Chapter 12
Perspectives of Precision Agriculture
in a Broader Policy Context

Kim Martin Lind and Sgren Marcus Pedersen

Abstract Agriculture is faced with contrasting requirements from the broader soci-
ety. On the one hand, agriculture needs to expand production to be able to feed a
growing global population. Furthermore, the developing bio-economy requires
agriculture to produce for a range of non-food objectives such as bio-fuel, textile
fibres, etc. On the other hand, concerns over the environment, climate, biodiversity
and other ecosystem services place restrictions on conventional agricultural produc-
tion. Precision agriculture can be part of the response to these often conflicting
issues by employing technologies that in a precise and targeted approach reduce
resource use and increase yield. Furthermore, the growing demand for higher value
food products in terms of health and quality require traceability and information
about production processes and resource use, which also correspond with the pos-
sibilities offered by precision agriculture technology. The general movement
towards higher integration in food supply chains is a natural extension of the require-
ments for traceability and product information, which are integral parts of precision
agriculture.
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12.1 Introduction

Precision agriculture (PA) promises to provide a better and more targeted use of
inputs and reduce the negative effects to the environment. In particular, auto-steering
and the availability of Variable-Rate Application (VRA) equipment at affordable
costs produces some promising perspectives. With growing prices of agrochemi-
cals, VRA provides economic benefits to farmers while providing ecological
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benefits with reduced leaching and emissions. In this chapter, we envisage how PA
may attain larger yields with lower inputs to meet the standards and policy trends in
Europe and other OECD countries.

In the next 20 years, world food production is required to increase by 50% to
feed the projected 9.2 billion Earth population in 2050, (FAO 2009). Up to 80% of
that increase must come from production intensification. Precision agriculture can
be one of the options to deal with the growing demand for food. The size of this
variability can be used to demonstrate the suitability of implementing VRA more
extensively. Although site-specific techniques have been available to farmers for
more than 20 years, the adoption has been relatively slow for most applications. So
far, variable-rate N application in cereals is used by 3-8% only of the farmers in
Denmark, Germany and Finland (Lawson et al. 2011).

12.2 PA and Wider Societal Trends

Precision Agriculture technologies offer promising perspectives on meeting the
demands of and mitigating risks to the global society. In particular, the growing
world population requires increases in food production, however, concerns over
climate and environment may slow down the growth necessary in productivity.
Furthermore, there are concerns about increasing scarcity of and decreasing returns
to conventional energy reserves, which in turn could significantly reduce the amount
of affordable energy for societal needs and demands. Climate change poses threats
to sustainability of natural environments, agriculture and urban areas. Agricultural
production for non-food uses, specifically for energy production, requires additional
agricultural area in addition to areas needed for expanding food production, for
habitation and other urban related activities for a growing population that is increas-
ingly living in large cities.

Rabbinge and Bindraban (2012) identify six megatrends in agriculture that
overarches global development albeit with varying local or regional effects. The
increase in productivity is identified as the first megatrend. Hitherto, the increases
in food production have outpaced the increase in population despite the dire predic-
tions of Malthus (1798). Thus, over decades if not centuries productivity in agricul-
ture has increased in terms of per hectare, per hour of labour, per kg of chemicals
applied and for other inputs. In the Netherlands, wheat yields have risen from
around 800 kg per hectare in 1400 to 1800 kg in 1900 and increasing to 9000 kg per
hectare in 2000, (Bindraban and Rabbinge 2012). Simultaneously, labour input has
decreased from about 600 h per hectare in 1400 to 240 h in 1900 and dropping to
12 h per hectare in 2000. Behind these impressive achievements are better and more
targeted uses and applications of inputs. Information gathering of the conditions of
crops in the fields has led to the ability to vary input and resource use according to
differing needs in line with the principles of precision agriculture.

