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CAN PRECISION
AGRICULTURE BE PROFITABLE?
After eight
Precision Ag Corner
columns reviewing the
different tools for precision
agriculture (PA) taking part
in the different stages of
the PA cycle, it is time to
assess its profitability.
Is it worth investing in all
the technologies described
in the previous issues?
Is it profitable investing in
the training and education
required to understand and
manage PA solutions?
Jaume Arnó,
José A. Martínez-Casasnovas
and Alexandre Escolà
from the Research Group
on AgroICT & Precision
Agriculture (GRAP)
of the University of
Lleida-Agrotecnio Center
will provide clues to
answer these questions.

COSTS AND BENEFITS OF PA:
A MATTER OF BALANCE
How much does it cost to adopt
precision agriculture? The answer
is not easy. As a first idea, the cost
could be between 3 € and 15
€/hectare (ha) for very simple PA
techniques, adding up to almost
40 €/ha for more advanced solutions. These data are taken from
Australian examples and should
be revised for each particular
case. However, these are very general figures. The key question is to
analyse whether it is worth adopting PA, considering the broader
notion of whole-farm economics.
Probably yes, in some cases, in
others maybe not.
To address this issue, starting with
an economic balance between
costs and returns is a simple way
to get information and support
decision-making. However, apart
from strictly financial considera-

tions, there are other aspects that,
being more difficult to assess
long-term, are also very important
for the sustainability of farms. We
refer to the positive impacts of PA
on the environment, on the operational logistics of the farm, and
even on putting the work of farmers in social value. Therefore, in
addition to economic benefits in
the balance sheet account, other
relevant issues should be taken
into consideration before deciding
whether to invest in PA.
Such a full analysis is difficult to
perform because it is not so easy
to assign an economic value (in
euros or dollars) to the advantages and impacts mentioned
above. To give an example, how
reductions in off-site contamination from pesticides should be
quantified by the fact of using PA
technologies with improved accuracy of input delivery? Or, what

economic value should be
assigned to automated navigation
and its influence on reducing driver fatigue, thus allowing higher
quality field operations to be
achieved?
For the reasons stated, many
times deciding to invest in PA is
not just a simple matter of costs
and returns. Taking a similar
example to that shown by the
Precision Agriculture Laboratory
at the University of Sydney, consider the purchase of a mobile
phone. Currently, users can
choose two types of smartphones:
mid-range and high-end. While
the first is medium-priced, the latter may be two to three times
more expensive. Mid-range smartphones have enough memory to
store data and multimedia files,
good screen quality, multimegapixel cameras and GNSS
tracking features. High-end

Figure 1. LAI classified map according to two classes (low LAI and high LAI) in a vineyard plot.
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phones have all this in addition to
larger HD screens, processors that
are more powerful, more memory,
and even rear and front cameras
for higher quality photos. So, the
decision to invest in these more
expensive smartphones is not
guided only by the need, but
rather by various aspects such as
high-tech goals, personal satisfaction, and risk and financial status.
Something similar happens in PA
investments. Since there are different technological levels and
different ways of doing PA, farmers must opt for those technologies that best suit their farms. PA
applications that can work in a
specific farm may not be the most
appropriate for another farm.

Following the previous example,
there are farms where investment
in a “mid-range” PA is enough
and fits as expected, and other
farms with larger size and more
technological production systems
allow “high-end” PA investment
to be an economically viable
option. Certainly, needs in PA are
rather farm-specific. Starting with
an economic analysis is the first
thing the farmer wants and, for
this reason, assessing PA investment outcomes through a financial balance sheet is often a good
option to start with.
When considering the opportunity
to adopt PA, economic analysis
should first focus on possible
reductions of inputs (fertilizers,

plant protection products, seeds)
derived from the use of PA technologies. That is, additional investment costs in PA should be compensated (if possible, in the short
term) by greater benefits by
reducing inputs and field application costs. When an input reduction is not possible due to the
redistribution of inputs in the
field, a production and/or a quality increase is to be expected. To
account for all this in economic
terms, a balance sheet approach
provides a reliable method to
assess PA investment outcomes.
In fact, farmers only need to estimate reliably what the costs and
benefits are.
Although there are many PA oper-

Figure 2. A real case of profit map that shows the gross benefit of applying variable-rate fertilizers.
A: Apparent electrical conductivity map; B: NDVI map of previous maize crop; C: Proposed site-specific
fertilizer zones and derived costs; D: Yield map as resulting of the variable rate application; E: Gross
benefit map resulting of the subtraction of the variable fertilization cost to the variable income map
(yield x price of maize grain).

