who represent the futdteéhough precision agriculture
technologies are being adopted now, it is in th& generation that precision farming
will either establish its hold on American agricut or fade away as a passing fad. To
ensure the latter does not occur, firms shouldrbagtive, informing the farmers of
tomorrow of the benefits to be had from precisiamfing before they take over their
parent’s farms.

While factors such as age, farm size (sales), eredos livestock operation were
significant in the adoption decision, these vaeablere not important determinants of
farmer satisfaction with precision farming. Intfa@n average respondents, no matter
their background, were satisfied with precisiomfeng. While certain groups, notably,
smaller and older farmers, are less likely to agwptision farming, once they do, these
farmers are equally likely to be happy with thentemlogy. The benefits of PF are not
particularly dependent on the demographics oflkdevidual user. Therefore, it might be
advantageous for firms to offer customers, pardidylsmaller farmers, a trial period with
some technical support before they buy. In domgtanight be possible to entice an
otherwise uninterested parties into trying preciserming, which they are likely to be

satisfied with and purchase.
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The technologies most widely adopted and most highdluated tend to be
relatively simple to operate components, not nesdgshose with the lowest capital
investment. Guidance systems are the perfect dedmepe. This technology was
adopted by more than 50% of the adopters groupisaperhaps the single most capital
intensive PA technology. However, it is relativelysy to understand and to use.
Variable rate application of lime, a very widelyptanted component (37.5%), is also
relatively simple to use; soil sampling is done, ipEasurements are made, and an
application map is generated. Most farmers cohtoache VRT application of lime, and
perhaps also the soil sampling and testing. Compésdo variable rate application of
nitrogen at 16.2% adoption. This is more compldkisecause nitrogen needs are
impacted by a whole host of factors, including meatpatterns. This suggests that
correctly predicting N needs for specific field &ions is difficult and error prone. One
of the least commonly implemented technologiesabée rate application of herbicides
at 11%, is another component that requires detameldcomplicated analysis similar to
that described for VRT nitrogen fertilization. Hewer, it also faces competition from
another technology. Roundup Ready crop technadtigws the use of Roundup
herbicides applied at uniform rate rather thanypgla mix of herbicides at variable rate
over the field. Roundup ready is certainly a lemsiplex/easier to understand technology

The idea of complexity adds the additional dimensibopportunity costs to the
fixed costs associated with precision farming. nfiens may be looking beyond the initial
price tag of a precision farming system into thst@j learning to use the system, even
into the time required to perform the analysishigh dollar cost may not be unattractive
if the system is easy to use and provides notiegaslults. Once again precision
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guidance systems a virtually unheard of technokbggcade ago, have been continuously
rising in popularity. The expense of this techiggless overshadowed by its effectiveness
and ease of use. When their members ask agrial@a-Ops what the easiest thing to

do to increases yields, a common response is iy ap@riable rate application of lime.
The technology is simple, it is available, if tlrerher cannot do the soil sampling, the

Co-Op usually can and, as this survey shows, ttetdogy is very effective.

5.7 Limitations

The first and perhaps the greatest limitation ®gdtudy revolves around the issue
of geography. Our survey analysis was restriadeitié corn belt region of Ohio because
of nonrespondense bias in the non corn belt regghile this does not prevent
meaningful conclusions to be drawn for the corn, ietloes leave unanswered the
guestion of adoption and usefulness of PA in tineaiader of the state. Future studies
may take heed of the fact that respondents in avbase precision farming is more
established, will also be more likely to resporithis might warrant a stratified random
sample to be run on geographic lines, focusing rmoreey attention way from areas
such as the corn belt. Doing so might serve teease the overall response rate from
other areas of the state and thereby allow for maaningful statewide conclusions to
be drawn.

A second limitation of the study concerned the \eagiss and subjectivity in the
PA satisfaction question. Respondents were asketthé individual component or entire
system "On my farm, the benefits of this technololparly exceed its costs". Each
individual was left to define benefits and costshieir own way. If a more quantified
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definition of costs and benefits is desired, thegmeatly expanded questionnaire will need

to be employed to allow these costs and benefite tstandardized and elicited.

5.8 Suggestions for further investigation

Education in the form of possessing a post higloalctlegree was not significant
in either the probit model or the second stageasggon. However, in both cases,
particularly the second stage regression, the pegalvas quite high. Another study,
more dedicate to the examining the effects of etlut@n precision farming
adoption/satisfaction might be in order. This gyrdoes not fully reject the possibility
that an effect between education and adoptionfaatisn exists, but the p-values offer
little support for this conclusion.

