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ABSTRACT

The impact of Automatic Section Control (ASC) as a tool of Precision Agricultural
Technology is considered in more efficient application of inputs to produce the four major crops,
corn, soybean, HRSW, and canola in the North Dakota Prairie Pothole Region. Reduction in
machinery overlap in the sample 105 fields were calculated by simulating the routing paths of a
60-feet wide planter with 24 sections controlled and a 120-feet wide boom sprayer with
individual nozzle control. The dollar and percentage seed and chemical costs that a farm can save
by reducing overlapping area were calculated. Impact of field parameters on net savings were
estimated by developing and estimating an econometric model. Results show that ASC can save
substantial cost in the sample fields while field shape had the highest significant impact on net

cost savings.

Keywords: Precision agriculture, Automatic Section Control, machinery overlap, econometric

model.
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CHAPTER 1. INTRODUCTION

1.1. Justification and Objective of the Study

Precision agriculture has a significant impact on inputs of agricultural production, crop
yield and crop quality (Chunziang et al. 2003). Besides the benefits bestowed upon farmers in
the form of more efficient use of inputs, precision agriculture technologies play a key role in
maintaining the quality of the environment (Smith et al, 2013). Automatic Section Control is a
special kind of precision agricultural technology which is used primarily to minimize input cost
by reducing overlap and double-application of inputs like seed, fertilizer, herbicide etc. The
amount of cost saved depends on how much double-planted area is eliminated because double-
application of inputs is costly due to the increased cost of seeds and chemicals, and efficiency
loss of the fields in terms of harvesting and plant-competition (Jernigan,2012). According to
Mooney et al (2009), the amount of this input cost saving is at least 11% of the total cost of
production. Again, the quantity of the double-planted area in a field depends upon several factors
such as field size, field shape, number of obstructions in the field, the width of the equipment,
the direction of the equipment in the field, and accuracy of the equipment operator (Velandia et
al 2013). The overlapping areas occurring in the point, end rows, and headland are shown in the

following figures:



Operator Response

Needed Overlap
Minimum Double-Planted Area

Figure 1. Double Planted Area in a Field

Figure 2. No-Spray and Double-Sprayed Areas in a Field

Agricultural equipment makes parallel passes across the fields for planting seeds or
chemicals. In case of small and irregular shaped fields, these passes create application errors
which become even more severe when approaching the point rows in the field margins, creating
overlapping areas inside the field (Luck et al 2009). This leaves two choices for the machine
operators: either they can skip the overlapping areas, which result in under application of seeds

and chemicals or they can apply seed and chemicals twice in that part of the field, which creates



both wastes of resources and may harm the cultivable land. Studies show that if a portion of a
field remains uncultivated, it may result in low yield of crops, such as corn and soybean
(Shafagh-Kolvanagh et al 2008). Again, double-application of herbicide can cause crop injury
which may affect the production efficiency by increasing input costs (Luck et al 2010). It is
evident from this discussion that reducing or eliminating overlapping areas and application errors
of machinery are crucial to achieving the goal of profitability of the farming operation, which is
almost impossible when manual section control of machinery is applied.

The Automatic Section Control (ASC) technology promptly utilizes GPS to identify the
planter or sprayer location. As it moves through the fields, it clearly identifies the rows or
section, where seed, fertilizers or herbicides are already applied and turns off those rows and
sections at once. Use of ASC on planters also identifies the “no-plant zones” and can prevent the
wastage of seeds in those areas (Velandia et al, 2013). Without the presence of ASC, farmers
have to manually decide where to apply seed and chemicals, so there is always a possibility of
double-application of input materials and also to waste these valuable input materials by
applying these into “no-plant zones”. In this way, ASC can help to avoid overlapping and
double application of seeds, fertilizer, and herbicides in the fields. Reduction in overlapping and
double application of inputs result in substantial cost savings on seed and chemicals especially
for those fields, which contain temporary seasonal wetlands, low-yielding saline areas, and/or
other obstacles.

Role of ASC in input cost saving and thus maximizing net returns from the fields is
supported by previous research. Troesch et al. (2010) found that when the prices of the
agricultural commodity are low relative to input prices, ASC can reduce input use by 4.3%. Luck

et al (2010) conducted a study on pesticide application in three fields by using ASC sprayer and



showed that ASC results in substantial reduction in over application of inputs, where they found
a positive correlation between the amount of cost savings and the number of section controlled.
Furthermore, Shockley et al’s (2012) whole farm analysis on Kentucky fields showed that ASC
increased net returns up to $36/ha.
1.1.1. Justification of the Study

Though the profitability of a farm depends both on the revenue and the cost, the cost is
the factor more controllable by the farm. Hence, it is necessary for the farms to put emphasis on
the minimization of cost to maintain the profitability of the farm. To do this, farms must identify
areas where they can achieve a cost advantage. Machinery cost advantage can be a determining
factor in the farm’s profitability and long-term business sustainability. Through an empirical
analysis on the profitability data of 699 farms in Kansas, Dhuyvetter and Smith (2010) showed
that the role of income difference is less important in determining profit difference among high,
medium, and low profit farm enterprises, whereas cost-control plays a severe role in ascertaining
profitability difference. They further emphasized that the profit position of the farms can be
improved if the farms focus on machinery management. This viewpoint has also been duly
acknowledged by Smith et al (2013). They opine that compared to the other determining factors
of profit such as crop price and yields, machinery costs are more tenacious and thus adopting
modern technologies can improve the profit position of the farms by lowering the production
cost.

The Prairie Pothole Region of North America consists of North Dakota, South Dakota,
Wisconsin, and Minnesota and is comprised of depressional wetlands [Figure 3]. The
distinguishing feature of this land area is that it contains an enormous number of potholes, which

during the spring season are filled with snowmelt and rain (U.S. Environmental Protection



Agency). This region is considered one of the most important wetland regions in the world since
it provides shelter for more than 50 percent of North America’s highly productive species such
as migratory waterfowls. The ecological importance of this region calls for agricultural practices

which bring out not only the most economic benefits but also ensure environmental conservation.

