When accuracy of measurements matter: economic
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Abstract - Starting from 1980s, Precision Agriculture (PA) has
established itself as a modern farming management using digital
techniques to monitor and optimize agricultural production
processes. However, the debate about the relative magnitude of
benefits and costs of PA technologies on individual farms is still
going on. The profitability of precision agriculture depends on part
of the spatial and temporal variability of the soil and on the other
hand on the accuracy with which the measurements are made. On
this premise, the present paper aims, firstly, to review the state of art
of the economic profitability of PA, in relation to the technology
adopted. Secondly to explore how Precision Agriculture
Technologies could affect the productivity of a representative farm
specialized in arable crop production. This study confirms the
positive effect related to the application of Precision Agriculture
Technologies (PATs).
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L INTRODUCTION

Defined by Leonard (2016) [1], as a means of producing
on-site data to guide decision making, Precision Agriculture
(PA) is a farm management approach which allows to manage
the growing of crops for better yield and quality, through the
measurement of physical parameters and collection of data.
Starting from the 1990s, several definitions of PA have been
given in the literature [2,3,4,5,6], but all the authors agree that
this practice matches the agronomic inputs and the practices
to site-specific conditions within a field and the improvement
of the accuracy of their application [7]. In detail, we can
consider PA as an integrated information and production-
based farming system, designed to deliver high-end
technology solutions to increase farm production efficiency
and profitability while minimizing environmental impacts on
the ecosystems and the environment. PA technologies are
technology innovations that incorporate recent advances in
modern agriculture providing evidence for lower production
costs, increased farming efficiency and reduced impacts.
Accuracy and precision are two relevant factors to consider
when taking data measurements. They both reflect how close
a measurement is to an actual value, but accuracy refers to
how close a measurement is to a known or accepted value,
while precision reflects how reproducible measurements are.

For a long time, in the field of Precision Agriculture
Technologies (PAT), digital devices able to take a more
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accurate and precise measurements generally corresponded to
higher investment costs. This economic constraint initially
caused a limited diffusion of PA. To date, a wide range of
different low-cost devices is available on the market, which
allows a to meet accuracy requirement in the measurements.

In Italy, although the adoption rate of technology among
farmers is still low due to socio-economic barriers [8, 9],
however the market for smart agriculture technologies is
growing, where technology providers are increasingly
providing solutions that cover the entire field of the agri-food
supply chain (AFSC). In particular, most of the solution
covers the first step of the AFSC, that is the production phase,
from cultivation to storage of the product to processors.
According to a recent survey conducted by the Osservatorio
Smart Agrifood [10], currently, the technologies available on
the market are those that support the growing phase of the crop
(46%) followed by seeding (23%) and harvesting (22%)
(Figure 1).
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Figure 1: Most utilized PA technologies in the first step of
the AFSC

The most widespread technologies on the market are related
to the soil mapping (29%), machine control (27%) and
precision interventions (21%), such as planting, fertilizing and
distributing pesticides. The remaining part of these
technologies are reserved for the farm and crop management
and monitoring, respectively 18% and 5 % (Figure 2).
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Figure 2: Most developed technologies present on the Italian
market

The main crops treated with PA are fruit and vegetables (38%)
cereals (35%), wine (23%) and olive oil (4%) (Figure 3).
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Figure 3: Main crops treated with PA

To date, even if there are affordable PA technologies available
on the market, the application still remains circumscribed at
few farms. In fact, in addition to the cost of investment, the
adoption of the precision agriculture technologies has
encountered other difficulties such as additional application or
management costs and investment on new equipment, trained
employees for the use of technologies and uncertainties found
within the farming community, compared to the potential
economic and environmental gains from their adoption
[11,12,13,14,15,16, 17].

Given these premises, this paper discusses the economic
benefits of PA, in relation to the accuracy of the measurement
taken by different technologies, trying to answer the following
research question: “What is the economic profitability
deriving from the adoption of high accuracy PA
technologies?”.

In order to reach this goal, we attempt to quantify the
economic benefits of PA based on an Italian case study of a
representative farm specialized in arable crop production
which has invested in high accuracy PA. The case study
method enables to explore and investigate a contemporary
real-life phenomenon through detailed contextual analysis of
a limited number of events or conditions, and their
relationships. According to Yin [18] a case study research
method is “an empirical inquiry that investigates a
contemporary phenomenon within its real-life context; when
the boundaries between phenomenon and context are not
clearly evident; and in which multiple sources of evidence are
used.” Due to the limited availability of other cases for
replication, in this study, we adopt either a single-case design.