Farmers are generally price takers — meaning that it is difficult for the individual
farmer to get a price different from what the market offers. Adoption of a new farming
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technique enables the individual farmer to reduce cost and or improve yields and
thereby profits in the short run. However, after some time other farmers may adopt the
techniques and the aggregate output of a given product will increase. Without an
increase in demand, prices will fall. In reaction to this, new technologies will be
developed to reduce costs. These technologies will be commercialized and adopted
by farmers, which in turn provide new supplies and a reduction in output prices. This
course of events is known as the agricultural treadmill. It is often observed in the
agribusiness sector because most agricultural products are regarded as primary prod-
ucts produced by many producers. As an individual farmer, it can profitable to be
among the early adopters of new technology enabling possible favourable returns in
the short run (Doll and Orazem 1978). However, in the longer run above-normal
profits will decline as more and more farmers implement the technology.

Innovations are often caused by changes in relative factor prices. With higher
labour costs, the agricultural sector will be forced to use more capital-intensive fac-
tors as a substitute for labour to gain an increase in productivity and profitability.
The relative cost of capital compared with labour has shifted the agricultural sector
into more specialization with larger farm areas and production units. This trend has
been prevalent in Europe and many other regions since the fifties (Pedersen 2003).

Precision agriculture and smart farming technologies have to some extent followed
a similar pattern. Precision farming is capital rather than labour intensive and the
concept of auto steering and variable treatment aims at saving variable inputs such as
fuel, nutrients and to some extent labour and thereby increasing farm productivity.

The second identified megatrend in agriculture is the integration of more
advanced industrial and information technologies in agricultural production.
Increasingly, farm machinery is equipped with sensors and GNSS capabilities making
information gathering and processing a more and more natural element of farming
practices. This development has contributed towards making it possible to identify
spatial and temporal variability across fields, soils, crops, pests and weed infestations,
and management practices. Precision agriculture technology is considered by farmers
mainly because of higher expected profitability, (Reichardt and Jiirgens 2008). The
main reason for the low rate of adoption of precision agriculture in Germany was
found to be the high cost of the technology. Nevertheless, more and more
PA-technologies such as positioning systems and sensors are embedded in new farm
machinery and equipment. Therefore, gradually over time it is expected that
PA-technologies will increasingly be adopted with ongoing investments. Figure 12.1
shows the evolution of the number of tractors in Europe, USA, Brazil, China and Sub-
Saharan Africa (SSA), where tractor density on agricultural land is used as a proxy for
the intensity of capital investments in agriculture, (Jepsen et al. 2015).

The figure shows that investments in technology can take place fairly rapidly. In
Europe, the number of tractors has increased from 3 to 8 per 100 ha of arable land
from 1960 to 1990 as a part of the mechanization in Europe. In 2005, this number
has been reduced to 7 tractors per 100 ha in Europe. Within Europe there are major
differences because of differences in the farm area per farmer amongst different
European countries. With relatively large farms in for instance the UK, France and
some East European regions and small farms in Southern Europe.
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Fig. 12.1 Tractors per 100 ha of arable land (Source: World Bank Development Indicators)

In South America, Brazil more than doubled the number of tractors per hectare
in the 1970s. Likewise, the USA can also be seen to have substantial technological
investments in certain periods, but on average the number of tractors have been
between 2-3 tractors per 100 ha, which to some extent is caused by relatively large
farm holdings in the USA. Hence, when the technology is considered beneficial or
profitable enough, farmers are willing to undertake significant investments.

This development is not only about increasing numbers of larger and larger farm
vehicles. The current development of computers and microchips is likely to speed
up the development in precision agriculture. Moore’s law says that the number of
transistors in a dense integrated circuit doubles approximately every 2 years.
Basically, it means that the capacity of microprocessors doubles every second year.
A similar trend is seen with regard to the number of pixels per unit costs and other
developments in computers and electronics. This trend will provide opportunities
for the development of smart farming technology that does not rely exclusively on
large machines. In addition, big data have become a term for gathering, storing and
analysing large and complex data sets, Marz and Warren (2015), which is being
used to analyse and interpret enormous data files at high speeds. Eventually, it is
expected that various agricultural processes will benefit from progress in data pro-
cessing techniques such as weed recognition, soil mapping, plant requirements, etc.
Furthermore, this trend is likely to lead to more advanced systems in the future such
as autonomous systems at progressively lower costs.

