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2. List of abbreviations 

 

AKIS  Agricultural knowledge and innovation system 

BCT  Blockchain technology 

EDI  Electronic data interchange 

EDIFACT United Nations/Electronic Data Interchange for Administration, Commerce and Transport 

ERP  Enterprise resource planning (software) 

FMIS  Farm management information system 

GACS  Global agricultural concept scheme 

GNSS  Global navigation satellite system 

GPS  Global positioning system (US Government) 

ICT  Information and communications technology 

LIDAR  Light detection and ranging (type of radar) 

LOD  Linked open data 

PA  Precision agriculture 

POS  Point of sale (terminal/software) 

RFID                 Radio-Frequency Identification 

RTK  Real time kinematic satellite navigation 

SDG  United Nation’s sustainable development goals 

UAV  Unmanned aerial vehicle (drone) 
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3. Executive summary 

ICT-AGRI is an ERA-NET (European Research Area NETwork) aiming to help coordinating European research in 

ICT and robotics and to develop a common Strategic Research and Innovation Agenda (SRIA) based on shared 

priorities. New technologies are rapidly emerging and are revolutionising farming in the next decade. ICT-AGRI is 

supporting the development and implementation of these new technologies for a competitive, sustainable and 

environmentally friendly agriculture already since 2009. 

 

In December 2012, the ERA-NET ICT AGRI 1 published a Strategic Research Agenda (Lötscher et al., 2012) 

concerning the global challenges in agriculture, with proposals for addressing those challenges, and a discussion of 

how ICT and robotics could contribute to their resolution or mitigation. The conclusion of this report defined the 

focus of calls for transnational European research projects in ICT and agriculture, both within the ICT-AGRI 

project as well as influencing other funders. In the 6 years since then, the use of new technologies in agriculture has 

grown immensely in significance and there is widespread expectation that we are on the cusp of a “digital 

revolution” in the agri-food sector
1
, which is expected to revolutionise the primary sector, dissolve the boundaries 

between the agriculture and food systems, create new markets for data, as well as showing the importance of 

creating new global policies. In this SRIA, we aimed to review the main current and future challenges for 

sustainable agriculture (in Chapter 3) as well as the key goals. In addition, we describe the state of the ICT and 

robotics art and trends (Chapter 4) as well as the current and future challenges of ICT and robotics adoption in agri-

food systems (Chapter 5). 

                                                
1
 http://ec.europa.eu/programmes/horizon2020/en/news/digitising-agriculture-and-food-value-chains  

https://paperpile.com/c/MMcLjg/UH7F
http://ec.europa.eu/programmes/horizon2020/en/news/digitising-agriculture-and-food-value-chains
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Strategic Research Agenda (Lötscher et al., 2012) 

 

“The key concerns of the ERA-Net ICT-AGRI [European Research Area Network for Co-ordination of 

Information and Communication Technology (ICT) and Robotics in Agriculture and Related Environmental 

Issues] are to strengthen the international competitiveness of the European Union and to reduce the negative 

impact of agricultural production on the environment. In this context, the Strategic Research Agenda (SRA) 

has the following aims:   

• to identify future challenges for European agriculture;   

• to distil objectives and solution domains based on ICT and robotic technologies as they apply in primary 

agriculture;  

 • to determine further research and innovation (R&I) requirements;  

 • to create a vision for ICT and robotics in agriculture; and  

 • to develop recommendations for SRA implementation. 

The SRA is intended to serve as a reference for future planning of R&I at both Europe-an and national level.”  
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4. Introduction 

The first modern agricultural revolution arrived with the beginnings of automation of agriculture during the 18
th
 

century. Since then, the primary sector has evolved first slowly then more rapidly with the introduction of many 

different innovative processes and technologies, especially after WWII with the “Green Revolution”. The relatively 

recent innovations in telecommunication and information technologies have led to a far more connected world, 

which is now affecting more and more the agricultural sector. In the 2000s, the terms “e-agriculture” or “ICT” 

(Information and Communication Technologies) were used for the first time in official documents concerning 

agriculture, and the potential of applying these new technologies in agriculture began to be recognised. 

Concurrently, there has been a growing awareness of issues concerning sustainability in the agri-food sector, in 

terms of environmental, social and economic dimensions. 

 

Under the 7th Framework Programme for Research, the European Commission funded the ICT-AGRI 1 ERA-NET. 

The objective of an ERA-NET scheme is to develop and strengthen the European Research Area by facilitating 

practical initiatives to coordinate regional, national and European research programmes in specific fields. The 

overall goal of ICT-AGRI has been to strengthen European research within the diverse area of precision farming, to 

develop a common European research agenda concerning ICT and robotics in agriculture, and to follow-up with 

calls based on funds from the participating countries’ national research programmes. In 2012, ICT-AGRI 1 

published a Strategic Research Agenda (SRA) (Lötscher et al., 2012), which identified six main future challenges 

for agriculture: global food security, sustainable resource management, energy consumption, food quality and 

safety, climate change, and social aspects and demands. Key goals were outlined for meeting these challenges, such 

as reducing waste in the food chain, optimising fertiliser and pesticide use (see Figure 11). As ICT-AGRI covered 

all types of agriculture, the goals were placed in the context of different sectors for both plant and animal 

production as well as the umbrella domain: overall farm management. Those sectors were used to define the subject 

of the subsequent ICT-AGRI calls.  

 

 
Figure 1: Challenges, goals, trends and challenges related to ICT and its adoption as identified in an ERA-NET ICT-AGRI 2 survey (see 

Chapter 7  for more information).  

 

Since the publication of the ICT-AGRI 1 SRA, new technologies in agriculture have made major advances, with 

increases in the number of sensors, applications and management systems. This “digital revolution” in the agri-food 

sector
2
 is envisaged as addressing the global environmental challenges and is expected to revolutionise the primary 

                                                
2
 http://ec.europa.eu/programmes/horizon2020/en/news/digitising-agriculture-and-food-value-chains  

https://paperpile.com/c/MMcLjg/UH7F
http://ec.europa.eu/programmes/horizon2020/en/news/digitising-agriculture-and-food-value-chains
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sector: data, especially big data, are expected to provide new revenue streams and the power of the different 

agriculture and food stakeholders will be rebalanced. All changes will also bring new challenges, such as the 

interoperability of different systems, and the need for new policies and regulations, such as those regarding data 

ownership.  

 

If digital agriculture is really to offer solutions to problems like the environmental impact of agricultural 

production, then one of the biggest challenges is the adoption of the technological solutions. Even though this topic 

has been discussed for several years already
3
, adoption is currently still low. For instance, only 63% of French 

farms were connected to the Internet in 2016
4
, while 86% of French households are connected

5
, and only 30% of 

farms in the Netherlands use milking robots, with a rate as low as 2% for the USA. The use of new technologies 

will increase only if they provide clear value for farmers and other food producers, and if all stakeholders are happy 

with the new changes. In order to clearly understand the reality of the adoption issue, ICT-AGRI 2 created a 

questionnaire that was distributed to all ICT-AGRI partners and events in 2017. This questionnaire aimed to 

identify the challenges encountered by ICT and robotics and their importance for all EU stakeholders involved in 

the agri-food systems. 

 

The present text, the ICT-AGRI 2’s Strategic Research and Innovation Agenda (SRIA), is an overview of the 

current state of digital agriculture (and to a lesser extent the digital food system), providing both a roadmap and a 

set of signposts for the future development and funding of digital agriculture in the EU. It describes the current 

state of the art and trends in the food and agriculture systems, as well as defining the actual and future challenges 

that act as barriers to the further adoption of ICT and digital technologies by the sectors involved. This report aims 

to be the reference for the research and project priorities for the next 10 years to enable the use of new 

technologies for competitive, sustainable and environmentally friendly food and agriculture systems. 