Figure 3. Prairie Pothole Region
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Figure 4. States in the Prairie Pothole Region

Kiel (2016) suggested that in soybean and corn field, in the period of 2006 to 2014,
pothole areas had a greater economic loss in four of the nine years and in eight of the nine years
pothole areas had lower ROI than the upland areas. They also expressed the opinion that in

poorly drained areas like pothole regions, it is necessary to find out better management and



cropping practices to get rid of economic loss. Again, past researches suggest that producers can
improve their profit positions if more focus is placed on efficient machine management, specially
the cost side of it. Precision agricultural technologies such as ASC can solve this economic-
ecological dilemma since, in one way, ASC can reduce seed cost by avoiding the previously
planted and “no-plant zone”, and in another way, it helps to maintain the quality of the soil by
eliminating double-spraying of chemicals. For this reason, it is important to investigate into the
matter whether ASC will bring substantial economic benefits to the farmers of North Dakota
counties which fall into the Prairie Pothole Region.

It is interesting to note that though there are lots of studies available about the economic
benefits of ASC in distinct parts of North America, only a few attempts have been taken to find
out the potential economic benefits of implementation of ASC in North Dakota farms. A survey
conducted by Bora, Nowatzki, and Roberts (2012) revealed that the 34% of the respondent
farmers who reported using GPS guidance, and the 27% of the farmers who reported using both
GPS guidance and the auto steer were able to reduce the fuel and labor usage by 6%.

Considering the above situation, this paper attempts to find out the economic benefit in
the form of potential cost savings by using ASC in the farms of 15 counties of North Dakota
which are situated in Prairie Pothole region. Using ArcGIS modelling, this paper finds out
different geometric attributes of 105 fields (7 fields from each county) such as field area, field
perimeter, field shape, number of obstacles and investigates their impact on the overlap in
planting and spraying operation. This study also shows how much cost savings farmers can
achieve if ASC is applied in the form of 60 feet wide row crop planters and 120 feet wide self-

propelled sprayers.



1.1.2. Objectives of the Study

Considering a crop mix of corn, soybean, Hard Red Spring Wheat (HRSW), and canola,

the objectives of the study are as follows:

1.

Finding the overlapping area that could be reduced in each of the 105 fields by using
ArcGIS modelling.

Identifying the input cost savings due to the elimination of double-application of seeds by
using ASC on a 60 foot row-crop planter.

Identifying the input cost savings due to the elimination of double-application of
chemicals (herbicides and pesticides) by using ASC on a 120 foot self-propelled sprayer.
Estimating the impacts of field parameters on the net seed and chemical cost savings of
each of the four crops (corn, soybean, canola, and Hard Red Spring Wheat [HRSW])

Findings obtained from this research have important implications for the farmers of the

Prairie Pothole Region of North Dakota. These findings will assist farmers in making some very

important investment decisions by generating answers to the following questions:

1.

2.

Is the cost savings obtained from ASC substantial to invest in this technology?

What is the reduction in overlapping area and input cost savings that the farmers can
expect by adopting ASC in their farms?

Which of the four crops (corn, soybean, canola, and HRSW) provides the highest input
cost savings?

1.2. Background Study and Review of Literature

Adoption of Precision Agricultural Technologies such as Auto Steering and Automatic

Section Control among the farmers is a well discussed issue among renowned agricultural and

natural resources economists. Previous studies performed by numerous scholars provide the



evidence of substantial cost savings and sustainable use of natural resources through the adoption
of the technology of Automatic Section Control since this technology can eliminate double
application of input materials such as seeds and chemicals. However, scholarly works suggest
that the amount of cost savings depend upon several factors such as the parameters of the field
and varies among the types of the crops. This review of literature will entail an overall discussion
on Precision Agriculture, the technology of Automatic Section Control and its importance in
reducing the double application of input materials through the elimination of double planted
areas. This section is thus divided into three parts: 1) Precision Agriculture and its importance, 2)
The technology of Automatic Section Control, 3) Role of Automatic Section Control in input
cost savings through the elimination of double planted areas.
1.2.1. Precision Agriculture and Its Importance

The scope and significance of Precision Agriculture are so broad that its definition and
importance have been addressed by different scholars in numerous ways, each of which
expresses a unique characteristic of this agricultural method. In its Agronomy Technical Note 1,
Natural Resources Conservation Service (NRCS) of United States Department of Agriculture
(USDA) describes Precision Agriculture as a method of “as needed” farming, an idea which is
influenced by a widely accepted definition of Precision Agriculture given by Precision Ag. 2003,
“a management system that is information and technology based, is site specific and uses one or
more of the following sources of data: soils, crops, nutrients, pests, moisture, or yield, for
optimum profitability, sustainability, and protection of the environment”. This study also
expresses the opinion that the goal of Precision Agriculture should be to assist farmers in
identifying productive and problematic areas and to help them decide which areas they should

cultivate or avoid considering economic and environmental factors. This technical note also



enlists the technologies such as Auto Steer, RTK (Real Time Kinematic), Differential GPS,
Remote Sensing etc. as the correlating technologies of Precision Agriculture and discusses how
these technologies accelerate the benefits associated with this method. Current study also
describes Precision Agriculture as a management and decision-making tool which assists the
farmers in making important farming decisions such as providing the optimum level of nutrients
to plants, yield monitoring, identifying in-season nutrient deficiencies, and locating
environmentally sensitive areas such as waterways, streams, ditches, wetlands, high leach
potential soils and tile inlets so that over-application of nutrients can be avoided.