The development towards integration of the whole food supply chain is identi-
fied as a third megatrend. This development enables producers, processors and dis-
tributors to comply with sanitary and phytosanitary standards, reduce environmental
impacts and target consumer requirements thereby increasing value added in the sup-
ply chain. Traceability has become a tool for securing safety and quality of the food
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products in addition to adding value for customers, who increasingly demand infor-
mation of location and process characteristics, (Dabbene et al. 2014).

Precision agriculture enables retailers and final consumers to trace and control
each action in the supply chain and on the field. Traceability has become an argu-
ment by manufacturers of GPS-related equipment for adopting precision farming
technologies. Although, PA can be a tool to trace the commodity from “field to
fork”, it will still require an effort to follow and certify the commodity vertically in
the food supply chain. From other farm commodities, we have experienced a price
premium for organic products and crops with certain local brands. Similarly, it may
be possible to obtain a premium for certifying traceability. Nevertheless, it is a pre-
sumption that the final consumers are willing to pay for certified traceability. From
a stakeholder workshop in Denmark it was concluded that consumers may find PA
too complex to understand and explain as a concept of value. Participants at the
workshop found it difficult to “brand the concept of precision farming” in the super-
markets compared with for instance organic products (Pedersen et al. 2002).

Other ways of obtaining an extra premium could be from selective harvesting if
there is a timely variation in crop quality and maturity. In that case, PA can help to
identify which subfield is ready to be harvested in order to obtain higher prices of
the final product. Selective harvesting requires optimized route planning systems
and sophisticated models to predict crop harvest time.

Multifunctionality of agriculture forms a fourth megatrend. Agriculture pro-
duces a number of outputs in addition to the immediate production objective of the
farmer. Consequently, the farmer is required to meet environmental and other objec-
tives demanded by society. These objectives include biodiversity, landscape man-
agement, animal welfare, rural settlement and other public goods. In developed
countries, such concerns are increasingly shaping agricultural policies, see e.g.
Rizoy (2004), where traditional agricultural support is reallocated towards provi-
sion of public goods and increased sustainability of agriculture. Sustainability
issues are high on the political agenda. Precision agriculture has a strong potential
to help agricultural policy to meet its objectives by enhancing competitiveness and
improving sustainability and effectiveness (i.e. reducing agriculture’s impact on the
environment as well as using natural resources in a sustainable manner) (EP 2014).

Europe provides 25% of cereal production worldwide (FAO 2012) and winter
wheat (Triticum aestivum L.) is the most important crop produced in Europe on 56
million hectares. In Europe, the total use of nitrogen is about 20 million tons of
which the cereal production uses more than 10 million tons. Currently, most nitro-
gen application in winter wheat is carried out as uniform application, and often by
using the most demanding part of the crop to define the rate of N-application, which
often causes leaching or emissions on areas where the nitrogen is not taken up
(Robertson et al. 2008). To achieve large grain yields, N additions are necessary,
especially in areas with small soil organic matter content. A study from the
Netherlands has shown that with the implementation of variable-rate application
techniques, cereal yield can be increased by 10% (D. van der Schans et al. 2008).
Other studies have shown that by changing the application from uniform to site-
specific application based on measured crop needs, savings can be realised in the
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Fig. 12.2 Global production of nitrogen fertilizers 2002-2014 (Source: FAOSTAT)

order of 5% and up to 50% of N in cereals (Scharf et al. 2011; Basso et al. 2012),
depending on local soil and production conditions. Additional benefits could come
from a reduced usage of nitrogen as well as an increase in grain protein content.
Other studies from Denmark have shown little or moderate yields from variable-rate
N application based on crop and soil simulation models (Pedersen 2003).