 

 

 

                                                
3
 http://www.oecd.org/greengrowth/sustainable-agriculture/2739771.pdf 

4
 https://www.slideshare.net/GENTILLEAU/etude-agrinautes-2016-70295422 

5
 https://fr.statista.com/statistiques/509227/menage-francais-acces-internet/ 

The ERA-NETs ICT-AGRI 1 and 2 
 

The ERA-NET programme ICT-AGRI 1 started in the EU’s Framework Programme 7 on May 1st 2009 

and ran for 65 months until September 30th 2014. It involved 18 partners, 3 associate partners and 14 

observers from 21 countries. The objective of ICT-AGRI is to strengthen the European research within the 

fields of precision farming, ICT and robotics in agriculture by developing a common research agenda based 

on shared priorities and by launching joint calls. ICT-AGRI supports the development and implementation 

of the emerging technologies for a competitive, sustainable and environmentally friendly agriculture. The 

general aim is to pool the fragmented human and financial resources spread among countries to improve the 

effectiveness and efficiency of Europe’s research efforts. The follow-up ERA-NET programme ICT-AGRI 

2 was launched in January 1st 2014 and is scheduled to run until the end of 2018. The principal goals of 

ICT-AGRI 2 are to contribute to the development of an eco-efficient, resource-efficient and competitive 

agriculture through an enhanced and improved use of ICT and robotics. The ICT-AGRI 2 programme 

involves 23 partners from 16 countries. A proposition for a third project ICT-AGRI-FOOD (with goal to 

take into account the whole agri-food sector from the farm to the fork) has been applied to the European 

Commission to start for 2019 until 2023. 

 

 More details under: http://www.ict-agri.eu/ 

http://www.oecd.org/greengrowth/sustainable-agriculture/2739771.pdf
https://www.slideshare.net/GENTILLEAU/etude-agrinautes-2016-70295422
https://fr.statista.com/statistiques/509227/menage-francais-acces-internet/
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5. Current and future challenges for a sustainable global 

food and agriculture system 

Between ICT-AGRIs last SRA, published in 2012, and this new one 5 years later, public awareness of the 

challenges faced by the agri-food sector has grown considerably, and there is a great deal more evidence to show 

how unsustainable current agricultural practices are. 

 

The current global food and agriculture system has been widely recognised to be in crisis on a number of fronts. A 

large proportion of major global challenges including climate change, population growth, environmental pollution, 

loss of biodiversity, deforestation and soil loss, obesity and malnutrition, and water conflicts can be linked partially 

or entirely to the current practices of the food and agriculture system. Many different organisations have produced 

reports in the last 5 to 10 years identifying current or emerging existential challenges for humanity due to the 

agricultural sector. Examples include the following: 

 

● The UK government’s Foresight report (Government Office for Science, 2011) emphasised the conflicting 

pressures on the food system between feeding a growing population, predicted to exceed 9 billion
6
, and the 

competition for global resources (land, water, energy) in the context of the imperative to adapt to climate 

change. Among other challenges, the report emphasised the need to maintain biodiversity and ecosystem 

services while feeding the world, as well as managing the food system to mitigate climate change. 

● The FAO has produced many reports in this area. In 2017, its report on The Future of Food and 

Agriculture (FAO, 2017) noted that while agricultural productivity has tripled since 1960, much of the 

success has come at heavy cost to the natural environment, and emphasises the loss of half the world’s 

forests, the depletion of groundwater and the erosion of biodiversity. It notes further the impact that 

deforestation and degradation of natural buffers has had not only in greenhouse gas emissions but also in 

enabling extreme weather events and other natural disasters. “High-input, resource-intensive farming 

systems, which have caused massive deforestation, water scarcities, soil depletion and high levels of 

greenhouse gas emissions, cannot deliver sustainable food and agricultural production.” The report goes on 

to identify 10 challenges that need to be addressed in order to achieve a sustainable food and agriculture 

system that specifically meets the United Nations’ Sustainable Development Goals
7
. 

● The US Government Global Food Security Strategy report also identifies significant challenges to the 

global food security due to among other causes the impact of climate change and the stress it is placing on 

ecosystems, land, water and natural resources, while emphasising the need for new tools to improve 

agricultural productivity and monitor natural resources (USGOV, 2016).  

● The Barilla Foundation report, written by the Economist Intelligence Unit, on Fixing Food also notes the 

“unprecedented challenges” facing the world’s food system including reducing the environmental damage 

caused by agriculture (emissions, ground pollution, deforestation) as well as addressing the scourge of food 

loss and food waste. They note the fact that the world is running out of cultivable land much of which is 

suffering from erosion and overuse. The agricultural sector has to reduce both deforestation as well as the 

development of non-food crops, which drives much of this (EIU, 2016). 

● The IPES report From Uniformity to Diversity on the one hand notes the major achievements of the food 

system in the 20th century in crop productivity, food processing and distribution, and the decrease in the 

global percentage of people going hungry; and on the other hand notes that agriculture contributes up to 

29% of global anthropogenic greenhouse gas, 70% of all water is consumed by the agricultural sector, as 

well as being responsible for nitrate, phosphorus, pesticide, soil sediment and pathogen pollution in soil 

and water. It further notes the global decline in pollinators due to the use of pesticides and habitat loss 

presenting a fundamental challenge to crop productivity. Like the FAO reported cited above, it attributes 

                                                
6
 Now predicted to reach 10 billion by 2050 (FAO, 2017) 

7
 https://sustainabledevelopment.un.org/sdgs  

https://paperpile.com/c/MMcLjg/krI5
https://paperpile.com/c/MMcLjg/eyjD
https://paperpile.com/c/MMcLjg/kukW
https://paperpile.com/c/MMcLjg/aziV
https://paperpile.com/c/MMcLjg/eyjD
https://sustainabledevelopment.un.org/sdgs
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many of agriculture’s problems and its impact to the “industrial agriculture” model with extensive use of 

fertilisers, pesticides and antibiotics (IPES-Food, 2016). 

 

It is obvious that climate change, loss of soil fertility, depletion of water and other resources, and the vulnerable 

genetic basis of industrial monocultures with an expanding use of chemical agents are damaging world food 

security. Within the next decades, the world food system has to adapt quickly to the changing boundary conditions. 

These are widely accepted analyses of the situation, even if the path forward is open to discussion. This awareness 

is now one reason (among others) that after a long period of decreasing investment in agricultural research, recent 

years have seen a much stronger commitment from national and international stakeholders for research into 

agriculture and the means to make it more sustainable. 

 

5.1. Sustainable agriculture 
What is sustainable agriculture? As one of the most developed continents in the world, Europe takes its 

responsibility and is aware of its leading position in pushing agriculture towards a more sustainable way of 

producing food and other natural commodities. In fact, sustainability is an intensively discussed term. The most 

detailed analysis of sustainable agriculture can be found in the IAASTD report (McIntyre, Herren, Wakhungu, & 

Watson, 2008) and more recently in the IPES report (IPES-Food, 2016). Neither of these reports address the role 

that ICT can play in a sustainable agricultural future, largely because their focus was not on technological 

innovation. 

 

In the following, we stick to the simple and generally accepted concept encompassing the three pillars of 

sustainability: economic, environmental and social affairs. A suitable definition for sustainable agriculture in this 

respect is found on the webpage of the Sustainable Agriculture Initiative
8
: 

 

 

Sustainable agriculture is the efficient production of safe, high quality agricultural products, in a way that 

protects and improves the natural environment, the social and economic conditions of farmers, their 

employees and local communities, and safeguards the health and welfare of all farmed species.  

 

It is from this perspective that we will consider how ICT and related technologies may support a future for the 

agricultural sector that is above all environmentally sustainable but also can contribute to social and economic 

sustainability. 

 

5.2. The role of ICT in supporting sustainable agriculture 
The use of ICT in agriculture is one of several promising means to manage the predicted increase in food demand 

while simultaneously supporting the creation of a more environmentally sustainable and resilient manner of food 

production. Many reports have stressed the role that, from a policy decision-making perspective, technological 

solutions must play a significant role to mitigate or at least substantially reduce these issues. Technologically has 

meant, beyond obvious sources of innovations in agronomy and crop development, a whole range from mechanical 

engineering to information and computer systems. Some examples of such a position can be found in the following: 

 

● The IMechE report on global food (IMechE, 2013) stressed the high waste levels in the food system (over 

50% losses) in the context of ever-growing pressures on land, energy and water, and argues that there is a 

significant role for technology in reducing waste both in emerging and developed countries.  