Bongiovanni and Lowenberg-Deboer (2004) see Precision Agriculture as a tool for
achieving sustainability in crop production. According to them, this sustainability stems from the
environmentally friendly production methods associated with Precision Agriculture. These
methods can preserve environmental quality by reducing the unnecessary application of
fertilizers and pesticides and more targeted use of nutrients. For this reason, Bongiovanni and
Lowenberg-Deboer (2004) intend to denote Precision Agriculture as a tool of Sight Specific
Management (SSM), “to do the right thing, at the right place and at the right time”. Through an
on-farm trial with the application of N fertilizer in Argentina, Bongiovanni and Lowenberg-
Deboer (2004) showed that using precision agriculture as an SSM tool can still maintain
profitability though the input is reduced. The researchers conclude that Precision Agriculture is a
more profitable and beneficial method than whole field management in that application of N can
be reduced in sensitive areas while maintaining profitability by using this method. However, the
study was unable to show how PA can contribute to long-term sustainability of agricultural

production through empirical analysis.



In an earlier study, Precision Agriculture was addressed as a tool of site-specific crop
management in Australia by S.E. Cook and R.G.V. Bramley (1998). They discussed not only the
opportunity and benefits of PA but also the drawbacks associated with it in the context of a case
study in the Western Australia wheatbelt. The uniqueness of the study is that, instead of denoting
Precision Agriculture as a single technique, it sees this method as a range of methodologies or a
process or continuing response-control-response cycle which is comprised of four stages: 1)
improved observation, 2) interpretation, 3) evaluation, and 4) implementation. Besides, Cook and
Bramley (1998) suggest and enlist technologies such as Global Positioning System (GPS),
Remote Sensing, Variable Application Technology and Geographic Information System (GIS) to
collect and manage the flow of information and yield maps for the farm decision-making
process. Furthermore, this study also suggested a number of models such as Experimental
intuitive models, mechanistic models simulation models, expert systems and artificial
intelligence models and statistical models for the prediction of the future likelihood of events
based on the current information. In this way, this study helps us to understand the actual role
that the technology like remote sensing, GPS, and GIS play in the Precision Agricultural
methods. This study clearly points out the benefits of managing within-padlock variability which
was earlier considered as noise and thus was not observed or explained.

Ganesh C Bora, John F Nowatzki and David C Roberts (2012) see Precision Agriculture
as an effective tool for energy savings. According to them, Precision Agriculture works as
knowledge-based technical management systems which can reduce input costs by reducing
overlapping of equipment and tractor passes through the use of GPS guidance and auto-steering
systems. This study about energy savings through Precision Agriculture is important because of

the increased use of agricultural energy over the last 50 years which is about 17% of total

10



national energy use. The researchers also mentioned in their study that a substantial return on
investment can be achieved with a pay-back period of 1 year if the GPS guidance system is used
to reduce the overlapping areas in a field. Conducting a survey over 1000 farmers of North
Dakota, this study was successful to show that farmers who used GPS guidance system of
Precision Agriculture in their field were able to save 65 hours of machine operating time, which
accounts for about 6% of the total farm operation time, and could curtail the fuel use by 435
gallons, accounting for 6.3% of total fuel use for the average farmer. This savings in fuel usage
causes a monetary savings of US$ 1,305 per farm. Bora, Nowatzki, and Roberts (2012) also
showed that use of autosteering systems in farming operations could save 75 hours of farming
time, which resulted in a fuel savings of 493 gallons with a monetary value of US$1,475 per
farm. However, this study limits its analysis and conclusion in energy savings only and does not
show how much seed and chemical costs can be saved if GPS guidance and autosteering systems
are used in farming operations.

It is noteworthy that to ascertain the farming success through the utilization of Precision
Agricultural Technology it is necessary to find out the total number and the percentage of
farmers who adopt this technology in farming. Through a survey method called “Audience-
Response” in a conference attended by two hundred and thirty-seven participants of nine
representing states of the U.S., Griffin and Fulton (2009) were able to show in their study that
about one-fourth of the Alabama farmers and four-fifths of Florida farmers used GIS mapping
software to view, store, manage and analyze the information regarding farming. Whereas, 37%
of Alabama and 80% of Florida farmers used GPS guidance system for taking the decision of
applying lime and fertilizer in their fields. Whereas, Bora, Nowatzki, and Roberts (2012) found

that 34% of the farmers of Upper-Midwest region of the U.S. used GPS guidance and 27 % of
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the farmers use both GPS and autosteering system and thus were able to reduce machine
operating time and save energy cost.

The benefits of Precision Agriculture discussed in the preceding paragraphs suggest that
more farmers should come forward to adopt this technology to gain maximum benefits from
farming. The above discussion also clarifies the benefits of GPS guidance, autosteering system,
RTK, and Swath Control technologies and the importance of reducing overlapping areas in the
fields to save input costs. However, all the Precision Agricultural technologies are not cost
effective and cannot generate substantial cost savings for the farmers. So, it is a very crucial
decision for the farmers whether to adopt the Precision Agricultural Technologies and especially,
which technology to adopt. The benefits of Automatic Section Control (ASC) as a method of
Precision Agriculture stems from this dilemma.