ations that can lead to economic
benefits, two areas are attracting
the greatest attention of farmers.
First, many farmers are successfully adopting vehicle navigation
aids (auto steer and guidance)
based on global navigation satellite systems (GNSS), aware that
reduction of inputs requires making field applications (even uniform dose rates for the entire
plot) as efficiently as possible.
Vehicle trafficking is so accurate
by using these navigation systems
that allow savings in inputs to be
obtained by reducing overlapped
or doubly treated areas. Likewise,
untreated areas are avoided (contributing to improve yield and
reducing fuel consumption due to
additional treatments), and traceability is also recorded and georeferenced for subsequent management decisions. Secondly,
farmers should value investing in
such guidance systems and other
variable-rate application technologies (VRT) to manage crop
variability within their plots or
farms. In this case, site-specific
crop management (SSCM) is the
most effective way to optimize
inputs and increase production
incomes.
To help in the decision-making,
either one case or another, a simple spreadsheet (easily created or
available from a number of
sources) should allow the balance
to be obtained, considering costs
and benefits on a per hectare
basis. So, what makes economic
analysis difficult? Well, very simple. The difficulty lies in quantifying costs and benefits that ultimately depend on the management of the variability for each
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particular farm. To have an economic idea of their magnitude,
Table 1 provides estimated costs
of the components and information needed for PA technologies
(2018 prices). Prices are variable,
depending on equipment and
type of services, so farmers should
contact their service providers to
find out more adjusted prices to
their
production
systems.
Concerning contracts, prices usually vary according to the area
(hectares) of the farm. Moreover,
remote image costs depend not
only on the hectares but sometimes also on the number of
flights contracted. According to
the crop type, mapping and interpretation of remote images can
suppose an extra cost of 5 € to
10 €/ha in tree crops compared
to arable crops.

can use available economic information to decide on i) the guidance system to use, and ii) the
advantage of variable-rate spray
application.
Is an auto steer system convenient for me? Or is a simpler guidance system enough? From the
economic point of view, choosing
between one system and another
is a simple matter of price and

hectares. It is known that application overlap using conventional
marking tools can reach values of
10% of doubly treated areas
within the plot. Comparatively,
the use of navigation systems can
significantly reduce these figures
to 2% (guidance) and 1% (auto
steer). In this way, the impact on
the benefit should be initially
sought in the saving of inputs

Table 1. Estimated investment costs and service contracts
for PA technologies

DIFFERENT RETURNS OF
INVESTMENT IN PA
As mentioned before, benefits
from PA adoption will vary from
one farm to another. Farms are
different in dimension (hectares)
and in productive structure (crop
and market orientation) and, for
this reason, expected benefits of
using SSCM are, by nature, farmspecific in addition to field-specific. Since within-field variability
refers to a more manageable spatial scale, many times PA opportunity is assessed on an individual
plot basis. Let's see how farmers
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Cost
Vehicle navigation aids
Assistance system for guidance
Auto steer
Terrestrial or proximal monitoring
Yield monitor (cereal crops)
Harvesting (cereal)
(contract price: combine + mapping)
Proximal crop/weed reflectance sensors
(one unit)
Soil ECa survey (contract price)
Soil sampling and analysis
Remote sensing
Satellite imagery (3 m/pixel)
Airborne aerial imagery
UAV images
Variable-rate application (VRT)
Sowing (contract price)
(conventional sowing + VRT)
No-till farming (contract price)
(sowing + VRT)
Variable fertilizer application (contract price)
Variable spray application (contract price)
Consultant/analyst
Consultancy services for the whole season

Lifespan
(years)

5,750 to 8,250 €
9,050 to 15,000 €

7
7

12,200 €
70 to 80 + 5 €/ha

7
1

4,050 €

7

12.1 to 14.5 €/ha
52 €/sample

3
3

2.4 to 6 €/ha/year* 1
5 to 10 €/ha/flight 1
20 €/ha/flight
1
45 + 10 €/ha

1

55 + 10 €/ha
10 to 13 €/ha**
10 to 13 €/ha**

1
1

10 to 35 €/ha

1

* 2.4 €/ha/year for farmers with more than 5,000 ha.
** This price does not include the cost of the consultant to prepare a prescription map.