● A FAO report notes the significance of relatively simple technologies like mobile phones resulting in 

innovations concerning “commodity and stock market price information and analysis, meteorological data 

                                                
8
 http://www.saiplatform.org/sustainable-agriculture/definition  

https://paperpile.com/c/MMcLjg/qltG
https://paperpile.com/c/MMcLjg/NGbF
https://paperpile.com/c/MMcLjg/NGbF
https://paperpile.com/c/MMcLjg/qltG
https://paperpile.com/c/MMcLjg/N1ut
http://www.saiplatform.org/sustainable-agriculture/definition
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collection, advisory services to farmers for agricultural extension, early warning” and thus argues that the 

“role that ICT can play as an instrument of change is potentially transformative” (FAO, 2013). 

● Similarly, the World Bank sourcebook on the role of ICT in agriculture for smallholders provides many 

examples and case studies showing the significance of different types of ICT in increasing productivity, 

improving soil quality, reducing waste and many other use cases of ICT that impact both the economic and 

environmental sustainability of farmers around the globe (World Bank, 2017). Examples include weather 

forecasting reducing agricultural risk, monitoring livestock to prevent pasture damage, the use of RFID to 

prevent cattle disease, the use of satellite data in combination with irrigation systems, crop insurance 

(especially index insurance) and field-data collection tools for certified farmer groups. 

● The role of ICT and digital agriculture for promotion of the Sustainable Development Goals (SDGs) has 

been much discussed and explored. Digital agriculture is considered to have great potential in helping to 

achieve the SDGs, and in the context of the UN’s Global Compact has been identified as playing a key 

role: “Digital agriculture has the potential to make agriculture more productive, more consistent, and to use 

time and resources more efficiently” (UN Global Compact, 2016). Further examples from that report are 

shown in Fig. 2. 

 

 
Figure 2: Examples of areas of ICT-application across a wide variety of agricultural sectors (UN Global Compact, 2016). 

 

● Not only at a UN level but also internationally individual countries are committing themselves to using 

digital agriculture as means to address both the need for greater food production as well as a reduction of 

environmental impact. For example, India has established the “Mission India for Transforming 

Agriculture” initiative with this specific objective (Wani, Bergvinson, Raju, Gaur, & Varshney, 2016).  

● A number of academic studies have similarly argued for the significant role of digital agriculture in 

enabling a sustainable future for agriculture. For example, Walter, Finger, Huber, & Buchmann (2017) 

argue that “ICT and data management can provide novel ways into a profitable, socially accepted 

agriculture that benefits the environment (e.g., soil, water, climate), species diversity, and farmers in 

https://paperpile.com/c/MMcLjg/sfAG
https://paperpile.com/c/MMcLjg/8bHb
https://paperpile.com/c/MMcLjg/8xqK
https://paperpile.com/c/MMcLjg/8xqK
https://paperpile.com/c/MMcLjg/O77Y
https://paperpile.com/c/MMcLjg/ZTlt
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developing and developed countries”. Dinesh, Campbell, Bonilla-Findji, & Richards (2017) argue that 

digital agriculture is one of the ten best bet innovations for adaptation in agriculture.   

 

While there appears to be widespread agreement on the significance of digital agriculture or the use of ICT in 

agriculture to support more sustainable practices, there remain many challenges including demonstrating the added 

value (especially for small-holders) and encouraging adoption. The following chapter provides an overview of 

some of the current trends in the application of ICT in the agri-food sector. 

  

https://paperpile.com/c/MMcLjg/yE24
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6. State of ICT art and trends in the EU agriculture and 

food systems 

The last 10 years have seen a rapid growth in the awareness, interest and investment in the application of ICT 

technologies to the agri-food sector. While visions of the application of technology to farming (i.e. precision 

agriculture) go back 30 years or more, the main areas of penetration of ICT has been in the retail sector (POS 

systems, ERP, data warehouses on customer transactions and loyalty cards (Felgate & Fearne, 2015; Verhoef et al., 

2010)) and in the dairy sector with the widespread uptake
9
 of milking robots (Butler, Holloway, & Bear, 2012). In 

parallel, there was a growing awareness of the importance of data (of all sorts) mostly in the research arena to start 

with (Wolfert, Ge, Verdouw, & Bogaardt, 2017). The role of ICT has spread in the last 15 years – in substantial 

part due to projects like ICT-AGRI –, initially in experimental efforts but slowly into commercial settings, 

particularly in the widespread use of GPS to track or guide vehicles (on farms, in logistics), the growing use of 

remote and local sensors, and the data they produce for farm management and food condition monitoring.  

 

It must be stressed, from the outset, that there is great variability in the degree and range of uptake of ICT in the 

agri-food sector even in developed, wealthy countries. For example, in the UK, while supermarkets like Tesco 

pioneered the use of clubcard data to track and analyse shoppers’ habits and better target special offers (Felgate & 

Fearne, 2015; Rowley, 2005), until very recently the grain sector in the UK has been using paper based “passports” 

to record the quantity and quality of grain leaving a farm, the means of transport and the eventual arrival at a mill 

(AHDB, 2016). The variability applies not just between different parts of the food system but also geographically 

between different countries in the same subsector. Currently, over 30% of Dutch dairy cows are milked by fully 

automated robots, while only 2% are in the USA (Varinsky, 2017).  

6.1. Sectors of the agri-food system 
Different sectors of the food and agriculture system have adopted ICT at different rates and focused on different 

aspects of these technologies. Even if in a broad sense, all ICT is interconnected, specific choices have been made 

to automate or use digital data differently in different contexts. In the research and development sector, there has 

been a growing awareness of the importance of data, as well as widespread interest in the potential of all sorts of 

technological (i.e. computer related) innovations. In this sector, we are concerned with the use made of ICT to 

facilitate development rather than the development of ICT solutions. Under the influence of other domains such as 

the life sciences, much effort has been put into the development of standards such as AGROVOC, a multilingual 

vocabulary largely used to annotate agri-food research (Rajbhandari & Keizer, 2012), such as for example in the 

AIMS/AGRIS database of agricultural publications. This has led more recently to attempts to unify major 

agricultural metadata vocabularies globally, the GACS initiative, in order to facilitate the mark-up and integration 

of academic datasets
10

. There has been a substantial growth in the development of crop modelling (Matthews, 

Rivington, Muhammed, Newton, & Hallett, 2013; Teixeira et al., 2017), which provide mathematical models of 

plant development and depend on considerable bodies of data for testing and validation. There is growing 

awareness that datasets in themselves have value, leading the development of scientific outlets for such datasets as 

well as pressures upon scientist to annotate and publish their data for reuse by fellow researchers
11

 (Grassini et al., 

2015). Here, the growth of the Open Data movement together with the more recent move towards FAIR data 

(Wilkinson et al., 2016) has led to strong guidelines or conditions on research grants that outputs including datasets 

should be openly available. A major factor for the crop modelling community has been the growing availability of 

remote observation (satellite) data extensively used to provide crop predictions (e.g. the EC’s Copernicus and 

MARS project
12

). Another area of considerable development has been genetic and germplasm data banks with 

                                                
9
 Such statements concerning uptake and adoption in this report largely refer to Western Europe and sometime 

include North America. 
10

 http://agrisemantics.org/gacs/  
11

 http://library.wur.nl/ojs/index.php/ODJAR/index  
12

  http://copernicus.eu/ and https://ec.europa.eu/jrc/en/mars  

https://paperpile.com/c/MMcLjg/qjiJY+CUIGf
https://paperpile.com/c/MMcLjg/qjiJY+CUIGf
https://paperpile.com/c/MMcLjg/tCKU8
https://paperpile.com/c/MMcLjg/Yqbp
https://paperpile.com/c/MMcLjg/XCOHC+CUIGf
https://paperpile.com/c/MMcLjg/XCOHC+CUIGf
https://paperpile.com/c/MMcLjg/0IwuU
https://paperpile.com/c/MMcLjg/et6vB
https://paperpile.com/c/MMcLjg/fp2Xd
https://paperpile.com/c/MMcLjg/EliNJ+iknk8
https://paperpile.com/c/MMcLjg/EliNJ+iknk8
https://paperpile.com/c/MMcLjg/YUdaw
https://paperpile.com/c/MMcLjg/YUdaw
https://paperpile.com/c/MMcLjg/u6lJD
http://agrisemantics.org/gacs/
http://library.wur.nl/ojs/index.php/ODJAR/index
http://copernicus.eu/
https://ec.europa.eu/jrc/en/mars
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suitable annotations (e.g. the Genesys databank, which supports crop biodiversity, or the Integrated Breeding 

Platform
13

). 