Environmental stress generally increases with more intensive agriculture, which in
turn is seen as a prerequisite for productivity increases. Consequently, chemicals such
as pesticides, herbicides, insecticides in addition to fertilizers are used increasingly.
Figure 12.2 shows the evolution of the global production of nitrogen fertilizers.

Public pressure on the agricultural sector to reduce the negative environmental
impact from nitrate leaching, excessive supplies of pesticides and water will
increase. Several legal regulations in different regions have been imposed, including
quotas and levies on nitrogen application, treatment indices and taxes for pesticides,
time limits for irrigation, and recently more focus has been put on phosphorus appli-
cation (Gachango et al. 2015a; Pedersen 2003 and Pedersen et al. 2013).

The figure shows an increase in nitrogen production of more than 2 million
tonnes per year on average. This growth may be necessary to secure the increases in
global food production that is required to meet the demands of a growing global
population, FAO (2009), however, the substantial yearly increases in nitrogen use
presents challenges for the environment and for water resources.

Western nitrogen fertilizers in different forms imported into Europe increased
from 6.2 million tons in 2002 to 10.6 million tons in 2014 and Western Europe is
currently a net importer of nitrogen (FAOSTAT).

Generally, nitrogen is applied uniformly across fields regardless of site-specific
needs and balances. Precision agriculture offers a more targeted approach where
sensors detect and identify nitrogen deficiencies much more precisely, which poten-
tially leads to reductions in redundant nitrogen use without complementary
decreases in yield. Hence, PA can alleviate stress to the environment and help secure
more sustainable agricultural production.
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Another example is water consumption in agriculture, (Fraiture and Wichelns
2010). The global demand for water in agriculture will increase over time with
increasing population, rising incomes, and changes in dietary preferences. Moreover,
increasing demands for water by industrial and urban users, and water for the envi-
ronment will intensify competition of the limited resources. Precision irrigation can
reduce water consumption in high-value crops significantly. In a study of water
usage in a citrus orchard (Gonzélez-Dugo et al. 2013), precision irrigation was able
to reduce water use by 25% without reductions in yield. Especially in dry and semi-
dry areas, site-specific irrigation is likely to get more attention.

The fifth megatrend in agriculture identified by (Rabbinge and Bindraban
2012) concerns food and health issues. More and more food consumption is
linked to health issues, (Szakaly et al. 2011). Food diets are designed towards spe-
cific uses based on diseases, deficiencies and genetic traits. Management of crops
and animal husbandry can be improved and optimized by using information gath-
ering sensors mounted on agricultural machinery. Individual animals and plants
can, thereby, be monitored and conditional actions related to plant and animal
health can be automated or form part of the basis for subsequent farm manager
decision making, (OECD 2016). This development is projected to evolve into the
management of product quality with increased value added in agricultural prod-
ucts. As precision agriculture may help to reduce nitrate leaching into ground
waters, it can be a means to improve the quality of table and drinking water. It may
further enable farmers to reduce the application of pesticides, which in turn also
affects crop quality and improves drinking water.

The increasing attention given to sustainable agriculture is in part a response to
what is seen as the harmful effects of large-scale industrial agricultural systems on
the environment and on human health, Horrigan et al. (2002); Gold (2016).
Sustainable agriculture includes organic practices and focuses on relatively small
integrated farms with less reliance on chemical inputs. Precision Agriculture pro-
vides opportunities for decreasing chemical inputs through e.g. site-specific appli-
cations and mechanical weeding. Nevertheless, industrial agriculture has achieved
high yields, which are reduced in sustainable and organic farming practices. Thus,
more land is needed to provide similar production quantities. This is a crucial point
in the debate concerning whether land for nature and biodiversity should be segre-
gated from land for production or whether these considerations should be integrated
into the production systems, Tscharntke et al. (2012).