these systems can achieve.
According to the data in Table 1,
an assistance system for guidance
costs (the simplest) 5,750 €
assuming seven years of potential
use. Thus, a cost of approximately
820 €/year should be accounted.
Farmers who opt for a more accurate system (of about 15,000 €,
the most expensive) increase the
annual cost up to 2,150 €/year.
Assuming a fertilization cost of
about 50 €/ha (spreader plus fertilizer), the overlapping cost of
conventional systems (10% overlap) is 5 €/ha/year. This cost
becomes 1 €/ha/year and 0.5
€/ha/year for assisted and automatic navigation, respectively. The
formula below allows the number
of hectares required of work
(break-even) to be computed for
both systems N = CVNA/(5-CU)
where N is the number of
hectares that compensate for the
acquisition of the guidance system, and VNA as subindeces is the
amortization cost of the vehicle
navigation aid in €/year. In the
formula, 1 or 0.5 will be used as
unit costs (CU) depending on the
system to be acquired (1 for guidance assistance and 0.5 for auto
steer). Using the above values, the
guidance system is profitable if,
at least, 205 ha can be accumulated in a year. On the other hand,
475 ha are necessary for farmers
who want to use more complex
and precise auto steer systems.
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This economic balance should be
taken as a guide. However, farmers are aware these systems
report other benefits. Apart from a
decrease in input usage, other relevant aspects are improved such
as fuel consumption, work rate
and operational timeliness, as
well as driver fatigue.
The second example refers to the
use of map-based VRTs for pesticide applications. Figure 1 shows
a vineyard plot where two different LAI classes (low and high)
were previously delimited using a
mobile terrestrial laser scanner or
any other suitable technique.
Pesticide application can then be
performed using two different
volume rates according to LAI
classes. In theory, using two
volume rates that best fit the
classes can reduce pesticide use
and increase profits by not wasting this input, apart from reducing
potential contamination risks.

Table 2 shows a comparison of
two application strategies: (A)
using a standard uniform dose
rate, and (B) using two different
dose rates optimized according to
LAI classes. In the first method
(A), a volume rate of 400 l/ha was
adopted as this is the rate typically applied by wine growers in the
study area. In the second method
(B), LAI representative values of
each class were used to set the
corresponding volume rates. By
dividing the plot into two classes,
pesticide savings reached a
value of 14.1% (Table 1) and,
consequently, this latter strategy
managed to improve the amount
of water and pesticide compared
to the dosage traditionally used
in conventional applications
(400 l/ha). But, apart from this
saving, map-based application
allowed the dose rates to be now
conveniently allocated considering the optimal volume rate

adjustment for the specific needs
(vigour) of each class. The environmental advantage is also evident in that overdosing and pesticide drift are reduced, especially
in the low LAI class (low vigour).
Variable-rate herbicide application for chemical weed control is
another area of special interest to
increase profits. Weeds usually
only cover a small area within the
plot (usually below 15-20%.
Therefore, real-time sensor-based
technologies that manage to
identify weed locations for an
on/off application are being
increasingly adopted to reduce
the use of herbicides. In other
words, it is expected farmers will
gradually replace blanket uniform
dose rate applications by sitepecific applications. Studies on
the application of herbicides
using proximal reflectance sensors point to reductions up to
80% in this input.

PROFITABILITY MAPS TO ASSESS
PA ECONOMIC IMPACTS
As we have seen in previous
Precision Ag Corner columns, yield
maps can be easily generated
after data collection by a yield
monitor. These, together with
other maps showing the spatial
variability of soil properties and/or
vigour along the crop cycle, can
be used to manage the withinfield variability accordingly by
applying PA solutions (e.g. variable rate application of fertilizers).
These maps are very useful in
decision making, but at the end,
farmers want to see the profit or
economic benefit of investing in
PA-based decisions, either by
investment in own technology or
by contracting PA services. This is
possible by transforming the yield
data to another economic metric
such as gross revenue or profit
maps. That is, profit maps allow
the gross economic benefit of
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applying differential management
to be known in each point of the
field in comparison to uniform
management. For that, it is necessary to transform the yield map to
an income map, according to the
price of the product (e.g. maize
grain). Variable-rate applications
of inputs have to be transformed
to variable cost maps and fixed
costs to uniform cost maps for the
entire field. Then, the difference
between the income map and the
cost maps will result in the gross
benefit map. Next, let’s look at a
real case that will lead us to verify
the possible economic benefits of
applying precision agriculture
concepts and techniques.
Figure 2 shows a 100-ha field in
which the spatial variability of
crop vigour (maize) observed in
previous years led the farmer to
adopt the variable application of