 

On farm, both arable farming and livestock farming have seen considerable developments in the actual (or 

potential) use of ICT. Precision agriculture has a history going back at least to the 1980s but has only become 

realisable in the last decade due to the reduction in the cost of hardware components, especially satellite guidance 

and sensors (Spyros Fountas, Aggelopoulou, & Gemtos, 2015; Mulla, 2013; Pedersen & Lind, 2017). There are 

three steps to precision agriculture
14

: 

 

1. Collection of data with the maximum possible resolution concerning the farm plots that are managed.  

2. Analysis of these data (often necessitating integration of multiple data sources) so as to plan a set of actions 

or treatments. 

3. The actions or treatments are undertaken with great control and precision (again dependent on sensors and 

measuring equipment).  

 

Three areas of application of precision agriculture methods have developed: a) crop farming, b) horticulture 

(especially under glasshouses) and c) livestock farming. The poster child for precision agriculture has been the use 

of global satellite navigation (e.g. GPS) for farm machinery control, initially mostly to ensure the most efficient 

path across fields but now tightly integrated with variable rate spraying and other techniques that are data driven. 

The success of GPS-based methods also depended on the availability of LIDAR measurements to provide detailed 

topography necessary for understanding soil development and soil water movement upon which successful crop 

management depends (Galzki, Birr, & Mulla, 2011). GPS has expanded immensely into guidance of seed drilling 

and fertilizer and pesticide application. Other sources of data include meteorological data (both historic and 

current), remote observation (via satellite sources such as Copernicus) and local observation using near or proximal 

sensors. The tailoring of meteorological data for specific farm services led to the creation of the first major “Big 

Data” company in the agri-food domain, Climate Corp (eventually bought by Monsanto), which provides site-

specific weather predictions for a three-hour window (Specter, 2013). Remote observation has changed 

considerably with arrival of hyperspectral remote sensing, making possible the analysis of specific compounds and 

molecular interactions, crop stress and other crop characteristics. Sub-meter granularity also now makes remote 

sensing much more useful for precision farming (Mulla, 2013). The main disadvantage of satellite-based sensing is 

that cloud cover can reduce accuracy and utility in comparison to using UAVs. The use of drones or UAVs has 

taken off in the last 5 years with significant reductions in costs, such that there are now “best buy” guides in some 

parts of the world
15

. Remote sensing applications in precision agriculture include measuring crop yield and 

biomass, crop nutrients, water stress, insect and plant diseases, moisture, clay content and salinity (Mulla, 2013). 

Integration with proximal sensors provides greater accuracy and a wider range of data (e.g. pH values, detailed 

humidity data, specific pest infestation data). All these data sources feed either individual applications (apps; such 

as on a smartphone or tablet) or some form of integrated farm management information system (FMIS), which 

allows the farmers to manage their crops or livestock (S. Fountas et al., 2015; Kaloxylos et al., 2014). FMISs 

provide decision-support systems based on simulation and optimisation models for specific crops or livestock, but 

also cover many other farm operations. Apart from field operations management, commercial FMISs also include 

functionalities to handle financial and budgetary management, inventory and traceability functionalities, reporting, 

machinery management and human resources (S. Fountas et al., 2015). Obviously, not all systems offer all such 

functionalities, although there are some integrating platforms that try to bring multiple services together (e.g. 

365FarmNet
16

). The long-term vision of many researchers is for the integration of robots into farm management 

systems so as to achieve completely automated farming
17

 (Pringle, 2017a). 
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The focus on the application of ICT in food production and processing has been on ever-greater automation, the 

identification of food pathogens, and the need for ever-better tracking and tracing. An example of automated 

horticultural packing can be found in the “Pick n Pack” project
18

, which combines image recognition with delicate 

robotics to adaptively package different agricultural products into their appropriate packaging. This results in 

greater speed, greater hygiene and potentially lower overall costs. Identification of pathogens has largely been 

addressed by ever-cheaper and more efficient testing tools, including more recently “lab on a chip” approaches 

(Kim, Park, Kim, & Cho, 2014; Sun et al., 2015). Such techniques are essential in view of the substantial 

challenges faced by the agri-food sector with regard to food integrity issues
19

 and food crises. There is ongoing 

work, both commercial and academic, concerning the role of ICT in ensuring greater food integrity and enabling 

better, faster responses to food crises, such as the 2011 Escherichia coli crisis or the 2013 horsemeat crisis (Elliott, 

2014). Food integrity is closely connected to food trading and transportation. 

 

In the food trading and transportation sector, the development of ICT has been driven in part by reasons of 

traceability, but mostly in the expectation that greater optimisation would be possible. Food traceability as a set of 

regulations (cf. EU’s General Food Law Regulation 178/2002) and related technologies implies that records have to 

be kept in order to trace food after some kind of incident. Much has been written about food traceability (Badia-

Melis, Mishra, & Ruiz-García, 2015; Espiñeira & Santaclara, 2016; Scholten, Verdouw, Beulens, & van der Vorst, 

2016) and while the need for traceability is motivated in part by issues of food integrity, traceability systems also 

enable to varying degrees the optimisation of the supply chain (van der Vorst, 2006). Core technologies used are 

standard industrial ERP systems (from vendors such as SAP, Oracle and Rubicon), frequently integrated with 

quality monitoring components from external third-party suppliers
20

. Barcodes and scanning equipment for 

barcodes on packaged goods are standard now across most of the agri-food supply chain. There is growing use of 

RFID chips (passive and active), although cost constraints have always impeded widespread adoption (Kemény & 

Ilie-Zudor, 2016). Within enterprises processing food, there is growing use of the GS1 EPCIS standard whereby 

aggregation (packaging) and transformation processes can be recorded in a standardised manner. Between 

enterprises, far greater use is made of simple identification barcodes (GTIN) (cf. data standards below). Some 

major food enterprises use EDI
21

 but this is mostly limited to orders and invoices. The ever-greater integration of 

logistics in the agri-food sector has resulted, for example, in the spread of reusable packaging (which flow from 

farm to retailer and back again) with current innovations exploring the use of integrated active RFID, sensors and 

GPS tracking so as to provide temperature and handling data for quality control. This is equally true of the cold 

chain (refrigerated and frozen food products such as meat and ice cream) where food losses due mishandling have 

remained a major challenge (Jedermann, Nicometo, Uysal, & Lang, 2014), and where continuous monitoring using 

IoT technologies may reduce temperature failures or at least making their identification much easier (Wang, He, 

Matetic, Jemric, & Zhang, 2017). 

 

At the retailer and consumer end of the food system, as noted elsewhere, ICT has long penetrated with the use of 

point of sale information systems based on scanning barcodes, the integration of such systems with ERP systems 

and automated (re-)ordering. Such developments go back more than a decade, so recent developments have focused 

more on a) using self-service tills, b) the better use of data to target advertising and special offers usually via 

loyalty cards, and c) recent developments in e-commerce and a multitude of start-ups and applications bringing the 

consumer, the retailer or food producer into greater communication. Self-service tills have become ubiquitous in 

supermarkets across Europe and there has been growing satisfaction with this technology (Demirci Orel & Kara, 

2014; Kallweit, Spreer, & Toporowski, 2014; NCR, 2014). The latest trend in this area is the proposal by Amazon
22

 

to develop a “grab and go” store that uses computer vision, sensor fusion and deep learning to allow shoppers to 

merely grab their items and leave (Wingfield, 2016). Ever-more sophisticated uses of data and machine learning are 

developing to target advertising, special offers and physical location of products more accurately. Of particular 
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importance is the huge growth in the variety of data sources that now include apart from sales data, also loyalty 

card data, customer behaviour on retailer website data, customers’ social graph, product locations, environmental 

data, etc. (Bradlow, Gangwar, Kopalle, & Voleti, 2017). The ever-expanding use of personal data has raised 

significant privacy concerns (famously when the US retailer Target predicted a woman’s pregnancy before she was 

aware (Duhigg, 2012)) and the application of the EC’s GDPR will also impact the manner in which data are used 

here. 