The remainder of the paper is organized as follows:
Section 2 presents a brief literature review. Section 3 indicates
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the methodology and data, section 4 provides the results.
Finally, in section 5 we present conclusions and some policy
implications.

II. ECONOMIC PROFITABILITY OF PRECISION FARMING: A
BRIEF REVIEW

PA involves the use of digital technologies for the location,
in a timely manner and in the right way to improve production
while minimizing environmental impacts [19].

According to Pedersen (2017) [20], precision Agriculture
Technologies for recording and mapping field and crop
characteristics are divided into the categories below:

1. Global navigation satellite systems technologies (in
fact these technologies record the actual position which can
be used for different purposes such as guidance, mapping);

2. Mapping technologies;

3. Data acquisition of environmental properties
(camera-based imaging, NDVI measurements, soil moisture
Sensors);

4. Machines and their properties Global navigation
satellite systems (GNSS) technologies.

These technologies consent the recording of spatial
differences in the factors relevant to crop growth, such as the
quality of soil, the availability of water and fertilizers, or crop
yield. This allows greatly improved efficiency of the
resources made use of, leads to reduced waste of inputs and,
in addition, improves the adjustability of biological-technical
systems.

The work of Guo et al., (2018) [21] highlights how
positioning accuracy represents a key factor for the precise
management of agricultural operations. In the engineering
fields, accuracy refers to how close a measurement is to the
true value, but a more rigid definition is applied by the
International Organization for Standardization, (ISO), which
defines accuracy as a measurement with both true and
consistent results. The ISO definition means that an accurate
measurement has no systematic error and no random error. A
key component of the precision farming management
approach is the use of a wide array of digital devices, which
allow taking accurate measurement in agriculture: this
includes GPS guidance, sensors control systems, robotics,
drones, autonomous vehicles, variable rate technology, GPS-
based soil sampling, automated hardware, telematics, and
software.

According to Perez-Ruiz and Upadhyaya (2012), [22],
PA applications can be classified into three different
categories, taking into account the different degree of
accuracy in the positioning systems:

(i) low accuracy (meter level) can be used for asset
management, tracking and tracing;

(i) medium accuracy (sub-meter level) can be used for
tractor guidance, via manual control, for lower accuracy
operations such as spraying) [23], spreading, harvesting bulk
crops and for area measurement and field mapping);

(iii) high accuracy (cm level) can be used for auto-
steering systems on tractors and self-propelled machines
(harvesters and sprayers.

PA has the potential to help farmers improve input
allocation decisions, thereby lowering production costs or
increasing outputs, and, potentially, increasing profits.
However, there is still a scant known about the relative
magnitude of benefits and costs of PAT on individual farms.



According to Zhang et al., (2002) [24], the impact of PA
technologies on agricultural production is expected in two
areas:

e profitability for farmers

e ccological and environmental benefits to the public.

However, both the profitability and the environmental
benefits of PA continues to be difficult to predict evaluate and
measure [25, 26]. According to the literature, the profitability
of PA depends on different aspects including: the farm size,
the type of crop, the technology adopted, the degree of spatial
variability of soil attributes (e.g. soil types, fertility and
organic matter) and yield response [27, 28, 29, 30].

Studies on PAT adoption emphasize that adopters tend
to operate a larger agricultural area, and subsequently
generate a higher income. This indicates the ability to
accommodate some risk in investment of newer and larger
technologies. Some studies highlighted that specialized farm
in high-income crops such as vineyards and olive groves, are
more likely to adopt PATs.

Economic profitability is a major concern when
considering the adoption of any agricultural technology and
the level of perceived profitability of adopting precision
agriculture technologies has been found to dictate uptake
identified knowledge gaps towards estimating the return on
investment which leads to an inability to economically assess
these technologies. A behavioral factor which has also been
found to have a positive effect is the willingness of farmers
to trust the technology. For example, a number of studies
have found low levels of trust in the technology to be a key
limitation for PATs adoption, relative to other factors.
Thus, farmers are waiting for research results on the
profitability of various PA technologies before increasing
their investment significantly to adopt more technologies. On
the one hand, PA is aimed at large holdings with a farm and
capital structure that enables them to invest in expensive
systems. On the other hand, it is a means to get farm
management back to small scale farming processes with
detailed knowledge about small units and management zones
and enable farmers to treat each unit, whether it is a piece of
land or an animal, with the same care as farmers did in
previous times. This development is facilitated by the help of
smart technologies that allow the farmer to gain detailed
knowledge about the field and subsequently to treat the field
accordingly. Despite these advantages, precision agriculture
is adopted only by innovative farmers and the intelligent
usage of precision farming data is still rather limited.

