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The price of GPS (Global Positioning Satellite) guid-
ance system technology continues to decline as its
capabilities increase. Many farmers question if or when
they should invest in this technology. The major advan-
tage of using GPS is input savings from more precise
field application of seed, fertilizers, chemicals, fuel,
and labor, as well as increased benefits to the farm
production process (extended working time, reduced
fatigue, etc.). GPS guidance systems vary in their capa-
bility, precision, and costs and, therefore, provide vary-
ing levels of input savings. The process of evaluating
an investment in any new technology is straightforward
and centers on comparing annual costs to annual ben-
efits. If the benefits are greater than the costs, then it’s
time to invest in the new technology. Some benefits
and costs are easily measured, while others must be
evaluated by the business mangers based on their own
experiences. The purpose of this publication is to pro-
vide an example of the procedures a farmer could use
to determine if GPS guidance system technology is a
wise investment. It is structured around understanding:
I) how to determine costs, 2) how to measure savings
and benefits, 3) how to annualize costs and savings, 4)
what the results mean to a farm business, and 5) sensi-
tivity analysis.

Introduction: GPS Guidance Systems applications
provide a means to precisely apply pesticides, lime, fer-
tilizers, and track wide planters and drills. GPS naviga-
tion tools can replace foam and planter disk markers
for making parallel swaths across a field. Navigation
systems help operators reduce skips and overlaps, espe-
cially when relying on visual estimation of swath dis-
tance and/or counting rows. A GPS system gives the
current location of the implement, and past traffic pat-
terns, providing direction to maintain proper swath
width to match adjacent traffic paths. So if an opera-
tor leaves the field to refill the applicator or is forced

out of the field due to weather, the operator can resume
and maintain accurate swath widths and eliminate over-
spraying on previous areas. For more detail concerning
GPS technology, see Precision Farming Tools: GPS
Navigation, Virginia Cooperative Extension Publica-
tion 442-501 at http://pubs.ext.vt.edu/442-501/.

Investment Costs: A guidance system ranges in price
from less than $2,000 for a light bar navigation system
with an accuracy of approximately one foot to $40,000
or more for autopilot systems with 1-inch accuracy
(Table 1). In between are mechanical steering systems
that can be moved between tractors or self-propelled
equipment and trucks equipped with the necessary
equipment that require investments of approximately
$6,500. For purposes of this publication, the $6,500
mechanical steering system will serve as an example to
illustrate the basic concepts needed to make an invest-
ment decision.

Estimating Costs: We will now leave the world of cer-
tainty (purchase price), and begin by making three gen-
eral assumptions to analyze the $6,500 purchase. First,
for any asset that has a useful life greater than one year,
we need to make an assumption about how long this
asset will last before it is obsolete or worn out. This
becomes critical with new technology, as was shown
with microcomputers and software in the 1990s. Dur-
ing the early years of microcomputer adoption, a new
microcomputer with current software was usually obso-
lete within two years and needed to be replaced, even
though the hardware was still functional. Jump ahead
to today — microcomputers and their software technol-
ogy are replaced when they fail or wear out, just like
other capital assets. For this example, we will assume
a useful life of 5 years, with a cautionary note that less
costly and improved newer technology may make your
guidance system obsolete in two to three years.
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Table 1. A partial listing of GPS guidance systems and prices

Entry-Level Guidance System - 1-foot accuracy

Estimated Price

Color screen light-bar systems, remote keypad, and WAAS' corrected yields
approximate 1-foot accuracy

$1,895

Entry-Level Guidance System - 3-inch accuracy

Color screen light-bar systems, remote keypad, and beacon-correction yields
approximate 3-inch accuracy

$5,000

Mechanical Steering Systems - 3-inch accuracy

Mechanical steering system, plus 2 brackets, color screen navigation sys-
tem, and beacon-corrected yields approximate 3-inch accuracy

$6,500

Entry-Level Auto Pilot systems - 1-inch accuracy

Auto pilot system, color screen, and RTK? farm station yields approximate

$40,000

1-inch accuracy

"Wide Area Augmentation System (WAAS) is a system of satellites and ground stations that provide GPS signal corrections

(www8.garmin.com/aboutGPS/waas.html).

2Real Time Kinematic signal corrections are provided by a farm station GPS signal
(www.trimble.com/pdf/AG_RTK%20BSNetworks_WP_0806.pdf).

Second, what are the opportunity costs of investing in
the guidance system? By definition, opportunity cost is
the net income given up by choosing to invest in a guid-
ance system rather than, for example, a brush hog. The
main point is that you recognize that investing capital
comes with a cost, regardless of the financing source
(owned and/or borrowed capital). The opportunity cost
of capital is usually expressed as an interest rate and
should reflect a similar level of risk, for example, a sav-
ings bond may pay a rate of 3 percent versus estimated
long-term returns from a stock portfolio of 12 percent.
Alternatively, if you know your farm’s return on assets,
then this would be a good choice. For this example, we
will use 10 percent reflecting higher opportunity costs
and uncertain benefits to an individual farm from a
GPS system.