1.2.2. The Technology of Automatic Section Control- The Way It Works

Fulton et al (2011) define Automatic Section Control (ASC) as a precision agricultural
technology that the farmers adopt primarily to save the cost of production. According to them,
this cost savings occurs primarily because this technology allows the planter to turn off the
sections in the areas previously planted, or in the areas of the turning alongside the headland of a
field. Furthermore, this technology turns off the machinery when it approaches a non-navigable
obstacle such as point row, terraces, and waterways, and thus can reduceoverlap and minimize
double or triple planted area particularly in small and irregular shaped fields containing grass
waterways and terraces. This trait of ASC also helps to improve the efficiency of the planter and
increase operator efficiency, especially during night time. Since the operator does not have to
turn on and off the machine manually, this may increase the efficiency of the operator. Fulton et

al (2011) further stated in their study that these benefits of Automatic Section Control can be

12



increased if GPS-based guidance system is introduced along with ASC. In this regard, they
recommended using Real-Time Kinematic (RTK), Trimble’s new RTX Technology or decimeter
level accuracy correction services as GPS/GNSS Receiver. However, using GPS as a data
collection tool during planting is not a new idea at all. In a study involving three different planter
widths (15 feet/6-row), 30 feet/12-row and 40 feet/16-row) over 2700 acres of corn producing
field, Taylor et al (2001) used GPS for logging latitude and longitude position of the equipment
to measure field efficiencies and capacities of row crop planters. Furthermore, Grisso et al (2002)
used GPS to log time-in-motion data in their study of measuring field efficiencies of two crop
production systems in two different field traffic patterns.

In an earlier study, Batte and Ehansi (2006) provided an estimate of the benefits of a farm
when precision guidance is used along with an auto-boom control for agricultural sprayers.
Taking three hypothetical fields with the size of 40.47 ha each, and of different shapes, they
made a comparison between a traditional, non-precision spraying technology with a precision
spraying technology that involved Real Time Kinematic (RTK) and GPS to provide both
guidance and individual nozzle control. The precision sprayer was also equipped with a
computer-aided nozzle controller which could turn off the nozzles when they approached any
area which was previously sprayed. Thus, the precision sprayer could reduce overlapping in the
fields. Batte and Ehsani showed that the irregular shaped fields contain more overlapping areas
than the regular shaped fields. In the absence of individually controllable spray nozzle the
sprayer operator makes a pass across the irregularly shaped field end. Thus, a sprayer overlap
occurs in this area with every sprayer swath. Also, the fields which contained a greater number
of non-navigable obstacles tend to contain more overlapping areas when a non-precision sprayer,

that is, a sprayer without individual nozzle controller is used. Batte and Ehsani (2006) concluded
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that introducing a computer-aided individual nozzle control sprayer was the most beneficial in
case of irregularly shaped fields with a greater number of non-navigable obstacles where the
sprayer cannot pass through. In other words, they have introduced the impact of field shape and
number of non-navigable in-field obstacles in determining the overlapping area in the field.
However, some major limitations in their study are: instead of considering each field
independently, they assumed that all the fields of a farm are of the same size and the number of
non-navigable obstacles is same for each field. These factors may underestimate the reduction of
overlapping areas and cost savings in irregularly shaped fields. Current study overcame this
limitation by considering the actual number of non-navigable obstacles inside every sample field
and estimated the effect of these non-navigable obstacles in reducing the overlapping area of that
field and on the changes in net savings.

There are several other studies which have also shown the magnitude of effects ASC can
impose on minimizing the application error of the machine in the form of reduction in machinery
overlap. Luck et al (2010) estimated that adaption of ASC can reduce the overlapping area
occurring in a field by 15.2% to 17.5% in case of 30 sections controlled, 11.2% to 11.5% if 5
sections are controlled, and 8% to 8.5% in case of a boom sprayer with 3 sections controlled as
compared with Manual Section Control (MSC). The study of Luck et al covered 21 fields of
Kentucky which were of varied sizes and irregularly shaped. The total land area of the sample 21
fields was 578 ha. They created GDX map files of the fields under study, and by importing them
in ArcMap (ArcGIS v9.3ESRI, Redlands, California) they transformed the coordinates of the
field maps into a Universal Transverse Mercarator (UTM) projection. Thus, Luck et al (2010)
showed a realistic simulation of the routing path of a 24.76m boom self-propelled sprayer.

Overlapping area incurred in the fields was calculated by creating a simple geometric model.
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This model selected and evaluated three coordinates by fitting a circle to each of the coordinates.
After that, the radius of each circle was calculated, and this radius was considered as the turning
of the sprayer while spraying chemicals in the fields. An annular region was also considered in
the turning point of the sprayer. All the annular regions and radius were summed up together to
produce the “on” control section state or overlapping area in case of using a map-based
automatic boom section control. This overlapping area or “on” control section states were then
compared with actual field area to compute the percentage of overlapping are of a field. Current
study also followed the same methodology of calculating percentage overlapping area of the
sample 105 fields. In another study, Luck et al calculated six geometrical factors such as field
area (A), field boundary perimeter (P), length of longest parallel pass (L), perimeter-to-area
ratio(P/A), field circularity (C), and square-perimeter index (SPI) by using the geometrical tool
of ArcGIS and estimated the impact of those geometrical factors on sprayer overlap (Luck et al
2011). They also compared those geometrical factors to the percentage of sprayer overlap for
each of the configurations of the sprayer (5,7, and 9 sections controlled). Multiple regression
equations were estimated for the above three configurations of the sprayer and the highest R-
square could be obtained was 0.647. This study finds that the impact of field shape is the greatest
in reducing sprayer overlap in a field which is characterized by the highly significant P/A ratio.
Their study revealed a very important factor sprayer overlap does not reduce significantly when
the number of sections increase (Luck et al 2011).

Jernigan et al (2011) conducted a study in the 28 cotton fields of West Tennessee
totaling 1122 acres to estimate the effects of planter width on the reduction in overlapping area.
They found in their study that when an 18-row (57 feet) planter is used, the overlap reduction

was 12.2 acres or 39% of the total arable area in the last planter pass of the field. When the
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planter width increased, and a 24-row (76 feet) planter was used, the reduction in overlap area
increased up to 18.5 acres or 42% of the total arable area. These findings indicate that as the
machinery width increases, the percentage reduction in overlap area also increases.