The bio-based economy is a sixth megatrend. A public goods-oriented bio-
based economy is based on production paradigms that rely on biological processes
and, as with natural ecosystems, use natural inputs, expend minimum amounts of
energy and do not produce waste because all materials discarded by one process are
inputs for another process and are subsequently reused in the ecosystem, EC (2011).
A prominent example is the expansion of bio-based energy production such as etha-
nol production however, biological products have a variety of different uses which
are being explored, Vanholme et al. (2013).

Precision agriculture fits naturally into several of these megatrends. Increasing
productivity and reducing resource use is at the root of precision farming. Identifying
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spatial and temporal variation provides possibilities for the targeted use of resources
instead of uniform application, which can lead to significant savings, and is an inte-
gral part of the procedures for identifying potential resource reductions. Furthermore,
precision agriculture can provide much of the information gathering and traceability
necessary for improved integration in the food supply chain. Consequently, the first
three megatrends identified in agriculture are well in line with the objectives and
capabilities of precision farming technology. Precision agriculture has a strong
potential to function as a vehicle allowing farmers to achieve the objectives set by
policy makers and society in general concerning environmental and climate issues
while simultaneously improving efficiency and competitiveness.

Precision agriculture has the potential to reduce resource use and increase yields by
enabling farmers to collect information and improve farm management through better
decision-making processes. In particular, variable-rate application promises to reduce
environmental stress by using chemicals, fertilisers, water and other resources in a
targeted approach. However, variable-rate application technology has yet to demon-
strate significant economic benefits for farmers leading to low investment in this tech-
nique. Possible environmental gains are often not priced in the markets, which can
justify support to obtain the wider societal benefits of positive externalities and public
goods production associated with PA. This would be in line with the changing objec-
tives of the Common Agricultural Policy in the EU over the last couple of decades.

Nitrogen is a key to increase productivity and economic returns in crop production.
Nitrogen Use Efficiency (NUE) by crops is globally low (between 30 and 50%)
(Baligar et al. 2001; Delgado et al. 2010). The need to improve nitrogen efficiencies
aimed at reducing the negative environmental impact from losses of nitrogen have been
emphasised in relation to surface water, leaching and atmospheric loss, which again
contribute to climate change (Li et al. 2007; Dubrovsky et al. 2010; IPCC 2007).

Eutrophication problems in surface water impose negative effects on ecosystems. In
practice, only about half of the N fertiliser that is added to today’s cropping systems is
taken up by the crop (Smil 1999; Robertson and Vitousek 2009). The other 50% remains
in the soil or seeps out through the air or water pathways (Mosier et al. 2001).

Fertilisers are important to intensify agricultural production and to ensure food
security for the growing population. However, the general public will no longer
accept the negative environmental consequences of using fertilisers.

There is a pressure among farmers to comply with the legislation (such as Water
Framework Directives, Nitrates Directive and River Management Plans) as well as
national legislation.

Images from remote sensing show large differences in canopy development
that subsequently lead to variation in yield (Primicerio et al. 2012). Crop yield,
protein content and nitrate leaching are all functions of nitrogen application. A
goal for the farm manager is to improve the financial viability of the farm. For the
surrounding society, the goal is to improve overall welfare by reducing negative
environmental effects such as nitrate leaching and nitrous oxide emissions. Nitrate
leaching from root zone to water and streams is a common consequence of inten-
sive crop production, and the higher the application amounts the greater the leach-
ing. All EU countries are, according to the EU Water Framework Directive,
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obliged to set up river management plans for their river catchment areas. These
plans are detailed descriptions of how targets that are set for the catchment and
river basins are to be reached. A recent analysis from the Danish catchment area
“Limfjorden” has shown that the marginal costs of reduced nitrogen nitrate leach-
ing from agriculture is around 20-30 € per kg nitrogen N leached to the recipient
(@rum and Jacobsen 2013). Similar costs were found in (Gachango et al. 2015b);
The leaching may be regulated by using nitrogen quotas, set aside or other means
or by using Variable Rate Nitrogen Application (VRA).