 

Furthermore, public organisations and governments related to agriculture and food also benefit from the new 

technologies. Indeed, as the other sector, digitisation of the data enables them to improve their efficiency
23

, the 

monitoring and security
24

 at the level of the administration itself as well as their services. As mentioned in the 

report “Towards a Common Agricultural and Food Policy” of Wageningen University & Research
25

 “The key to 

renewal of the subsidy system linked to the Common Agricultural and Food Policy is increased digitalisation and 

monitoring of farm activities. This requires a full database of land registries, land use and farmers, and identical 

criteria & methods for measuring farm performance. Progress in remote sensing and automated analysis are making 

this increasingly cost-effective and error & corruption-proof.” In addition, such dataset with the performance and 

the harvest success and environmental condition, will improve the modelling and prediction to foresee
26

. Changes 

depending on the markets
27

, environment, politics or the society, as well as to implement measures to address the 

current and future challenges will also be much more efficient.  

6.2. ICT and digitisation technologies: hardware 
Satellite navigation (global navigation satellite systems – GNSS) as provided by the US GPS system and the EC’s 

Galileo system are core technologies for the development of precision agriculture. The main developments here 

have been ever greater accuracy and ubiquity. While in the past systems such as RTK (real time kinematic satellite 

navigation) have been used to combine with GNSS so as to obtain high accuracy, current developments in 

autonomous cars and specialised chips are leading to cheap, highly accurate navigation systems (Moore, 2017) that 

will lower the cost of using such systems in precision agriculture. GNSS are playing an increasing role in food 

logistics as well for the tracking of containers especially in the cold chain but also down to the returnable 

containers used in horticulture. For example, Maersk is tracking all cold chain containers on container ships using a 

combination of GPS and 3G and is capturing data about location, power status, temperature, humidity and 

ventilation (Sowinski, 2016). Current adoption levels of GNSS technology in farming are over 80% in the USA but 

below 20% in the EC (EGSA, 2017; Fulton, 2015). 

 

There are other significant uses of satellites in agriculture. Early uses of satellite imagery were for estimating how 

much land was being cultivated and differentiating between different crop types so as to enable predictions of crop 

yields ahead of harvest. One of the best-known such services is the “Monitoring Agricultural Resources” (MARS) 

project
28

, which has been estimating crop yields for the purposes of the EC’s Common Agricultural Policy since the 

late 1980s, but also more generally to help establish estimates of global food security. Satellite imagery (using 

optical and radar images) has also been used for farm management (in close integration with GNSS) and before the 

advent of drones (cf. below) has been the primary source of data for precision agriculture.  

 

A major boost to the use of satellite imagery globally has been the EC funded Copernicus project
29

, which provides 

a wide variety of remote sensing data to end users for free. For example, BASF is currently using Copernicus data 

to provide pesticide and fertiliser advice to farmers
30

. Apart from the use of satellite data to support precision 
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agriculture, satellite data are also being used for the purposes of crop insurance (so called “index insurance”), 

which eliminates the need for on-the-ground inspection of agricultural land (e.g. in the RIICE project using 

Copernicus satellite data)
31

. 

 

The major success story, in recent years, has been the use of Unmanned Aerial Vehicles (UAVs) or drones for 

agricultural purposes. This has been foretold as a major potential area for the application of ICT to agriculture 

(Zhang & Kovacs, 2012), and PWC’s report from 2016 predicted that agricultural uses of drones would be the 

second largest market globally for that kind of technology (PWC, 2016). The combination of lightweight 

hyperspectral (NDVI) snapshot cameras that can calculate biomass and the fertilisation state of crops (Bareth et al., 

2015; Li, Mistele, Hu, Chen, & Schmidhalter, 2014) together with ever-more reliable and low-cost unmanned aerial 

vehicles is transforming certain parts of agriculture. Drones are being used for to identify soil variations, pest and 

fungi infestations, healthy vs. diseased plants, and generally collect aerial imagery for precision farming decision-

support. A key advantage of drones is that they fly below the cloud canopy and at a much lower altitude when 

compared to satellite images and data. And due to their low cost data can be collected at will by the farmer. There 

is also much interest in the potential of drones for crop spraying because this enables zero ground compaction, 

spraying of tall plants, access to difficult terrain, and saves time and labour. One of the arguments in favour of 

drone technology is their ability to support environmentally sustainable agriculture, especially in reducing pesticide 

use and managing irrigation more effectively. One significant uncertainty has been the regulatory context for the 

use of drones both in the EC and the USA (Freeman & Freeland, 2015). Until 2016, in the USA a pilot’s licence 

was required but this has now been abandoned in favour of a “Remote Pilot Airman Certificate” allowing farmers 

to use drones as long as they keep “line of sight” with the drone, operate below 500 m and under 25 kg. In Europe, 

regulations differ by country with the UK, for example, allowing non-commercial flights similar to the USA, while 

in the Netherlands, drones must be inspected by regulators before being allowed to fly. Switzerland, China and 

Australia allow crop spraying with drones while most other jurisdictions do not as yet (Riley, 2017). It is important 

also to see data from UAVs as complementary to data from satellites and there is extensive work currently to 

integrate different data sources and evaluate the respective advantages (Matese et al., 2015; Murugan, Garg, 

Ahmed, & Singh, 2016; Pantazi, Moshou, Mouazen, & Alexandridis, 2015). In addition, the opportunity UAVs 

provide to collect thermal imaging data (as opposed to optical images) is providing new opportunities for analysis 

of crop performance (Khanal, Fulton, & Shearer, 2017). 

 

The key challenge to the effective and widespread use of data from satellites, drones or even aeroplanes for the 

purposes of precision agriculture lies in the successful combination of the data with appropriate crop models and 

then the calibration of those models/data for the specific geographical region and its microclimate. Crop models are 

often developed with indices based on satellite data that are not freely or commercially available, and furthermore 

do not follow necessarily standard representations
32

. 

 

Another area of significant development in digital agriculture is in robotics. Since labour has always remained a 

major cost factor in the agri-food sector, the expectation has been that robots would play a significant role in the 

future but until now, the economics have not favoured such developments. The core robotic developments have 

been in dairy robots, autonomous mechanical weeding, the application of fertilizers and the harvesting of crops. 

The most successful use of robots has been in “robotic milking parlours” (dominated by the milking parlour 

companies Delaval and Lely). Currently over 35,000 robots are in use, but high capital costs and lower overall 

profits have caused robotic milking until now to have limited penetration globally
33

 (Salfer, Endres, Lazarus, 

Minegishi, & Berning, n.d.). Approximately 2% of US dairy cows are milked by robots, while about 30% in the 

Netherlands are (Varinsky, 2017). Robots have been developed for crop harvesting including grapes, strawberries, 

barley, cucumbers and many other crops. A key challenge for robotic farming is navigation around fields, although 

there is overlap with technology developed for autonomous driving, combining GNSS and vision technologies. The 
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challenges are even greater in some regards, as robots in farming need to manipulate their environment, planting, 

picking or spraying. For example, the EC funded RHEA project developed autonomous robots for chemical and 

physical weed management
34

. Autonomous tractors using on-board detection systems are able to kill a high 

percentage of weeds currently. An example of crop harvesting can be found in the H2020 project Sweeper
35

, which 

has focussed on the development of robots for bell pepper harvesting and uses advanced colour and 3D imaging. 

The “hands free hectare” project at Harper-Adams University has succeeded in sowing and harvesting barley 

entirely automatically using robots and a combination of cameras, drones and GPS systems
36

 (Pringle, 2017b). The 

project has plans to grow wheat in another cropping season. The use of robots in greenhouses is somewhat simpler 

than in open fields due to the more controlled environment (Al-Beeshi, Al-Mesbah, Al-Dosari, & El-Abd, 2015). 

Asefpour Vakilian & Massah (2017) showed how to use a greenhouse robot to significantly decrease the use of 

nitrogen, for example. The Belgian company Octinion
37

 has developed a strawberry picking robot with a picking 

speed comparable to a human and which can pick only the perfectly ripe fruit. The importance of robots for 

achieving environmentally sustainable agriculture is emphasised by Deepfield Robotics
38

, a company expecting to 

“sustainably increase agricultural production whilst minimising environmental impact” focussing on weed 

management. It should be noted that agriculture has been identified as a key application area by the EC’s Strategic 

Research Agenda in robotics (SPARC, 2014). However, current adoption of robotic solutions is still relatively 

limited, above all due to cost of capital investments. 

 

Proximal sensors or land-based sensors are a key technology in agricultural robotics and precision agriculture 

more broadly (Bogue, 2017). The major revolution in recent years has not only been the variety of measurements 

that can be taken, but also the significant reduction in the cost of manufacture and the consequent greater 

availability of these technologies, although most business analysts still judge them too high (Fisher, 2015). 