III. DATA AND METHODS

In order to determine the realistic benefits of the
application of PA, a case study research was conducted. In
details, the study focuses on a comparative economic
assessment concerning the ex-post evaluation of PA adoption
in a representative farm specialized in arable crop production
in Italy.

A standard economic analysis was applied to determine
profitability associated with precision agriculture techniques.

The economic analysis included the estimation of total
costs and gross revenues. In details, the total costs include
fixed and variable costs. Fixed costs constitute that portion of
total cost that remains unchanged for a specific production
plan regardless of whether more or less is produced. Fixed
costs are therefore non-variable in the short term. They may,

however, vary over the long term as a result of a change in
the production plan. Examples of fixed costs are
management, equipment depreciation and overhead, taxes
etc. While variable costs are a function of output and are only
incurred if there is production. There is therefore a
relationship between the volume of production and these
costs. Examples of variable costs are fertilizer, seed,
herbicides etc. Production revenues (Gross revenues) are
related to the sale of the product and any premium associated
with cultivation (direct payments or premium included in the
various RDPs of the regions). As for the sale, reference was
made to the average yield per hectare made by the farmer and
to the average price received by the farmer.

Comparing the two categories (ex-adoption and post-
adoption) through the total costs and the gross revenues, it is
possible to determine the operating income, i.¢. the economic
result achieved through management over a period. In order
to assess the economic efficiency of precision farming
practices, data for the analysis were collected by a
questionnaire with direct interview.

IV. RESULTS

The following paragraph reports the processing of the
economic data of the case study. The data, after having been
detected through a farm visit and interviews with the
entrepreneur, have been revised in order to arrive at specific
conclusions. In particular, summary and simplified tables
were created that reports the total costs, the yields, the gross
revenues and the net profit margin derived from crops
production before and after the application of precision
farming techniques (Table 1, 2, 3). The main items in the
income statement are expressed in €/ha. The case study farm
comprised 1300 hectares worked in PA. Of the agricultural
land, 59% with corn, 41% is cultivated with wheat (durum
and soft). From 2010 to 2016 the farm has invested with PA
technologies for a total cost of about 200.000 € to collect
information to be used to make decisions with greater
precision and to optimize crop yields. The main investments
include assisted steering (ISOBUS), service for
georeferenced, production and soil mapping system, variable
rate fertilizer spreader, machine for weeding and treatment
with variable dosage distribution. In this analysis, the price
received by the farmer for the production of the crops is quite
similar for both types of farming (conventional or with PA
technologies).

Table 1: Profitability analysis on corn

Before PA After PA
(2009) (2017)
Total cost (€/ha) 2.300 2.287
Yields (Ton/ha) 12,5 13,5
Gross revenues (€/ha) 2.637 2.820
Net profit margin (€/ha) 337 533

Table 2: Profitability analysis on soft wheat

Before PA After PA
(2009) (2017)
Total cost (€/ha) 1.350 1.300
Yields (Ton/ha) 6 7,3
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Gross revenues (€/ha) 1.430 1.664
Net profit margin (€/ha) 80 364

Table 3: Profitability analysis on durum wheat

Before PA After PA
(2009) (2017)
Total cost (€/ha) 1.186 1.120
Yields (Ton/ha) 5 5,7
Gross revenues (€/ha) 1.350 1.490
Net profit margin (€/ha) 164 370

The first aspect to be analyzed concerns crop yield and
therefore on gross revenues. We note that in the transition
between conventional agriculture and the application of PA
technologies witnessed an increase of the yield: +8% for corn,
+22% for soft wheat and +14% for durum wheat). The
improvement of yields is associated with both direct and
indirect effects of PA technologies. The direct effects derive
from the optimization of production processes. The indirect
effects derive from the greater knowledge on the state of soils
and crops. In this way the farmer can make more timely
decisions. In fact, the farmer has declared that the
georeferenced mapping of his lands and of the working time
for crops firstly allowed to quantify how much was actually
the area worked in addition because of overlapping errors in
different cultivation operation. In addition, the mapping of
production and the soil analysis allowed to modulate seeds,
fertilizers and herbicides according to the real need of the
plants and the productivity of the soils. Consequently,
eliminating the waste of time associated with overlapping in
the field and eliminating the waste of different inputs through
the use of fertilizer spreaders, machines for weeding,
treatments and seeders with variable dosage distribution it
was possible to reduce total cost and increased environmental
sustainability. In particular, there is mostly a reduction in the
variable costs that includes the cost of both mechanical
operations (labor, diesel, lubricants) and technical means
(seeds, fertilizers, crop protection products).