Zandonadi et al (2011) estimated the off-target application errors or machinery overlap in
agricultural fields by developing a computational method. This study analyzed GIS formatted
shape files of fields in a software program named Field Coverage Analysis Tool (FieldCAT) and
calculated the machinery overlap in a field caused by the swaths of the machine across the
headlands. Zandonadi et al (2011) also considered the navigable obstacles (obstacles which the
machine can pass through), and non-navigable obstacles (where the machine cannot pass through
but can make a headland pass along the boundary of the obstacle) along with the overlap created
in headlands in calculating total overlapping area. Results show that the off-target application
errors, or the areas where the inputs should not be applied could be reduced by 9.1%-27%, 6%-
13.1%, 0.5%-1%, and 0.2-0.5% when the controlled section widths were 27m, 13.5m, 1m, and
0.5m respectively. FieldCAT is also used as an analysis tool in a study where the researchers
developed a whole farm decision-making framework to analyze the impact of ASC installed
sprayer and planter on reducing the overlapping area of a field (Shockley et al, 2012). Shoekley
et al (2012) found that when ASC is coupled with Auto-Steer, it can reduce off-target application
error as the planter/sprayer makes parallel passes across a field. They considered a 24m sprayer
and 16 row-planter where the ASC was installed and the reduced overlapping area in case of an
ASC installed planter/sprayer was compared with a base case (no ASC). Results show that when
ASC was implemented on a 24m sprayer, field overlap was reduced by 9%, and when ASC was
implemented on a 16m planter with 16 rows and 16 sections controlled, the overlap reduction

was less than that of the sprayer (6% only). The reason is, implementation of ASC can result in
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greater reduction in overlapping if the machine width is greater. However, greater overlap
reduction does not necessarily ensure greater savings because input cost should also be
considered in calculating cost savings. These findings of Shockley et al (2012) were also
reflected in our study, where we found a greater overlap reduction when ASC was implemented
on a 120 feet wide sprayer than on a 24-row planter (60 feet wide). But, the savings were more in
case of the implementation of ASC on planter because seed cost is greater than chemical cost.
Shockley et al (2012) also found that the impact of field size on reducing overlap is more than
the impact of field shape. According to them, a smaller sized and irregularly shaped field
generates more overlap reduction. Also, the field which contains a greater number of obstacles is
worthier of being selected to implement ASC because ASC can reduce more overlapping area in
a field that contains a substantial number of obstacles.

Velandia et al (2013) conducted a study to identify the potential savings by reducing
overlapping areas inside 52 fields in Middle and West Tennessee farms when ASC is introduced.
According to them, the reduction in overlapping areas inside the field is virtually same for both
planter and sprayer. The only difference is that, farmers can save seed cost when ASC is installed
in a planter, whereas farmers can save chemical cost when ASC is installed in a sprayer by
avoiding double application of seed and chemicals in the areas previously planted. In this study,
Velandia et al (2013) also attributed the reduction of production cost of a field to the reduction of
the overlapping area of that field by saying that substantial seed cost could be saved if the
overlapping area could be reduced by adopting ASC in planters. Valendia et al (2013) collected
geo referenced data of 52 agricultural fields from Mid and West Tennessee area which totaled an
area of 700 ha. The field data were provided by eight Tennessee Producers. A Data acquisition

system was used to collect Real Time Kinematic (RTK) and GPS planting data. The geo
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referenced data were then imported into ArcGIS and routing path was created by drawing
parallel lines considering the same planter width (111.6 and 12.2 m) for each field. Centerlines
were created by creating a polyline shapefile in ArcGIS which were used as a realistic simulation
of the passes of the planter across the field. Planting boundaries of half a width of the planting
pass were created outside each planter pass. Overlapping areas were calculated by drawing
perpendicular lines creating manual polygons where the parallel lines passed across the end row.
The area of these polygons was calculated by using the geometric feature of ArcGIS and added
together to calculate the area of total overlapping area of a field. Again, the field parameters such
as field area, field perimeter, perimeter to area ratio, double-planted area, the percentage of the
double-planted area were calculated using the geometry feature of ArcGIS (v9.3, ESRI).
Velandia et al (2013) found a reduction in double-planted area ranging from 0.04% to 15.57%.
Using a partial budgeting technique, these field attributes were used in a regression equation to
estimate the changes in net revenue due to the elimination of overlapping area by adopting ASC.
Changes in net revenue generated from each field were used as dependent variable and field area,
perimeter, price of crops, number of fields in double-planted area category (low, medium, high),
percentage of over-lapping area that can be eliminated by ASC and the reduction in seed cost by
adopting ASC were used as independent variables. It was estimated that the changes in net return
were equivalent to changes in savings by adopting ASC. Velandia et al (2013) also suggested
that smaller sized and irregularly shaped fields have higher overlapping areas than large-sized
and rectangular shaped field and therefore, savings will be more in the fields with smaller area
and larger perimeter-to-area ratio (P/A ratio). These findings of Velandia et al (2013) clearly
indicates a negative relationship between savings and field area, and a positive relationship

between savings and field perimeter and P/A ratio.
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Craig et al (2013) describe ASC as a precision agricultural technology which promptly
utilizes satellite-based Global Positioning Systems to “automatically and precisely steer the
machinery”. Therefore, ASC can mark the areas of over application of chemicals inside the field
such as headland turns, point row, terraces, waterways etc. by shutting off the machine sections
as the machine approaches to the area previously covered. Craig et al (2013) conducted their
study over 553 fields (of total 49,095 acres) in Kentucky and calculated the overlapped area in
each field by using Guidance and Section Control Profit Calculator-Excel Version. They found
that controlling the sections of a sprayer automatically has a major impact on eliminating at least
some over-application of input materials, and the angle of approach of the machinery is a key
determinant of the quantity of over-application that can be eliminated. One major limitation of
Craig et al (2013) is that they estimated the impact of field size and shape on the reduction of
overlapped area and over-application of inputs in a field, but they did not consider the impact of
in-field navigable and non-navigable obstacles, which may otherwise produce a different output.
1.2.3. Economic Benefits of Automatic Section Control