Third, what assumptions must be made to estimate
repair, maintenance, and software upgrades of the
guidance system? Currently there are no industry stan-
dards for repair, maintenance, and upgrade costs that
individual farm operators can use to estimate annual
costs. Furthermore, software and firmware (a device
with embedded software) updates depend on a compa-
ny’s policy, and upgrades may be free or come at a cost.
Your current system may become obsolete if the com-
pany produces new equipment or software, and repairs
to the current system may be unavailable at any cost.
Thus, if the equipment fails, the whole system must be
replaced. For this example, repair costs are estimated
as 10 percent of the original purchase price, and are

spread over the life of the asset. An alternative assump-
tion could be to shorten the useful life of the asset to
the equipment warranty period, assume no repair costs,
and replace the entire system at that time.

Savings and Benefits: Balancing the annualized costs
are the input savings (seed, fertilizer, pesticides, herbi-
cides, and machinery fuel and repairs). Studies indicate
that input savings range from 2 percent to 7 percent.
The savings will also vary within a farm, depending on
field and equipment size and the level of inputs used.
For example, no-till corn requires only two passes, one
for burn-down herbicides and the second to plant and
apply fertilizer, while a conventionally tilled vegetable
crop requires multiple passes for spraying and culti-
vating. The higher the costs of inputs (such as petro-
chemicals and fuel), the faster savings will accrue to
the guidance system. For this example, savings of out-
of-pocket expenses will be estimated over a range from
2 percent to 7 percent.

Field size and shape need to be considered for this invest-
ment. Common sense tells us that large fields provide
for more efficient machinery operations, while small or
oddly shaped fields increase machinery time. Even the
simplest guidance systems can increase efficiency by
recording each pass and guiding the driver to minimize
overlaps and skips. Incorporating guidance systems and
application controls on planters and sprayers (individ-
ual controls of nozzles and planters) can further reduce
costs and improve efficiency on oddly shaped fields by



sequentially turning off and on an individual nozzle or
planter. Farmers that recognize that they have problems
making the trade-offs between skips and overlaps with
their current equipment and field shape/size should see
more than an average saving on out-of-pocket expenses.
Thus, instead of using an average savings of 4 percent
consider 5 percent to 6 percent in your analysis.

The final item to consider is labor, which provides some
challenges because many farmers have a mixture of
family and hired labor (sometimes only family labor).
This is further complicated since many farmers operate
as a sole proprietor for tax purposes, and their labor and
possibly a spouse’s labor are a residual claim (what’s
left over after paying all cash expenses and debt pay-
ments) on the net returns from the farm business. This
residual claim is often considered the family living
draw and makes estimating a per hour value of labor
very difficult. Furthermore, family labor (sometimes
all labor) tends to be more like a fixed cost, in that the
total cost of labor does not change much within a year.
But labor can be reallocated from a lower priority to a
more important task, thus any labor saved from use of
a guidance system can be made available to a higher
priority task. For example, timelier field operations may
lead to higher yields and/or quality crops, more time for
machinery maintenance and less downtime, expanded
crop acreage, more time to market commodities, more
time to attend a child’s baseball game, more time to
take a nap, and so on. So the savings in labor must be
based on the opportunity costs of attending a child’s
ball game or the higher yields from timelier planting.

However, if your farm uses wage labor, then the labor
wage rate plus any added costs (employer’s Social Secu-
rity contribution and others) should be used as the value
of the time saved. Bottom-line, labor saved due to the
guidance system can be valued in numerous ways, and
estimating the value of labor savings is farm-specific
and should be valued by each manager. Because labor
savings are so farm-specific, this example does not
value estimated labor savings.

Annualized Costs: Annualizing all costs is the next
step in determining if investing in a guidance system
will improve the bottom line. Table 2 summarizes in
numbers the verbal discussion from the sections above.
Line 1 is the total investment being considered in our
example — the $6,500 for mechanical steering and guid-
ance systems. We next enter a salvage value in Line 2.
Estimating a salvage value for an asset is difficult (as
discussed above). For this example, we will assume that
the guidance system will become obsolete at the end of
its useful life and have no salvage value.