Furthermore, the integration of proximal sensors with wireless sensor networks has made precision agriculture 

much more practicable in a variety of contexts such as horticulture and greenhouse crops (Ojha, Misra, & 

Raghuwanshi, 2015). Proximal sensors include the following types (based on Schriber, 2018): a) location sensors 

(using GPS and RTK) (Marucci, Colantoni, Zambon, & Egidi, 2017; Odolinski & Teunissen, 2017); b) optical 

sensors to measure soil properties such as soil reflectance, water deprivation and nitrogen shortages in plants, etc. 

(Kweon, Lund, & Maxton, 2013; Peteinatos, Korsaeth, Berge, & Gerhards, 2016) ; c) electrochemical sensors for 

soil properties such as pH and nitrogen values (Adamchuk, Hummel, & Morgan, 2004; Joly et al., 2017); d) 

mechanical sensors to measure properties such as soil compaction (Hemmat & Adamchuk, 2008; Naderi-Boldaji, 

Weisskopf, Stettler, & Keller, 2016); e) dielectric sensors to measure soil moisture and soil composition 

(Kapilaratne & Lu, 2017) ; f) airflow sensors measuring other soil properties ; g) movement and temperature 

sensors usually for dairy or livestock (Borchers, Chang, Tsai, Wadsworth, & Bewley, 2016; Rutten, Velthuis, 

Steeneveld, & Hogeveen, 2013; van Eerdenburg et al., 2017). In addition, one should mention on-field weather 

stations measuring temperature, humidity and air pressure (Mesas-Carrascosa, Verdú Santano, Meroño, Sánchez de 

la Orden, & García-Ferrer, 2015). Proximal sensors measure a variety of parameters including: (in the soil) 

moisture/humidity, pH value, salinity, compaction, (on plant) plant colour (NDVI), (on animal) movement, 

temperature, etc. The measurements from the sensors have to be integrated for the purpose of any decision-support 

service. It must be noted that one of the biggest challenges here is difficulty in integrating data from different 

sensors due to the absence of industry-wide accepted standards. The decision-service will thus enable the planning 

of, for example, a fertilisation or spraying plan for an arable field, a decision to irrigate or harvest (in a horticulture 

or greenhouse context) or a treatment plan for sick animals (in a livestock scenario).  

 

Radio-Frequency Identification (RFID) is a technology that enables data exchange through small devices called 

tags. These devices do not have a battery; instead, they are powered remotely (through an external reader that 

wishes to communicate with them), allowing tags to be cheap, lightweight and easily disposable (Ilie-Zudor, 
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Kemény, van Blommestein, Monostori, & van der Meulen, 2011). In the context of agri-food, RFID tags are used 

in a similar way as barcodes in the sense that they enable product traceability (Dabbene, Gay, & Tortia, 2016; 

Kemény & Ilie-Zudor, 2016). It should be noted that while RFID tags offer substantial advantages over 

conventional barcodes, the technology has often been found to be too expensive for the food-supply chain (Aung & 

Chang, 2014). Kemeny and Ilie-Zudor (2016) note that in spite of costs having dropped significantly, the use of 

RFID “remains an issue for products with low profit margin and low per-unit value, e.g. fresh vegetables”. This has 

led to the use of both barcodes and RFIDs in parallel. In precision farming, there is significant use of RFID tags for 

livestock management (Anu, Deepika, & Gladance, 2015; Trevarthen & Michael, 2008). 

 

Internet of Things (IoT) for agriculture: A natural outgrowth of the technical developments in hardware for 

precision agriculture (or smart farming) has been the ever-greater network integration of these different types of 

hardware. At a local level, this can be seen in considerable research and innovation in the development of wireless 

sensor networks (Ferentinos, Katsoulas, Tzounis, Bartzanas, & Kittas, 2017; Ojha et al., 2015), which enable the 

networking of collections of sensors so as to feed some form of farm management system (cf. below). From this it 

has been natural to extend the “Internet of Things” vision (originally mostly conceived largely in a “smart cities” 

context) to an Internet of Things for agriculture and even the whole food system (integrating from farm to fork, i.e. 

bringing mobility and logistics into the picture) (AIOTI WG06, 2015; Verdouw, Wolfert, & Tekinerdogan, 2016). 

This direction of activity has been much support by the EC’s investment particularly in the Large Scale Pilot in IoT 

for smart farming
39

. 

 

6.3. ICT and digitisation technologies: software and services 
Farm Management Information Systems (FMIS) are software tools for the collection of data on the farm and the 

processing of that data in order enable decision-making (S. Fountas et al., 2015; Tsiropoulos, Carli, Pignatti, & 

Fountas, 2017). This has been an area of considerable growth in recent years. There are different types of systems 

                                                
39

 https://www.iof2020.eu/  

The ERA-NETs ICT-AGRI 1 and 2 calls and projects 
 

Since 2009, 6 transnational calls were conducted: 

2010 - Integrated ICT and automation for sustainable agricultural production. 

2012 - ICT and Automation for a Greener agriculture. 

2014 - Services & Applications for Smart agriculture. 

2015 - Enabling Precision Farming. 

2016 - Farm Management Systems. 

2017 - Farm Management Systems for Precision Farming. 

 

 
Table from “Final assessment report and recommendations for further development of ERA-NET activities 

and solidification of the transnational cooperation and coordination, Deliverable 5.4” (Willener et al. 2017). 

. 

https://paperpile.com/c/MMcLjg/WIlz7
https://paperpile.com/c/MMcLjg/k54ow+5QFe3
https://paperpile.com/c/MMcLjg/k54ow+5QFe3
https://paperpile.com/c/MMcLjg/I8eel
https://paperpile.com/c/MMcLjg/I8eel
https://paperpile.com/c/MMcLjg/k54ow/?noauthor=1
https://paperpile.com/c/MMcLjg/fOz2+ZA45
https://paperpile.com/c/MMcLjg/dayY+ti7E
https://paperpile.com/c/MMcLjg/4qQD+UA6B
https://paperpile.com/c/MMcLjg/C5qWK+5QrJ
https://paperpile.com/c/MMcLjg/C5qWK+5QrJ
https://www.iof2020.eu/


20 

for crop management, livestock and dairy management and greenhouse management. Greenhouse and dairy 

systems are more mature and have greater uptake than in other areas of agriculture. FMIS cover such aspects as 

field operations management and herd management, inventory, finance, sales reporting (e.g. for certification), best 

practices including yield estimation, site-specific functionalities, machinery management and human resources 

management (ibid.).There are many commercial offerings in this area, and even more for herd management and 

dairy farms. An indication of the vitality of the sector is provided in the survey of Fountas et al. (2015): 161 

systems across Europe and North America were identified, excluding dairy and greenhouse systems. Nonetheless, 

there are many challenges in this area, particularly to do with the lack of interoperability of data: “in European 

farming is that most data and information sources are fragmented, dispersed, difficult, and time-consuming to use” 

(ibid.). Furthermore, uptake is still limited, as the majority of farms in the EU are too small to justify the cost of 

investment in such technology. Finally, Fountas et al. (2015) note that the integration of crop models (widely used 

in research) has not yet occurred to a large extent in FMIS. 

 

The Open Data movement arose in the 2000s, partly driven by a desire for greater transparency concerning 

government activities, and partly out of the expectation that data made freely available would lead to economic and 

social benefits. There has been a flowering of open data availability across the world supported by such 

organisations as the Open Data Institute and the Open Knowledge Foundation. Much of the initial “open” data were 

either government datasets or academic data (publications and research datasets). There has been particular interest 

in the open availability of agricultural data (or data useful for the agri-food sector) and this was given a further 

boost by the G-8 leaders’ commitment to the New Alliance for Food Security and Nutrition (2012), which led to 

the creation of the Global Open Data for Agriculture and Nutrition
40

 initiative. This has supported the widespread 

development and uptake of open data for agri-food purposes, with many success stories being told of apps and tools 

being built to support farmers both in developed and developing countries
41

. The free availability of the Copernicus 

data from the EC follows fully in this paradigm. Recently, there are signs of interest from commercial organisations 

to make data open and available (e.g. the Syngenta Good Growth plan dataset). The availability and accessibility of 

open data is largely dependent on appropriate standards to follow both to describe the datasets and to annotate the 

data. 