Finally, analyzing the net income obtained by difference
between gross revenues and total costs, we can observe that
in the passage between conventional agriculture and PA an
increase is generated for all crops: 196 €/ha for the corn, 284
€/ha for the soft wheat and 206 €/ha for the durum wheat.
These results are in line with different studies
[31,32,33,34,35,36,37,38,39]. Thus, the adoption of precision
agriculture practices can be a viable alternative to
conventional production systems.

Finally, it is important to underline that in this study the key
contributor to the profitability of the farm especially derived
from the increase in crop gross revenue from increased yields.
In detail, the higher yields, in combination with the slightly
higher price received, due to quality improvements, increase
crop sale revenues. Input cost savings are also important but
not as significant. However, with respect to the variation in
crop yield, an important notation should be done. We are
aware that crop productivity is influenced by a complex set
of factors, such as climatic conditions, and certainly not only
by the possible introduction of a specific technology (e.g.
PA). Despite this evidence, we must remember that the
present paper involves a single-case study research. As such,
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it takes into consideration a contemporary event for which
historical statistics are not available. Consequently, future
research will need to be developed in order to confirm (or not)
the validity of these results.

V. CONCLUSION AND POLICY IMPLICATIONS

Nowadays, the economic aspect is undoubtedly one of the
most important factors to motivate the adoption of tools for
precision farming within the farms. Many farms are, in fact,
reluctant to introduce precision farming systems for the costs
that need to be addressed and for uncertainty about the
profitability of these technologies. In this article we have tried
to calculate the profitability related to the use of agricultural
systems of precision.
In this study, the potential benefits of managing crops using
precision farming techniques include:
e the economic benefit of an increase in crop yield and
a reduction in inputs, i.e. seed, fertilizer and
agrochemicals but also less fuel use;
e the environmental benefit from a more precise
targeting of fertilizer and agricultural chemicals.
To date, the knowledge and diffusion in the agricultural
sector are still insufficient especially due to the scarcely
aware of the positive role, both economic and environmental,
that this farming system can have. However, while several
studies have begun to demonstrate the economic profitability
of PA technique, the assessment and quantification of
environmental benefits are almost totally lacking in the
literature. Some farmers do consider these benefits as part of
their overall viability decision, based upon their personal
values. But apart from general qualitative statements, there is
no quantified environmental benefit assessment that can
underpin an investment decision: this appears a significant
omission that could be addressed by developing a
methodology and/or tool to be available for the decision
process.
In addition, the support from governments and other public
institutions can play an important role in a wider adoption of
PA. However, since PA benefits are not universal across
Europe but rather specific to local conditions and to the
farming systems in place, there is no specific measures or
policies that support this type of agriculture. Today, different
rural development measures under Pillar II of the CAP
(Regulation EU No 1305/2013 of the European Parliament
and of the Council of 17 December 2013) are suitable to play
arole in fostering the development of this technology. Within
the range of Pillar II, measures available for MS to support
PA development through their RD programs are:
e Article 14 - Knowledge transfer and information
actions
e Article 15 - Advisory services, farm management and
farm relief services
Article 17 - Investments in physical assets
Article 28 - Agri-environment-climate
Article 35 - Co-operation
Article 55 56 57 - European Innovation Partnership for
Agricultural Productivity and Sustainability (EIP-
AGRI).
In particular, the EIP-AGRI can play an important role in
both developing and mainstreaming precision farming in the



EU. Improved collaboration between farmers, farm
service/technology industry and academics can speed up
market introduction of PA technologies based on a robust
evaluation of economic, agronomic and environmental
benefits. In addition, EU governments have developed
Industry 4.0 policies with the aim of strengthening industrial
competitiveness and modernization of the manufacturing
sector, including the agriculture. This policy supports
especially the digitalisation of agriculture based on the
development and introduction of new tool and machines in
production.

Therefore, the uncertainties found within the farming
community towards PATs, compared to the potential societal
gains from their adoption, challenges policymakers to design
targeted interventions which encourage their uptake.
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