The unique characteristic of ASC of shutting off the sections near the overlapped area of
a field results in substantial economic benefits. These findings have been supported by a lot of
previous studies. When ASC is installed in a planter, it can save a great deal of seed cost by
reducing the over-application (Velandia et al 2013; Shockley et al 2012). ASC can save a
substantial quantity of chemicals when installing in a sprayer which results not only in economic
gains but also in environmental benefits (Craig et al 2013; Shockley et al 2012). However, in
current study, only the economic benefits of ASC are considered. Environmental benefits of

ASC are excluded from the scope of this study. Therefore, only the previous studies are
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discussed in the following paragraphs where there are empirical analysis and well-evidenced
results of the economic benefits associated with ASC.

Batte and Ehsani (2006) determined the magnitude of the benefits that an auto-boom
control system imposes on a set of hypothetical fields in case of an agriculture sprayer. They
concluded that in a field with no water ways (non-navigable obstacle), ASC can save $4.36 to
$4.39 per hectare of input cost. The amount of savings becomes higher when non-navigable
obstacles (here, waterways) are included in the field. These savings range from $5.94 to $7.41
per hectare. However, the limitation of the analysis of Batte and Ehsani is that it calculates the
savings based on some hypothetical fields and arbitrary shapes of the fields such rectangular,
parallelogram and trapezoid. But in the real world, fields do not come in exact shapes that are
mentioned in this study. Current study overcomes this limitation by analyzing maps of real fields
of North Dakota Prairie Pothole region which gives a more realistic estimate regarding input cost
savings generated by ASC.

Mooney et al (2009) developed an economic framework for ascertaining the economic
benefits of variable rate application and targeted application of chemical inputs. Using a partial
budgeting technique, Mooney et al (2009) showed that targeted application of inputs by using
automated guidance and RTK can enhance the profitability of the farm by reducing application
cost of chemicals and the cost of equipment. Level of this savings reached 11% or above when
an agricultural sprayer is combined with ASC.

Fulton et al (2011)’s study conducted in Auburn showed that ASC can save 1% to 12%
(4.3% on average) seed costs by reducing the double-planted area in the fields. This amount of
input cost savings allows the farmer to recover the cost of investment in the installation of ASC

within 2 years. This study also showed that field parameters such as field size and field shape
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have a profound impact on savings. Furthermore, fields containing non-navigable obstacles such
as terraces and waterways generate more cost savings. This finding is commensurate with the
regression results of our study where it is shown that number of non-navigable obstacles has a
positive impact on input cost savings.

Shockley et al (2011) developed a whole-farm economic analysis model to ascertain the
economic benefits of ASC for Kentucky grain farmers. Shockley et al (2011) incorporated
economic framework of Kentucky corn and soybean producers under no-till conditions in a
resource allocation model and implemented the model under a mean-variance (E-V) quadratic
equation formulation. Results obtained from this study showed that installation of sub-meter auto
steer and auto guidance on the existing equipment resulted in an increase of 0.58% ($2.14/acre)
in expected net return of the farm. However, Shockley et al (2011) did not measure the cost
savings obtained from the reduction in overlapping area by applying ASC. Rather, this study put
more emphasis on the net return that the farm can achieve if technology such as auto guidance
system and sub meter auto steer are adopted along with the existing equipment.

Shockley et al (2012) adopted the whole-farm analysis model of Shockley et al (2011)
and conducted a more specific analysis of the input cost savings that could be achieved by the
implementation of ASC. This study also estimated the impact of field size, shape and
navigational scenario of a field on the profitability of a farm. Shockley et al (2012) opined that
the economic benefit stemmed from ASC is dependent on the input cost that is saved by adopting
ASC. Furthermore, Shockley et al (2013) suggested that input cost savings resulted from the
adoption of ASC are dependent not only on the overlap reduction but also on the cost of the
input. For instance, the reduction in overlap area was 6% in case of a planter and 9% in case of a

sprayer when ASC was adopted. But, chemical cost savings were less than seed cost savings
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since the cost of seeds was greater than the cost of chemicals. Shockley et al (2012) concluded
that in all scenarios, ASC could increase the net returns of a farm by $36/acre and adoption of
ASC produced greatest economic benefit when it was implemented on both planter and sprayer.
However, Shockley et al (2012) only considered four types of field size and shapes whereas, in
the real world, numerous shapes and sizes of fields can be observed. Current study overcomes
this limitation by considering the shape and size of each of the sample 105 fields separately and
estimating the parameters of each field on net input cost savings.

Smith et al (2013) estimated the impact of field size and shape on net input cost savings
by installing ASC on an agricultural sprayer. Using a partial budgeting approach, they showed in
their study that net benefits of ASC are more intensive in the irregularly shaped field and
adoption of ASC can bring at most 77.2% net return for farms by saving chemical costs. They
also estimated that smaller sized and irregularly shaped fields will generate more return on
investment if ASC is implemented.