A potential reduction of 2—4 kg N leaching per ha from variable-rate N applica-
tion with considerable soil variation may be possible. This might lead to an environ-
mental monetary value of EUR 40-120 per ha (Pedersen and Pedersen 2002).
Several studies on the performance of VRA have focused on static or historic
differences in crop yield and soil type. However, a few models include risk assess-
ment in relation to future precipitation and vegetation indices measured in real time
during the growing season. By including these variables it might be possible to
reduce nitrate-N leaching even further with more sophisticated models.

12.3 Policy Trends in Europe

Precision agriculture might be able to contribute to achieving the objectives of the
EU common agricultural policy by integrating at a large scale across Europe a group
of advanced technologies that will enhance resource use efficiency (N fertilizer),
while increasing grain quality and yields. Precision farming could potentially con-
tribute to improved farm incomes in addition to improving the competitiveness of
the agricultural sector by enabling agriculture to improve efficiency. Through the
integration of existing PA technologies, PA may foster green growth through inno-
vation, highlighting the role of agriculture in preserving natural resources and in
contributing to the solution of global environmental challenges as well as preserv-
ing local natural habitats and environmental goods.

In Europe, the CAP-reform process beginning in 1992 has increasingly changed
the focus of agricultural policies from traditional production support towards
broader societal goals based on multifunctionality and sustainability, Jensen et al.
(2009). The CAP has been restructured to two pillars, where the first covers tradi-
tional agricultural support and the second is support founded on community
preferences. Thus, pillar 2 policies are implemented through national or regional
rural development programmes, which are based upon at least four of the six com-
mon EU priorities, EC (2013):

1. Fostering knowledge transfer and innovation in agriculture, forestry and rural
areas.

2. Enhancing farm viability and competitiveness of all types of agriculture in all
regions and promoting innovative farm technologies and sustainable manage-
ment of forests.
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3. Promoting food chain organisation, including processing and marketing of agri-
cultural products, animal welfare and risk management in agriculture.

4. Restoring, preserving and enhancing ecosystems related to agriculture and
forestry.

5. Promoting resource efficiency and supporting the shift towards a low carbon and
climate resilient economy in agriculture, food and forestry sectors.

6. Promoting social inclusion, poverty reduction and economic development in
rural areas.

The set of priorities listed and the range of measures under pillar 2 listed in
Regulation (EU) No 1305/2013 of the European Parliament and of the Council
of 17 December 2013 offer opportunities for supporting investment in and dissemi-
nation of precision agriculture technology. Moreover, the regulations open possi-
bilities for supporting knowledge transfer, advisory services, training and extension
by which information of PA technology and decision support tools can be dissemi-
nated among farmers. The requirements for documentation of environmentally-
friendly agricultural production for instance in relation to the EU directives
concerning nitrate and pesticides provide arguments for supporting implementation
of PA technology. Specifically, variable-rate application technology has hitherto not
been shown to provide appreciable economic benefits, which would otherwise
induce investments by farmers in this technology. Therefore, if the societal values
from the environmental and climatic benefits that can be obtained by variable-rate
application are to be realised, subsidies for this technology are needed and could be
provided through pillar 2 measures. The economic benefits of controlled traffic
farming and auto-guiding systems are documented better, thus these technologies
should disseminate organically across agriculture.

Precision agriculture will contribute to a more resource efficient Europe
because it will increase N efficiency and fuel efficiency, reducing reliance on the
import of fertilizers that is very energy-dependent. Consequently, the application of
technologies that improve N use efficiency is important to improve raw material
supply in Europe.

e Precision agriculture: directly addresses major EU policies such as the Water
Framework Directive, the Nitrates Directive, the Ground Water Directive and the
Common Agricultural Policy. Precision agriculture will in its most advanced
form become a decision making system that integrates real-time crop status
information, data based on field history, weather and economic forecasts and a
web-based agronomic decision support system. Integration of all these variables
will result in improved and better decision making capacity for farm managers.