 

Linked Data is a technology stack that arose out of the semantic web (Bizer, Heath, & Berners-Lee, 2009) and the 

Open Data movement. The fundamental idea is that data are being represented in the form of RDF triples and use 

common identifiers with reference to specific ontologies. By using common identifiers, data can be interlinked, and 

queries performed across distributed datasets. Much of the work in linked data focussed on “Linked Open Data” 

(LOD), which was driven in large parts by the need to integrate heterogeneous data sources in life science research 

and the desire to construct Open Data that could be reusable for a variety of purposes (Heath & Bizer, 2011). The 

Linked Data paradigm has been much promoted for government data as well (Wood, 2011), including agricultural 

datasets, and for the agri-food domain mostly with regard to agricultural research data (Pesce, Geser, Caracciolo, 

Keizer, & L’Abate, 2013; Pesce, Maru, Archer, Malapela, & Keizer, 2015). There is also recent work on using 

formal ontologies about products with PDO specifications to publish Linked Data about government policy 

concerning those products (Peroni, Lodi, Asprino, Gangemi, & Presutti, 2016). The Netherlands provide a good 

example of Linked Open Data focussing on geodata with a SPARQL endpoint
42

. 

 

While Big Data is more of a buzzword than a specific technology, the increasing availability of very large 

quantities of data, of considerable heterogeneity and at ever-increasing speeds of update, has given rise to 

considerable discussion as to its impact on the agri-food sector. Food and agriculture are quintessential “big data” 

domains, and areas such as food retail have had a long history of CRM focussed data analytics dealing with very 

large scale data warehouses providing extensive opportunities for business intelligence based on the data collected 

from customers (Bradlow et al., 2017; Ngai, Xiu, & Chau, 2009). Although some authors view “big data” playing a 

significant role in agriculture (Wolfert et al., 2017), as this does not form a basic technological category, it is 
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unsurprising to see a move by companies towards the use of the term “AI” instead (with the intended meaning of 

“machine learning” or “deep learning”), which at the time of writing (late 2017/early 2018) has become the latest 

buzzword. The interest in “Big Data” has provoked wider discussion of the ethics and governance models around 

data (e.g. digital charter in Switzerland)
43

, especially as there are inevitable imbalances of power between large 

corporations and individual farmers (Carbonell, 2016). 

 

Data standards are essential for any information system where data are intended to be shared between different 

organisations or participants and as such are central to the development of ICT in the agri-food sector (Scholten et 

al., 2016). For the distinction between syntactic (typically in XML) and semantic standards (such as ontologies), 

and between messaging and ontological standards, see Brewster (2017). The food and agriculture sector has a 

surfeit of standards but a relative lack of consistent uptake and adoption across participants. Examples of these 

standards include AGROVOC (used largely for the annotation of academic publications), animal identification 

standards and the more generic Schema.org
44

. EDIFACT is widely used in Europe according to a number of 

sources
45

 and supermarkets have been ever more insistent that their suppliers are EDI capable. Another important 

standard is the GS1 EPCIS standard
46

, which is intended to “enable disparate applications to create and share 

visibility event data, both within and across enterprises”. In practice, “visibility” means the ability to track and trace 

objects (including all food products) along the supply chain. There is also a considerable body of work building 

ontologies for the food and agriculture domain, which has gone hand in hand with the development of Linked Data 

(and LOD) in the agri-food domain. The major effort here has been AGROVOC developed by the FAO and 

maintained by a network of institutes around the world (Rajbhandari & Keizer, 2012). AGROVOC has now been 

partially mapped onto the US National Agricultural Library of the USDA and the CABI thesaurus in the form of 

the GACS ontology that has mapped and integrated the top 15,000 concepts
47

. Other recent work in this area has 

also focused on developing ontologies for sharing of research data including the Crop ontology initiative
48

 and 

FOODON
49

. The latter integrates a number of existing ontologies but its focus is again on research and clinical 

data, although its ambition is to provide a mechanism for data integration across the food system. A major 

challenge has been the lack of integration between different farm machinery manufacturers and the consequent 

difficulty of obtaining an integrated view of a farm. Most major manufacturers (such as John Deere, Kverneland, 

Laval, etc.) provide apps and web interfaces to the data collected from a farm rather than use existing standards to 

enable data integration directly between farm machinery and the FMIS. 

 

While social media is in 2017 an established technology in many areas of business and human activity, its growing 

importance in the food and agriculture sector is worth mentioning. Twitter and Facebook have proven to be of 

immense significance for farmers as a means to communicate while they are working on the field, on the tractor. 

Communication occurs between farmers – there are cases of advice being provided by farmers located on different 

sides of the globe – and communication with other participants in the food system, especially consumers who are 

usually unaware of the nature and challenges of food production. An example of the latter is “Farmer of the Week” 

in different countries
50

 where a farmer takes over a persistent Twitter account for a week and reports on all their 

daily activities. Twitter also plays a significant role in some countries with weekly “AgChat” or “AgriChat” 

sessions
51

 (e.g. on Thursday evening), enabling different members of the food system to have a conversation on a 

topical issue of the day. At the retailer end of the system, social media is mostly used for promotions and for 

customer relation management; for example, when customers complain about products (Ramanathan, Subramanian, 
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& Parrott, 2017; Stevens, Aarts, Termeer, & Dewulf, 2016). There is some limited use of social media as a type of 

human sensor to track food crises or integrity issues (Johnston, 2017). YouTube has also an important role, with the 

creation of channels by farmers
52

 but also for farmers, such as the FIBLFilm that is a channel of a research institute 

giving advice or making documentary regarding organic agriculture
53

. 

 

There are other technologies as well, that are important to the future development of ICT in agri-food. Here, we 

mention Blockchain Technologies (BCT) (or distributed ledger technologies) as they have received a lot of 

attention since 2014. BCT provides opportunities to disrupt traditional products and services due to features such as 

removing the need for a trusted third party, the permanence of the blockchain record, the distributed, decentralised 

nature of blockchains, and the ability to run small programmes (otherwise known as smart contracts). Several 

authors and start-ups have proposed that this technology may play an important role in the agri-food system. 

Provenance.org, a UK start-up, has proposed to use this for tracking and tracing (Steiner & Baker, 2015) based on 

the Ethereum blockchain (cf. below Section 4.1.7). In a very similar manner, Versetti and Meyer (2017) of 

Foodblockchain.xyz (now rebranded as Ambrosius) propose to solve all tracking and tracing problems by recording 

transactions on the Ethereum blockchain. Weston and Nolet (2016) identify three areas in agriculture where BCT 

could be used: provenance and radical transparency; mobile payments, credits and decreased transaction fees; and 

real-time management of supply chain transactions and financing. With respect to provenance and transparency, 

they argue “the value of blockchain here is its ability to make the supply chain entirely transparent and rich with 

immutable provenance data from farm to table”. Walmart is currently running experiments to use this technology 

for tracking and tracing in the pork sector in China, in collaboration with IBM and based on the Hyperledger Fabric 

technology, a response to greater pressure to improve food integrity in the Chinese market (del Castillo, 2016; 

Higgins, 2017). A start-up has proposed to certify the authenticity of Italian wine on a blockchain (Tomasicchio, 

2017). Agriledger is using BCT to provide an immutable register for supply chain finance and transactions for 

farmers in Kenya and New Guinea
54

. 

 

Current BCT has a number of limitations that put these ambitions into questions. Transaction throughput on 

blockchains like Ethereum are currently about 20 per second, which is far too slow for most practical applications. 

Most proposals involve using hashes of data and placing those on the blockchain, in which case the only utility of 

BCT is in showing that transaction x at time t has not been changed at a later date. Using hashes makes search in a 

blockchain dataset impossible and thus there is no real “radical transparency”. Much effort is being expended 

currently to scale-up BCT, so that it can handle real-life data transactions; the applicability of the technology to the 

food system depends on this succeeding (Croman et al., 2016; e.g. McConaghy et al., 2016; Vukolić, 2015). 

Another challenge is squaring the circle between total transparency across the supply chain provided by blockchain 

technology and the need to protect business confidentiality and even personal privacy. 

6.4. European research initiatives 
The wider funding landscape for digital agriculture 

Investment in the application of ICT to the food and agriculture sector has been transformed in the past 15 years. 