fertilizers in the next campaign.
For that, the farmer contacted a
technical service that measured
and mapped the spatial variability
of soils (Figure 2.A) by means of
an apparent electrical conductivity
(ECa) surveyor (Veris 3100, Veris
Technologies, Salina, KS) and
monitored the previous crop
vigour with Sentinel-2 multispectral images. From those images, a
normalized difference vegetation
index (NDVI) map was derived
(Figure 2.B). According to the
information and field visits, the

technical service proposed a variable rate fertilizer prescription
map to be applied in the fertilization of maize in the next campaign: base dressing (before sowing) as well as in the side dressing
(in V5-V6 maize stage). Three different fertilizer dose rates were
applied according to the productive potential of each zone (Figure
2.C). Those are detailed in Table 3
together with the costs, including
application. The limitations of the
low potential zone were mainly
because of salinity and drainage

problems. These could not be
solved in short, and because of
that a reduction of fertilizer dose
rates was proposed.
Figure 2.D and 2.E show the
results of the campaign. The former is the yield map in metric
tonnes of maize grain per hectare
at the reference moisture content
of 14%. This map was multiplied
by the obtained price for the grain
(233.8 €/tonne) and then subtracted by the total cost of the
variable rate fertilization in each
zone, which resulted in the gross

Table 2. Pesticide savings using variable-rate spray application based on two dose rates
(prescription map for low and high LAI).
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(A) Standard uniform dose rate
(B) Class-based site-specific dose rate
Pesticide savings

Low LAI
High LAI

Area
(ha)
1.75
0.94
0.81

Reference
LAI
1.61
2.15

V
(l ha)
400
297
397

Total volume
applied (l)
700
279
322
14.1%
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benefit map (Figure 2.E). Ideally,
the gross benefit map should
show one only colour with the
maximum benefit. Nevertheless,
one can observe values between
210 and 4,015 €/ha, with an
average value of 2,705 €/ha. If
the fertilization had been uniform,
with unique dose rates (700
kg/ha of 8-15-15 as base dress
and 625 kg/ha of N32, which are
the usual rates in the area), the
average gross benefit would have
been 2,625 €/ha. The difference
between both treatments (vari-

able versus uniform) was, in this
case, 80 €/ha. To this amount one
has to subtract other costs of
implementing the PA strategy
(Table 1), as 10 €/ha of the ECa
surveying and map elaboration, 5
€/ha of the imagery service, 5
€/ha of the yield monitor and
map plus about 10 €/ha of the
consultant service. In total, these
other costs were 30 €/ha. This
resulted in an average total gross
benefit of 80 - 30 = 50 €/ha.
Fixed uniform costs should be
deducted at this point, but they

are not considered in this study.
50 €/ha could be seen as a short
benefit of applying PA but there is
a way to improve it. Map 2.E indicates the zones fertilized in the
next campaign could be further
adjusted to increase the average
gross benefit. This would be the
case if soil limitation problems
were not solved yet. Other additional benefits, such as the environmental (more difficult to
assess), should be considered. For
example, with the adjustment of
the nitrogen (N) dose rates

Table 3. Variable rate fertilizer dose rates and cost applied in the case study of maize fertilization.
Productive
potential
Low
Medium
High

Base dress
rate
300 kg/ha
8-15-15
500 kg/ha
8-15-15
700 kg/ha
8-15-15

Base dress
cost (€/ha)
95
155
216

Side dress
rate
625 kg
N32/ha
390 kg
N32/ha
156 kg
N32/ha

Side dress
cost (€/ha)
50

Total cost
(€/ha)
145

125

280

200

416

according to the productive
potential and the limitations of
the soil, the farmer is contributing
to avoid N leaching and ground
water pollution. As we have seen
in previous Precision Ag Corner
columns, PA should be considered
as a cycle where the results and
knowledge acquired in one campaign are the feedback to the
next one, and so on. Sometimes,
the benefits of PA are not so obvious, and several seasons applying
the PA cycle are required to try to
reduce or structure the field variability. Thus, little by little, one will
be able to successively improve
the yields and benefits of the
farm.

PA IN PRACTICE:
LEARNING FROM EXPERIENCE
Summarizing, several approaches
are possible to start implementing
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An interview with...