* Traceability: Precision agriculture will allow the farmer to trace the amount of
N used, facilitating record-keeping and compliance with EU environmental reg-
ulations including vulnerable areas.

e Usability: Precision agriculture places the farmer at the centre of the system by
providing a real-time service specifically tailored to the end-user needs and
aimed at facilitating decision making, but still relying on farmers’ perception.
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* Module-ability: Precision agriculture will integrate several pre-existing mod-
ules that could be substituted or improved according to the end-users’ needs and
technology availability (local crop models, local decision making systems, local
UAV providers.

The need for a European approach is justified by: nitrogen fertilization has a high
priority in the European environmental legislation as reflected in the Water
Framework Directive, which describes the targeted level of good qualitative status
of all water bodies such as a good biological status and a good chemical status, and
The Nitrates Directive that aims to reduce pollution by nitrate leaching.

Furthermore, the Common Agricultural Policy and in particular the cross com-
pliance scheme, the greening measures and the rural development programme
couple subsidies to farmers with mandatory minimum levels of agro-environmental
criteria.

According to the EU Directive on the sustainable use of pesticides, it is stated
that EU Member States must take measures to promote low pesticide inputs and
better pest management. Member States should also produce a system for the imple-
mentation of integrated pest management that ensures farmers have sufficient infor-
mation, tools for pest monitoring and advisory services on pest management. Here
again PA could fulfil these objectives.

The EC Air Quality Framework Directive from 2008 and KYOTO protocol
for the reduction of CO, emissions aim to reduce the use of fossil fuels. Precision
Agriculture and auto-steering systems might help to reduce overlaps and thereby
fuel consumption by around 5% (Jensen et al. 2012).

The EC Habitats Directive on the conservation of natural habitats and of wild
fauna and flora: Here the adoption of site-specific weed management may improve
the natural habitats and wild fauna and flora in relation to reduced use of
herbicides.

Weed management is not only targeted to address the needs of the crops but also on eco-
nomic, environmental and other social aspects in accord with the requirements from the UN
Sustainable Development Goals. These are translated into “Good Agricultural Practices” on
a global and multinational level by the FAO and EU.

12.4 Stakeholder Involvement

Precision agriculture involves people from a wide range of disciplines including
agronomists, remote sensing experts, environmental consultants, agricultural engi-
neers, economists, farmers’ advisors, etc. It requires a wealth of knowledge includ-
ing local and regional farming conditions. All this expertise can rarely be found in a
single European country, thus it requires international cooperation to provide the
best technology development and decision support tools. A number of stakeholders
should be included to improve the adoption of PA systems: policy makers, industry
and society, farmers’ associations and cooperatives. In addition, public and private
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advisory services, national, regional and representatives of agricultural authorities
(ministries, departments and agencies) have interests related to CAP greening regu-
lations and cross compliance regulations.

Organizations in the field of sustainable agriculture; Research networks and ini-
tiatives on precision agriculture and organization, agricultural machinery are also
likely to be impacted by the development of the technology. Thus, Commercial
exploitation and training of users of PA systems will have to be organised and
receive training and extension material developed with plans to improve technology
transfer of PA technologies within the following areas:

* Remote sensing applications, including Satellite, Aerial and UAV image applica-
tions to help to improve:

e In-field and groundbased detection of nitrogen content in plants

e Groundbased weed detection and weed mapping

* Soil conductivity mapping and (pH) maps to aid lime application

* Weed and fertilizer maps and DSS for fertilizer and pesticide applications

Moreover, precision agriculture and new technology products have to be compli-
ant with the Environmental Technology Verification programme of the European
Union. In addition, PA should also be in line with the Cross Compliance aspects of
the CAP, including Greening, complying with the Statutory Management
Requirements as well as maintaining Good Agricultural and Environmental
Conditions (GAEC).