The idea of complexity and adoption/satisfactiom $bould be further explored.
This survey and my speculations suggest there mapime connection. After all,
increased opportunity costs associated with legrainew highly complex technology
help explain why simple to use technologies witjhhixed costs are still being widely
adopted. Complexity appears to play some rotaerfarmer’s decision to adopt, and to
a lesser extent whether they are satisfied withidblenology. This survey does not go
into any detail on this issues; it is present,dwiays in the background. Another
background issue that would be worth further inigasion is in-house application vs®3
party application. Is a farmer who adopts precigarming, particularly the variable rate
application technologies, more satisfied if thegrtiselves do the application? The
survey did ask about who did the application whanable rate technologies were used,
but few respondents answered these questionsoultvibe interesting to focus a study on
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this question, because it has the potential toalewéormation about the larger issue as to

whether fixed costs or opportunity costs have tleatgr effect on satisfaction.
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We ask that the principal decision-maker of thenfé@usiness answer this questionnaire. Please try t
answer every question. Select or give the answeatsybu believe to be most true for your business.

Did you operate a farm business in 20067 Yes

(Check the correct response) No

Are you age 18 or older? Yes
No

If you answered NO to either of the questions abplease stop now and return the questionnairean t
enclosed postage paid envelope.

A-1. What is your role in the farming business?€€hALL that apply)

| am the sole operator of the farm (or operaté wiy spouse)
| am a partner in a farming business

| am an owner of a farm organized as a corporation

| am a hired farm manager for another owner

Other

A-2. Please indicate the 2006 acreage for youramrorops.

Crop Acreage

Grains or Oilseeds (corn, soybean, wheat, etc.) acres

All hay crops acres
Vegetable crops acres
Fruit crops acres
Nursery crops acres
Other acres
A-3. Do you have a livestock enterprise on youmfarncheck one)

No => If NO, skip to question B-1 (next page)
Yes, answer the following questions

What percent of your 2006 gross farm sales canma freestock/livestock products?

Which type(s) of livestock did you raise in 200€héck all that apply)

Beef (All Types)
Dairy

Pigs

Sheep

Poultry

Other
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Section B: The following questions relate to tlse of computers in the farming business and thelge Internet as
a tool of management.

B-1. Do you use an office computer in any aspegofr farm business? This computer might be latatsour
home, at an off-farm business location or in thenfaffice. (Check the correct box)

No =>If no, skip to question B-7 (next page )
Yes => Please answer the following

B-2. Who uses this computer for business 2s€heck ALLthat apply.

Me

My spouse/significant other

Another partner/owner in the farming business
A son or daughter (farm business use only)

A hired worker

Other

ourLONE

Which of the above persons is the primaperator of the computer for business uges.
Primary may mean most time or the person that médeemost important decisions
with the computer. List the number (1-6) of thav@ry operator from list above.

B-3. To what extent do you feel the computer has
improved the performance of your business by eithe !
saving time or providing better information " E—

-

$ % & '

B-4. How often do you use the computer for thedf@lhg in your farm business?

( * Kk Kk 1 * % fé ")
+

1. Keeping financial records 1 2 3 4 5
2. Keeping production records (crop or livestock) 12 3 4 5
3.  E-mail 1 2 3 4 5
4. Internet searches for business information ,(@apgle 1 2 3 4 5

searches)
5.  Commodity or input price tracking on the Internet 1 2 3 4 5
6. Buying farm inputs over the Internet -- Purch@ismnsactions 1 2 3 4 5
7.  Advertising your farm products over the Internet 1 2 3 4 5
8.  Selling your farm products over the InternetleS 1 2 3 4 5

Transactions
9.  Online trading of agricultural commodity contracts 1 2 3 4 5

(futures/options)
10. Online trading of stocks, bonds or other finahinvestments 1 2 3 4 5
11. Online banking or bill paying 1 2 3 4 5
12. Computerized tax computation/filing 1 2 3 4 5
13. Filing regulatory reports (e.g., pesticide use) 1 2 3 4 5
14. Routine office tasks (correspondence, etc.) 12 3 4 5
15. Other: 1 2 3 4 5
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Of the uses listed above (1-15), which one is @laember in the appropriate box):

" w_om # o

B-5.1f you said that you purchased inputs overltiternet, please check all the inputs types that yo

purchased online in 2006. (check Athat apply)

Crop inputs (e.g., seed, fertilizer, herbicides)
Livestock feed

Other livestock inputs (e.g., health productsidieg
Livestock (animals)

Farm machinery/equipment purchases

Farm machinery/equipment parts or farm supplies

Banking/financial services

Information services (consultants, data services)
Personal or household items

Other:

Other:

B-6. If you said that you sold products over thietnet, please check all the products that weig: @aline in

2006. (check ALLthat apply)

Corn, soybean, wheat or other field crop
Hay/forage crops

Fruit crops

Vegetable crops

Other value-added/specialty crops (specify)
Livestock — breeding animals

Livestock — market animals

Crop inputs (e.g., seed, chemicals)
Farm machinery/equipment

Personal or household

Other:

Other:

B-7. Please indicate the degree to which you agreksagree with the following statements relatmgse of the

Internet for business transactions.