Terry Griffin, Cropping Systems Economist, Kansas State University

Dr. Terry Griffin has been
evaluating the profitability
of precision agricultural
technology since the
mid-1990s. His Ph.D.
research evaluated spatial
statistical techniques to
analyze site-specific digital
data for on-farm
experiments. Current
research interests include
decision-making tools from
community of aggregated
farm data. For his efforts in
precision agriculture and
farm data utilization, Griffin
received the 2014 Pierre
C. Robert International
Precision Agriculture Young
Scientist Award, 2012
Conservation Systems
Precision Ag Researcher of
the Year, and 2010 Precision
Ag Researcher Award of
Excellence. Terry serves
as Treasurer of the
International Society
of Precision Agriculture.
Several years have passed
since precision agriculture
(PA) has taken a position in
the agricultural world, but is it
really profitable in economic
terms? In which areas can
farmers benefit most from the
application of PA?
As an economist I must say that it
depends. The profitably of information technology depends on
when, where and who. The prof-

24 www.newaginternational.com

itability of automated guidance
and automated section control
depends on field geometry. For
rectangular fields with relatively
long passes, automated guidance
is typically advantageous. For
smaller, irregularly shaped fields,
automated section control has a
comparative advantage. For the
data technologies, such as yield
monitors, grid soil sampling and
variable rate applications, the
profitability depends upon the
inherent field characteristics and
also the decision maker, i.e. the
“who.” These data may be valuable but only for the farm decision
maker who is able to make better
decisions with that information.
Deciding to invest in PA is
not an immediate and easy
matter, so what should
farmers take into account
to make reasoned decisions
about new equipment and
technologies they need?
To make the best decisions with
respect to technology adoption,
farmers must take a close look at
their own management abilities.
Farmers must consider the
amount of time and effort that
they are willing to put into
enhancing their human capital. If
farmers are not willing to invest
the human capital to make use of
technology, then they are likely
better off to use only the automated technologies, such as guidance
and section control. If the farm
decision maker has the capacity
and is willing to invest time and
effort into making the data technologies work for their farm, then
they may consider yield monitors
and associated technology.
Farmers like to see the
advantage of PA in saving
inputs and increasing yield.
But what value can be placed
on the environmental and
social benefits of PA?

The social benefits from utilization of precision agriculture have
been an interest of mine.
Automated guidance has
improved the lives of farmers,
farm equipment operators and
their families. It has been said
that air-conditioned tractor cabs
improved the lives of the farmer
and the rural household.
Automated guidance has similarly improved the lives of farm
equipment operators’ spouses
and children. Equipment operators are less fatigued and tired at
the end of the work day when
technologies such as automated
guidance has been utilized.
Finally, in addition to
investing money, farmers
should invest in learning
how to adopt and use
PA efficiently. To what extent
are farmers willing to invest
their time in training?
Will on-farm experimentation
be key in this whole process?
Looking at the adoption statistics
in Kansas, we can see that farmers more readily adopt technologies that are automated and to a
lesser extent the data intensive
technologies like yield monitors. I
think this reflects the farmers’
willingness to invest human capital into learning how to make the
most of the technology. With
automated guidance, little
human capital is necessary to
make the technology profitable
for the farm. With yield monitor
data, much more investment in
learning and management is necessary to utilize that data. Our
adoption statistics reflect these
differences. When it comes to the
most practical example of using
yield monitor data in profitable
method, on-farm experimentation is the most cited. Farmers can
get more local information much
quicker for their farm by conducting their own on-farm research.

PA at a commercial level in a
profitable way. All of them require
an important initial investment
either in equipment, consultancy
services, education and training,
or time. A farmer can go for hard
or soft precision agriculture
or he/she can opt for developing
his/her own adapted solutions
or using off-the-shelf general
equipment. Another thing to
consider is whether to use
map-based or real-time sensorbased precision agriculture (see
previous Precision Ag Corner
columns).
As in any other subject, decisions
have to be made after understanding what is behind each
of the possible alternatives.
On the one hand, hard PA together with real-time sensor-based
and off-the-shelf solutions usually
implies less education from the
farmer side but higher startup
capital. On the other hand,
soft map-based PA will require
more education and advising
services to tailor the solutions to
each farm.
Whatever the adopted solutions,
it is crucial to make sure they are
feasible, reliable and profitable.
A good way to assess it is by
using on-farm experimentation
techniques. What are the most
appropriate fertilizer rates in each
of the delineated management
zones? What is the optimal seed
population? What is the best
pesticide/herbicide dose? When
and how much to irrigate?
These are questions to be
answered that largely affect the
results of the season. On-farm
experimentation
techniques
together with PA monitoring
solutions can help farmers make
more informed decisions. The
goal is to increase crop
productivity and/or product
quality through a more efficient
use of resources to ensure
sustainability while minimizing
environmental risks. Such is
precision agriculture. n