Velandia et al (2013) estimated the potential losses that arise due to the overlapped areas
in 52 fields and divided the fields into three categories based on the overlapped areas they
contain. These categories are: low, moderate and high double-planted area. Velandia et al (2013)
estimated savings obtained by reduced overlapping areas by developing an analytical framework
with partial budgeting technique. Considering three crop-mix scenarios (cotton, cotton and corn,
corn and soybean) Velandia et al (2013) estimated the changes in savings due to the elimination
of double planted area in each of the field categories (low, moderate and high overlapping) by
developing an equation taking the savings variable as the dependent variable. Assuming seed
cost as double in the overlapped areas,Velandia et al (2013) showed that a reduction in

overlapping area ranging from 1.2% to 9% could save corn and cotton seed costs by $3 per ha to

22



$38 per ha depending on the size and shape of the fields. The seed cost savings in soybean fields
were less than those of corn fields since the seed cost of soybean is lower than seed cost of corn
(Velandia et al). In our study, the seed cost savings of corn is greater than savings in case of the
other three crops soybean, HRSW, and canola, and HRSW showed the least cost savings since
the seed price of corn is the highest and the seed price of HRSW is the lowest among the four
crops. Though Velandia et al (2013) developed an insightful economic model to estimate the
seed cost savings resulted from the reduction of overlapping area, they only discussed the impact
of the field parameters on the reduction of the overlapping area. The impact of field parameters
on savings obtained from a field is skipped from their study.

Current study not only estimates the overlapping area that could be reduced by adopting
ASC but also shows the respective input cost savings that resulted from the overlap reduction.
Unlike the previous studies, current study did not limit the analysis by showing the impact of
different field parameters on overlap reduction only. Rather, this study also estimates the impact
of field parameters, and the magnitude and direction of the impacts on net cost savings that can
be achieved by adopting ASC. Moreover, this study also includes a Discounted Net Present
Value analysis to ascertain the economic benefits that an ASC equipped row-crop planter and a

boom sprayer will bring for a farm throughout the machine’s useful life.
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CHAPTER 2. DATA
In this study, both map data and input price data set were used to calculate the

overlapping area in the sample fields of North Dakota Prairie Pothole Region. Data set on the
field parameters such as field area, field perimeter, perimeter-to-area ratio (P/A ratio), number,
and area of navigable and non-navigable obstacles inside the fields were prepared by using the
geometric tool of ArcMap (ArcGIS v10.5, ESRI).

2.1. Collection of Map Data

During the cropping season of 2014, the georeferenced map data of the fields were
obtained from North Dakota GIS Hub Data Portal. Imagery data was obtained from USDA-FSA-
APFO Aerial Photography 2003-GISPreview-Map of the fields. 8-12 fields were collected from
each county of ND, but for this study, 105 field maps of 15 counties of North Dakota Prairie
Pothole Region were used. All the map data were georeferenced to make them eligible for

further analysis. The ND counties which fall under the Prairie Pothole Region are shown in the

following figure:

Figure 5. Counties in ND Prairie Pothole Region
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Fields which are significantly different from each other in attributes such as arable area,
the presence of obstacles inside the field etc. were selected randomly. Fields that appeared to
include multiple crops and fields which are ploughed north-south or east-west directions,
contained natural obstructions like low lands, water, trees, and rocks were selected. The selection
was random. Any two fields with the same attribute were not selected. Fields included in the map
of a county were separated from the map of that county and separate maps were formed from
each field based on the field attributes. Figure 6 and figure 7 show a map of a county in the

Prairie Pothole Region and a field under that county respectively.
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Figure 6. A County in the ND Prairie Pothole Region with All of its Fields
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Burke County- Field 6
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Figure 7. Map of a Field in Burke County with All of Its Attributes

The attributes of the fields were assigned based on physical observation of county
images. Every attribute was given a unique number which was given arbitrarily. For example,99
for all rock attribute, 88 for all tree attributes etc. Similar number was assigned to a similar set of
attributes. For example, if 88 denotes for Low Lands, then all the low lands of all the fields will
be denoted with the similar number. The reason behind using this technique is, for the research
purpose sometimes it is needed to aggregate the number of obstacles or area of rocks, low lands
or structure or find the percentage of obstacles in each field. If a unique numerical identity is

given to each field attribute, it is easier to search it with that unique identification number.

Field parameters such as total area and perimeter of the cultivable land (here denoted as

arable land), headland, and all other navigable obstacles (low-lands) and non-navigable obstacles
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(water, non-agricultural lands, trees, and structures) were calculated using “calculate geometry
feature of ArcMap. A data set was prepared from the attributes of each field. These attributes
were used as dependent variables in the regression analysis discussed in the methodology
section.

2.2. Collection of Input Price Data

Estimated input costs per acre for the year 2017 were collected from ND crop budget
provided by NDSU extension. For this study, only the data on the cost of seeds, and the cost of
chemicals such as herbicides, insecticides, and fungicides were used. In some previous studies,
input cost of fertilizer was also used to calculate the input cost savings that the farms can achieve
by installing ASC in boom sprayers. But in current study, cost of fertilizer is not considered. The
main reason for not using fertilizer cost data in this study is, only a small portion of ND farmers
use the sprayer to apply fertilizer in the field. For corn and soybean, farmers apply fertilizer in
the form of coulter (digging soil, apply fertilizer and close the soil) and stream bar just to
enhance the quality of the crop, not the yield. For wheat, canola, and barley, use of sprayer is not
very effective since the row spacing is very low. Hence, the only costs that North Dakota farmers
can save from sprayer are the costs of herbicides, insecticides, and fungicides (Dr. Frayne Olson,
NDSU Extension Service Crop Economist/Marketing Specialist and Associate Professor of the
Department of Agribusiness and Applied Economics, NDSU). It is noteworthy that the data on
estimated input cost provided by ND crop budget (NDSU extension) is region-wise. That is, the
whole North Dakota is divided into 9 regions and each region has its own set of input prices. In
current study, same input prices are considered for the counties which fall in the same region.
For example, Eddy, Foster, and Griggs are three of the fifteen sample counties in our study. All

the three counties fall in the East Central region of North Dakota. Therefore, seed and chemical
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costs/acre are held as similar for all the fields which fall under the span of these counties. The

counties which fall in different North Dakota Budget region are shown in the following figure:

NDSU Crop Budget Regions

Figure 8. ND Crop Budget Regions with Counties inside Each Region
All the per acre seed and chemical costs were converted into per hectare costs by
multiplying the per acre cost by a factor 0.404686 since 1 acre = 0.404686 hectares. Only the
2017-dollar prices of inputs were considered to represent a more realistic measurement of cost

savings.
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CHAPTER 3. METHODOLOGY

Tendency of the farmers to save production cost stems from the rational behavior of the
producers to minimize the cost of production. Hence, the theoretical framework of this study is
based on the micro-economic theory of cost of production, especially the impact of technical
change on input costs.