(Circle one response per row)

Strongl
y Disagr Undecid Agree
Disagre ee ed
e
1 Purchasing from the Internet is safe. 1 2 3
2 | am willing to purchase farm inputs from the 1 2 3 4
. Internet if the price is lower.
3 I like to shop for prices online but make my 1 2 3 4
. purchases at a local store.
4 | would like my local farm supply store to have 1 2 3 4
. online sales so that | can purchase from home
5 I'will purchase farm inputs from local businesses 1 2 3 4

even if it costs more than the Internet.
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Section C: Precision Farming
For all the following questions, please respondareling last year(2006) production.

C-1. Please complete the following table coneggrihe use of the following Precision Farming tembgies on
your farm.
Have you On my farm, the benefits of this technology clearly
Adopted? exceed its costs. (Circle One
Item Technology
Strongly Strongly
(Circle one) | Disagree Disagree  Neutral Agree  Agree

1 Georeferenced (i.e., map-based or

location specific) grid soil sampling YES NO 1 2 3 4 5
2 Georeferenced field scouting for weedsYES NO 1 2 3 4 5
3  Georeferenced field scouting for

insects, pests, or disease YES NO 1 2 3 4 5
4 Boundary Mapping YES NO 1 2 3 4 5
5  Yield Monitor YES NO 1 2 3 4 5
6 Satellite GPS receiver YES NO 1 2 3 4 5
7 Variable Rate (i.e., rate varied acros

field) Application of Lime YES NO 1 2 3 4 5

Variable Rate Application of
8  Phosphorus YES NO 1 2 3 4 5
9  Variable Rate Application of YES NO

Potassium 1 2 3 4 5
10 Variable Rate Application of Nitroger YES NO 1 2 3 4 5

Variable Rate Application of other
11 Nutrients YES NO 1 2 3 4 5
12 Variable Rate Application of YES NO

Herbicides 1 2 3 4 5
13 Variable Rate Application of Pesticic YES NO 1 2 3 4 5
14 Variable Rate Seeding YES NO 1 2 3 4 5
15 Aerial or Satellite Field Photography YES NO 1 2 3 4 5
16 Precision Guidance (light-bar

navigation or auto pilot system) YES NO 1 2 3 4 5

If you answered NO to all items (1-16), then skiséction D on page 7.

Of the technology components listed above (1-1&),far your farm situation, which one is
(Place item number in the appropriate box):

Most Second Most Third Most
Important Important Important
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C-2. For your farm situation, are the total betsedi the _entireprecision farming system (considering #ibse
items identified above) greater thtre total costsf this system? (Check ONdhswer only)

Yes, Benefits are significantly greater than Costs
Yes, Benefits are slightly greater than Costs
Benefits and Costs are about equal

No, Costs are slightly greater than Benefits

No, Costs are significantly greater than Benefits

%* r"t, + 0 1 2
No => If NO, skip to question C-4
Yes, answer the following questions
#(#- " 1" # "t+ 0 ", 2 ) "l
+" o ,
4 "+ 0 ,
4
"o"# ") B+ 11
4 " "+#+ 1 ¢
Preno # .- 2 [ ] I
+ 7)), #8 " "+9
R ;"9 ;-"-9 0
4, , "9 -"-9 o

C-4. Do you use precision guidance (lightbar opsigter) on any implement?

No => If NO, skip to question D-1 (next page)
Yes, answer the following questions

* 9 #("!
A lightbar system
An autosteer system

b. My system is: (check one)

RTK (Real-Time Kinematic)

DGPS (Differential Global Positioning System)
Don't know

¢. Who is the manufacturef your system?

[ ] John Deere
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Trimble
Autofarm
Other (specify)
Sty o, " #, " - -+ #( # !

Section D. About you and your farm business.
This information is required for statistical anasysAll information provided will be anonymous anever reported
other than as group averages.

D-1. Is the primary farm operator

Male
Female

D-2. What was the primary operator's age at hiddsirthday?

D-3. What was the highest level of formal edugatompleted by the primary operator?

Less than high school

High school graduate or GED

Some college but no degree

College degree

Post-graduate or professional degree

D-4. Did the primary operator work off the farm20606?

No
Yes, SEASONALLY
Yes, YEAR AROUND

D-5. How many of the acres you farm are:

Owned acres
Share leased acres
Cash leased acres
Total Acres Farmed acres

D-6. What is the Zip Code for the parcel or traetttyou considered to be the main
base for your farming operation in 2006

D-7. What was the approximate gross sales for gatirefarm business in 2006? (Include shares for atheas)
(Check one)

Less than $20,000
$20,000-$49,999
$50,000-$99,999
$100,000-$249,999
$250,000-$499,999
$500,000-$999,999
$1,000,000 and over
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