If you choose to enter a salvage value, then line 1 less
line 2 yields the value to be recovered over the life of
the asset, which is entered on Line 3. On Line 4, we
enter the interest rate or opportunity costs for capital
invested in the farm business, for this example it is 10
percent. On Line 5, we enter the useful life of the asset
being evaluated, for this example, five years. On Line 6,
we enter the capital recovery factor based on the esti-
mated life of the asset in years (n) and interest rate (i) by
looking up the value in the Appendix or by calculating

Table 2. Total annual costs - GPS mechanical steering system

1 | Initial investment $ $6,500
2 | Salvage value $ $0

3 | Amount to be recovered (Line 1 —Line 2) $ $6,500
4 | Interest rate (i) 041

5 | Estimated life of the asset in years (n) 5

6 | Capital recovery factor' 0.26380
7 | Annual recovery amount (Line 6 x Line 3) = $1,715
8 | Annual repair costs - 10% of new over life of the asset $130
9 | Annual subscription fee $0
10 | Total annual costs (Lines 7 + 8 +9) $1,845

Capital Recover = W

Where: i = annual interest rate and n = life of the asset in years.
See the Appendix for a table of factors.

'The Virginia Cooperative Extension crop enterprise budgets can be found at www.extension.agecon.vt.edulenterprise%20budgets.html.



the value using the equation at the bottom of Table 2.
On Line 7, we enter the product of Line 6 times Line
3, the annual charge for the guidance system, in this
example, $1,715.

The capital recovery method assumes that at the end
of five years, the five annual payments of $1,715 will
provide sufficient capital to replace the guidance sys-
tem with comparable/updated technology (equivalent
technology at the time of replacement). On Line 8,
we record the estimated annual repair costs. For this
example, we based the estimates on 10 percent of the
purchase price over the life of the asset or $130 per
year. On line 9, we enter any subscription fees (for our
example, with the use of beacon-corrected accuracy,
there are no additional fees). However, if considering
higher accuracy systems, such as a real-time kinematic
(RTK) farm station, enter all annual fees and the cost
of service calls. Sum up Lines 7, 8, and 9 and enter the
total on Line 10 (in this example, $1,845). This is the
annualized cost of owning and operating a color screen
navigation system with beacon-corrected mechanical
steering systems with estimated 3-inch accuracy.

Estimating the Benefits: There are two major ways to
estimate benefits or savings from more accurate field
operations: 1) case studies comparing costs and ben-
efits of a specific farm, detailing the cropping system,
machinery size, and number of passes and all applied
benefits, and 2) partial budgeting to analyze replace-
ment of an existing technology (foam markers). The

approach illustrated in this bulletin starts from the
assumption that farm operations use different cropping
systems and rotations, and that input costs vary greatly
between and within farms based on the cropping sys-
tem. To address this concern, the analysis will focus on
the input costs for each crop and the proportion of crops
grown (Table 3). A farmer could collect the informa-
tion illustrated in Table 3 from historical expenses or
projected expenses for the next crop year. The difficult
estimate is the allocation of machinery fuel and repair
costs! (spraying, planting, tillage, bedding, and so on)
to each crop.

Table 3 is based on the proportion of crop acres from the
National Agricultural Statistics Service (NASS) Central
Virginia Crop Reporting District, and the expenses are
drawn from the 2007 Virginia Cooperative Extension
Crop Budgets. A farmer could use the same methods
based on the acreage of crops grown on his/her farm,
making sure that the proportions total 100 percent. The
$172 expense for corn (Table 3) is then multiplied by
0.28 (corn makes up 28 percent of the total crop acre-
age in Central Virginia). This method is repeated for all
crops and yields, generating a weighted per-acre cost
of $154.

The next step is to estimate the percentage of these
costs saved from use of the GPS navigation mechanical
steering system. The range of savings reported varies
from 2 percent to 7 percent with an average savings of
5 percent. Three estimates of savings are reported in

Table 3. Typical costs for a Central Virginia farm using a navigation system for planting and

spraying
Chemicals . Proportion | Average farm
& Fertilizers| Seed $ Machinery pre-|  Labor | Total of farm |costs per acre
harvest costs $| Costs $ $ ]
$ acreage $
Corn 130 30 12 N/A 172 0.28 48
Corn Silage 232 30 12 N/A 274 0.15 41
Wheat 120 25 10 N/A 155 0.17 26
Soybeans 60 25 10 N/A 95 0.4 38
Total 1 154
2% costs savings $ per acre 3.07
5% costs savings $ per acre 7.68
7% costs saving $ per acre 10.75

'Based on crops in the NASS Central Virginia crop reporting district



Table 3 (2 percent, 5 percent, and 7 percent) and at a 2
percent savings a farmer would net $3.07/acre, at 5 per-
cent $7.68 per acre, and at 7 percent, $10.75/acre.

The final step is to determine the breakeven acreage
based on this range of savings. At the 2 percent rate,
the annualized costs ($1,845) are divided by $3.07/acre
yielding a breakeven acreage of 600 acres, at which a
farmer should be indifferent between using the new
technology and continuing current practices. Figure
1 illustrates the breakeven acreage over the range of
1 percent to 7 percent savings. At 1 percent, a farmer
must have 1,200 acres or more to make the investment
worth while, and at the high end of 7 percent only 172
acres. Remember that labor is not included! Labor sav-
ings may be important on a farm where labor is stressed
to get all planting and spraying operations completed on
time. Thus, a farmer should estimate additional savings
and adjust the acreage accordingly.