Social innovation PA will contribute to the digital agenda in the EU by deliver-
ing innovative and high-tech services to farmers that will introduce ICT in agricul-
ture, thus contributing to bridging the digital gap in the EU among farmers. This
agenda will also help to attract new students to the agricultural colleges and to farm
business as such.

Students that have previously been reluctant to enter the farm business may be
attracted with a combined interest in both modern technology and traditional farm-
ing practices.

12.5 Opportunities for Small and Medium Size Companies

Precision agriculture may also provide market opportunities in the short and medium
term given the following:

The current prospects for the PA market to grow are significant in the coming
years because of larger farm holdings, professionalization and modernization of
technology and technical developments in Information Technology with faster com-
puters for data handling. For instance, Byrne et al. (2013) project a continued rapid
pace of advances in semiconductor technology, a key ingredient in the IT evolution,
which is an essential part of PA-technology. Furthermore, the rate of decline in
prices of microprocessors show no signs of levelling off.
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Start-ups and small business companies emerging from precision agriculture
migth develop in the short and medium term as a consequence of the dissemination
of PA systems. These emerging companies will be closely related to the structure of
the agricultural economies of the different countries involved. Local advisors that
use PA technologies with agronomic knowledge can provide green IT jobs to young
people that are entering the job market.

Local machinery cooperatives will provide PA machinery needed for the applica-
tion of the N fertilization plan.

In general, precision agriculture technologies might also contribute to building a
commercial farm advisory system with combined knowledge on technological,
agronomic and economic aspects from various research and development projects
throughout Europe. In other parts of the world we see similar developments. In the
US, agricultural policies have developed in tandem with the CAP through succes-
sive farm bills towards a focus on public goods and sustainability issues, although
at lower levels than in the EU. The agri-environmental policies include new tech-
nologies such as precision agriculture as part of best management practices, Reimer
(2015). Public investments and policy reforms will support landscape management
practices to be used by farmers and ranchers for sustaining food and ecosystem
security. Although U.S. farms have provided increasing supplies of food and other
products, they have also been major contributors to global greenhouse gases, loss of
biodiversity, natural resource degradation and public health problems, Reganold
et al. (2011). Furthermore, it is recognised that to improve sustainability of U.S.
agriculture, practices and technologies that address specific production or environ-
mental concerns associated with mainstream conventional farming systems, new
approaches are needed that include 2-year crop rotations, precision agriculture with
geospatial technologies that describe field variation, classically bred or genetically
engineered crops and reduced or no tillage.

12.6 Concluding Remarks

Agriculture is faced with contrasting opposing requirements from the broader soci-
ety. On the one hand, agriculture needs to expand production to be able to feed a
growing global population. Moreover, agriculture is required to produce for several
other objectives including energy, textiles, chemicals, and so on. On the other hand,
concerns over the environment, climate, biodiversity and other public goods place
restrictions on conventional agricultural production. Precision agriculture can be
part of the response to these often conflicting issues. Furthermore, the growing
demand for higher value food products in terms of human health and quality that
require traceability and information about production processes and resource use
corresponds with the possibilities offered by precision agriculture technology. The
general movement towards greater integration in food supply chains is a natural
extension of the requirements for traceability and product information.
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Regardless of the societal benefits, the main purpose for investing in new tech-
nology is an increase in profitability. For controlled traffic farming and auto-
guidance systems, the economic benefits are significant and well documented.
However, the promising properties of variable-rate application have so far been
realised only by subsidising dissemination of the technology. In Europe, the trend in
the reform of the common agricultural policy towards supporting the multifunction-
ality of agriculture including environmental and climate friendly production pro-
vides opportunities for supporting investments in PA technology. Hence, PA’s
promises of increasing production with reductions in resource use can become
available to farmers in Europe.
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