Geometrical features of the field such as total arable area and total overlapping area of a
field and data on costs of seeds and chemicals were used to calculate the total savings and net
savings corresponding to each field. Method of calculating the cost of the implementation of
ASC in a 60-feet wide 24-row crop planter with 24 sections controlled and in a 120-feet wide
boom-sprayer with individual nozzle control was obtained from Shockley et al (2011).

The empirical analysis estimated a fixed-effect model with cross-sectional data, which
estimates the impact of independent field attributes and the regional dummies (the ND crop
budget regions) on net savings obtained from each field.

3.1. Theoretical Framework: Theory of Cost and Impact of Technical Change

The theoretical framework of this study was obtained from the book “Microeconomic
Theory: Basic Principles and Extensions” by Walter Nicholson and Christopher Snyder.
Nicholson and Snyder define the economic cost of production as “the cost of any input is given
by the size of the payment necessary to keep the resource in its present employment”. This
definition considers the opportunity costs of input along with the actual cost of them.

3.1.1. Economic Costs

Economic costs of production include labor costs and capital costs, where the labor costs

include the wages of the labor measured in labor-hours and capital costs include the cost of

materials and entrepreneurial and investment costs. If w denotes the rate of wages of labor, |
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denotes the current labor usage in production, v denotes the per unit cost of capital input, and k
denotes the total quantity of capital used during the production period, the total costs for the farm
during a period is given as,

total costs = C = wl + vk (3.1)

Where, | and k are the current input usage and represent labor and capital respectively.
Whereas, w and v are the per unit cost of input.

Though some scholars such as Dewett (2005) opines that the cost of production includes
both fixed and variable elements, these two types of elements of cost can be distinguished only
in the short run. In the very long run, there is no existence of fixed costs and all the costs become
variable (Dewett, 2005). As a result, equation (1) shows only the variable elements of total costs.

Equation (1) shows that total costs are primarily divided into two parts: cost of labor and
cost of capital. In our study, labor units are assumed to be unchanged, that is, farms are not
supposed to make a change in the existing quantity of labor. For the capital part of equation (1),
the total cost of acquiring capital input includes the cost of materials needed for production (here,
seed and chemical) and the entrepreneurial and investment costs (here, cost of investing in ASC).
Cost of investment in ASC further includes the annualized cost of acquiring the machinery,
opportunity cost of capital or the interest cost, and maintenance cost of the machine. If s denotes
the per unit seed cost, ch denotes the per unit chemical cost, r represents the opportunity cost of
capital, d represents the rate of depreciation, m represents the unit maintenance cost of the
machinery, and | denotes the total annualized cost of investment in machinery, equation 1 can be

expanded as,

total costs =C =wl+ (s+ch+r+d+m+ 0Dk (3.2)
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3.1.2. Minimizing Economic Cost
To minimize the cost of production, a farm must choose to produce that level of
output at which the rate of technical substitution of the quantity of labor () for the quantity of
capital (k) is equal to the ratio of the per unit cost of labor (w) and the per unit cost of capital (k).
Mathematically, to minimize the total costs given the production function g =

f(k, 1) = qy, first a Lagrangian expression needs to be set like the following,

L=wl+vk+Aq,— (kD] (3.3)

The first-order conditions for a constrained minimum are,

oL _ 6_f _

ETR w ol 0, (34)
oL . a_f _

a =V Aak = O, (35)
oL

%= o= flkD) =0 (3.6)

Dividing the first two equations (dividing w by v) we have,

w _ af/al _
iyl RTS (I for k). (3.7)

This means that to minimize the cost, a farm should equate the RTS for the inputs with

their price ratio.

3.1.3. Impact of Technical Improvement in the Downward Shifting of Cost
When input prices remain constant, technical improvement shifts total costs downward,
that is, the farm can produce a given level of output with fewer inputs. In this way, the

introduction of modern technology in production process allows the farm to save input costs.
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The total cost function before the technological improvement enters the process is given
by,
Co = Co(s,ch,r,d,m,I,w,q) = qCy(s,ch,r,d,m,I,w,q,w, 1) (3.8)
Where, C, represents the total cost in the base case when advanced technology is not

introduced.

Suppose, an innovative technology enters the production process. In this case, the same
inputs will produce an increased quantity of output A; at period t. Hence the cost function

becomes,

Ct(s, ch,r,d,m,I,w, q,W,A(t)) = A(t)C.(s,ch,r,d,m,I,w,q,w,1)
= Co(s,ch,r,d,m,1,w,q,w,1l) (3.9

Therefore, the total cost function after the introduction of technology becomes,

Ci(s,ch,r,d,m,I,w,q,w,q) = qC:(s,ch,r,d,m,I,w,q,w,I)

B qCo(s,ch,r,d,m,I,w,q,w,l)
- A(D)

__ Co(s,ch,r,dmlw,qw,q)
- A (310

Hence, it is proved theoretically that if the improved technology is introduced, cost of
inputs of production fall over time. It is noteworthy that, current study does not consider the
increased quantity of production of crops that can be achieved by the improvement in
technology. Rather, this study considers the quantity of overlapping area that can be reduced by
introducing ASC in the farming process. The more the reduction in overlap area, the more the
reduction in production cost. Therefore, g denotes the quantity of overlap reduction that can be