The final decision to invest in the $6,500 GPS naviga-
tion system is a balance between the costs as detailed
above and the estimated benefits from input savings
and improvement in labor efficiencies. Thus, another
farmer with similar cropping practices and costs and
farming, say 800 acres, would benefit from this invest-
ment. A farmer with fewer than 200 acres would not
benefit. Between these two points, there is a judgment
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call based on personal knowledge of the farm and man-
agement system in place.

Sensitivity analysis

e Figure 2 traces out the breakeven acreages when
the life of the investment is shortened to 2.5 years.
At a 5 percent (estimated average savings) saving, a
farmer must crop more than 443 acres to break even
on this investment.

e Figure 3 traces out the breakeven acreages for a
farm with a 50:50 mix of corn and soybeans and an
asset useful life of five years. At a 5 percent saving,
a farmer must crop more than 276 acres to break
even on this investment.

e Figure 4 (see Table 4) includes an assumption of
labor savings — on average about 0.75 hour per acre
of labor is required for planting, spraying, and fertil-
izing a typical row crop. Valuing labor at $15/hour
yields an average labor cost of $11.25 per acre. Using
an average of 5 percent savings would yield a $0.56
per acre savings and reduce the breakeven acreage
by 16 acres — comparing Figure 1 (240 acres) with
no labor savings to Figure 4 (224 acres) at a 5 per-
cent savings.
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Figure 1: Breakeven acreage under the assumptions in Table 2 and 3.
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Figure 2: Breakeven acreage under the assumptions in Tables 2 and 3 and a shortened
asset life (5 years to 2.5 years).
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Figure 3: Breakeven acreage under the assumptions in Tables 2 and 3 and a 50:50 mix of corn
grain and soybeans acreage.
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Figure 4: Breakeven acreage under the assumptions in Tables 2 and 4 with labor costs sav-
ings included.

Table 4. Typical costs for a Central Virginia farm using a navigation system for planting and

spraying

Chemicals Machinerv ore-| Labor | Total Proportion| Average farm
& Fertilizers | Seed $ yp of farm | costs per acre
harvest costs $| Costs $ $ .
$ acreage $

Corn 130 30 12 11.25 183 0.28 51
Corn Silage 232 30 12 11.25 285 0.15 43
Wheat 120 25 10 11.25 166 0.17 28
Soybeans 60 25 10 11.25 106 0.4 43
Total 1 165
2% costs savings $ per acre 3.30
5% costs savings $ per acre 8.24
7% costs saving $ per acre 11.54

'Based on crops in the NASS Central Virginia crop reporting district




Summary: Investments in technology must generate
direct cost savings, provide additional revenues, and/
or increase benefits to the farm production process to
be a sound investment. The above examples illustrate
how you can, based on your own records, determine if
a guidance system can save enough to justify the invest-
ment. The additional information listed below is for use
with the form in the Appendix.

e A cautionary point — If your farm is less cost effi-
cient, i.e., excessive inputs of fertilizers and pesti-
cides, the greater the benefit from a guidance system.
Therefore, make sure all inputs are efficiently used
before using your historical data to make this new
investment!

e Custom operators — if you hire a custom opera-
tor who uses a guidance system, then there may
be limited efficiency savings from purchasing a
GPS system for your farm. Reduced inputs are the
major advantage of the technology and are already
captured by the custom operator, and some of that
savings may be passed on to you. The question still
remains about how much time can be saved from
reduced scheduling conflicts and timelier applica-
tions. Farmers who own their own equipment have
the freedom to move the guidance system among
such equipment as planters, sprayers, and fertilizer
and manure spreaders.

e Farms with high-value crops requiring multiple
trips, applications, bedding, and/or installation of
plastic mulch and drip irrigation (e.g., peanuts, veg-
etables, cotton, and/or organic crops) will have lower
breakeven acreage based on direct input savings.

The key to making this decision is to accurately esti-
mate the level of saving on inputs needed to pay for the
guidance system!

Reference

2007 Virginia Farm Business Management Crop
Budget, Virginia Cooperative Extension publication
446-047 www.extension.agecon.vt.edu/enterprise%20
budgets.html.

National Agricultural Statistical Bulletin, Various
issues www.nass.usda.gov/Statistics_by_State/Vir-
ginia/index.asp#.html.

Precision Farming Tools: GPS Navigation, Virginia
Cooperative Extension publication 442-501 http://pubs.
ext.vt.edu/442-501/

Appendix

Estimating Breakeven Acreages for GPS Guidance Sys-
tems. (Excel format/online format)
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