While there were some projects related to what we would now call “digital agriculture” or “smart farming” under 

the EC’s FP6 programme, we would argue that the ICT-AGRI project has been very influential in making ICT a 

topic of interest in the EC’s FP7 and H2020 research programmes. Beyond the many different individual projects 

of relevance, here we will mention some of the major programmes and projects: 

 

● Towards the end of FP7, the EC decided to fund the Future Internet Public Private Initiative with 

approximately €500 million to support the development of “future internet” capabilities. Unusually, it was 

decided to dedicate funding to agri-food as a potential domain of application and this led to the funding of 
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two major projects totalling over €35 million of funding in the 2011–2015 period (Smartagrifood, 

FiSpace
55

). 

● One of the characteristics of late FP7 funding and the H2020 programme has been a turn towards extensive 

support for SME, often in the form of dedicated instruments (calls) and “accelerator” projects centred 

around cascading funding. There have been a number of these in the ICT for the agri-food space, including 

Smartagrifood2, Finish Accelerator and Fractals projects
56

. 

 

While historically DG Agri has not had as its focus ICT developments for agriculture, this has gradually changed 

with a significant shift in funding especially in the H2020 framework programme towards supporting the use of 

ICT in agri-food as well as the wider ecosystem necessary. This has been evident in the collaborative funding 

within H2020 by DG Agri and DG Connect/DG Research of the IoT large-scale pilot in smart farming with over 

€30 million funding (IOF2020 project)
57

.  

 

The national funding landscape has also changed substantially in the last 10 years. For example, in the UK, after a 

long period of little or no investment in precision agriculture and related technologies, the UK Government 

announced in 2013 £160 million investment in “agritech”. This investment included the creation of centres of 

excellence, namely Agrimetrics for agricultural data (in 2015), and the Agricultural Engineering Precision 

Innovation Centre (Agri-EPI) (in 2016)
58

. In France, in 2015, the ministry of agriculture published a national action 

plan, AgricultureInnovation2025
59

, which included 12 proposed projects, including 45 actions
60

 for the 

development of new technologies in agriculture. One of these consecutive actions was the launch of a chair of 

digital agriculture, AgroTIC, in the national agriculture school SupAgro in Montpellier in 2016. In the same year, 

the “Institut de Convergence Agriculture Numérique” (#Digitag) was funded at Irstea, Montpellier to integrate 

precision farming and data-driven agriculture in France
61

, as part of the above-mentioned action plan. Similarly, in 

Switzerland, the theme of digitalisation and new technologies has been defined as a priority in the “Digital 

Switzerland” Strategy
62

, leading in the domain of agriculture to the creation of a “pool centre” for smart farming in 

the Swiss agricultural research station at Tänikon
63

. On a policy level, a digital charter describing good practices 

was recently established
64

 and the data-sharing platform Barto was created
65

. Greece, in spite of its economic 

difficulties, has announced national investments in the “digital development of the agricultural sector” of over €33 

million in 2018
66

. There have been parallel initiatives in many other European countries, reflecting a global upsurge 

of interest in this area. Globally, there have been major commitments and investments in the USA and in China, 

from organisations such as the Gates Foundation, and development funding agencies such as USAid and DFID as 

well. 
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ICT-AGRI project mapping 
 

ICT-AGRI performed in 2016 a mapping of projects within ICT and robotics in agriculture. The mapping was 

made manually by the ICT-AGRI partners as a simulation of an automated collection of project data from 

funding agencies. The underlying idea is that meta-data on grants given by national as well international 

funders could be a valuable source of information. The mapping resulted in information about 530 projects, 

which is largely complete concerning EU-funded projects, while the completeness on national projects vary 

greatly from country to country. The overall goal of the funding of these projects is to promote, in a broad 

sense, digitisation in agriculture and food, but the means to obtain this goal and the targets of the initiatives 

are different.  

 

This section provides overview of national and EU-level initiatives to support the development and 

implementation of ICT in agriculture. A framework for categorising initiatives by their means and targets for 

supporting digitisation in agriculture is suggested. The framework could be used for estimating the volume of 

support in different initiative categories and ultimately for measuring the impacts of different initiative 

categories. This is, however, beyond the scope of the current report, apart from some examples.  

 

Categorisation of the funding and collaboration initiatives according to instruments and target groups is as 

shown below: 

 

1. Agricultural research. 

2. Technological research and development. 

3. Bottom-up projects reflecting end-user needs. 

4. Coordination of European players/stakeholders. 

5. Support to private enterprises, especially start-ups and SME’s. 

6. Support to farmers. 

 

1. Agricultural research (impact by enlarging and improving the agricultural knowledge base) 

Agricultural research related to digitisation is mainly focussing on the decision rules required in Decision 

Support Systems (DSS). Scientifically based decision rules are required for the realisation of the potential 

benefits of data from emerging new sensors. There are therefore two stages in agricultural research related to 

digitisation: 

 

● Achievement of agricultural knowledge in the traditional format of publication in scientific journals. 

● Transformation of agricultural knowledge in journal format into machine-readable decision rules 

covering the complete value room of the sensor data. 

 

Examples of this kind of work can be found in DSS for crop protection based on weather data, which have 

been collected over the last 30 years. For newer types of sensor data, agricultural research may be less 

advanced. Developers of DSS based on new sensor data will often leave it to the user to define the decision 

rules. Agricultural research related to digitisation is often combined with technological research and 

development. 

 

2. Technological research and development (impact by enlarging and improving the technological 

knowledge base) 

Technological research and development (R&D) is a diverse area, the main areas being measuring (sensors), 

data import and storage, user interaction, and data export to automated machines. R&D is not specific for 

agriculture, except for some sensors, and most of the work in this area with an agricultural stamp is about 

application of technology in an agricultural context. Most of the work in this area is within Internet of Things 

(IoT) technology.  
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ICT-AGRI project mapping (2/3) 

 

3. Bottom-up projects reflecting end-user needs (impact by increasing the relevance of ICT 

solutions) 

In H2020 there is an attempt to make EU projects more effective by involving all parties in the agricultural 

and food ecosystem, especially the end-users. This approach, termed the “multi-actor” approach, was initially 

trialled in the agriculture and forestry projects from 2014
1
, and has now spread across H2020 project work 

programmes. Many calls, especially in agriculture, include the statement that “proposals should fall under the 

concept of multiactor approach”. This way of building-up research collaborations has been supported by the 

EIP-AGRI initiative where they have a system of “Organic Groups”. Some institutes, such as the ETH Zurich 

from Switzerland, created methods and toolkits to better understand and involve end-users
1
. 

 

4. Coordination of European players/stakeholders (impact by improving the awareness of ICT 

solutions, business models, etc.) 

Coordination of projects attempts to bring players together and to collect and publish information on a specific 

area. Standardisation needs coordination to achieve impact on an international level. 

 

5. Support to private enterprises, especially start-ups and SMEs (impact by stimulating the supply 

of ICT solutions) 

The idea is to stimulate the providers of ICT to the agri-food system with access to technology and direct 

economic support to front-runners. This often focuses on start-ups and SMEs. An example on EU-level is the 

Future Internet Public-Private Partnership, which developed easy access to advanced Internet technology 

(FIWARE) and supported about 100 SMEs and start-ups in three accelerator projects within agriculture and 

food. Business development is also very popular in national programmes, usually not exclusive but open for 

agriculture and food. 

 

6. Support to farmers (impact by direct motivation of farmers) 

On the EU-level the Common Agricultural Policy (CAP)
1
 and at the national levels subsidies to investments 

in new technologies. The implementation of the CAP and national regulations has led to public investments in 

ICT infrastructure and data (e.g. data about field boundaries, crops, cattle movements, etc.) that are made 

available for other purposes. There is a growing number of ICT applications based on Open Data coming from 

regulations. Farm investments in precision farming could be rewarded with less restrictive nitrogen 

fertilisation regulation. In Denmark, for example, farmers can be allowed higher nitrogen fertilisation if they 

implement a certified environment protection instrument (e.g. leading field drainage through a mini wetland 

area). Work is in progress to certify precision farming as an environment protection instrument. 

 

Quantification of support initiatives per type of impact 

The ICT-AGRI mapping of projects within ICT and robotics in agriculture is used as a source for estimating 

the number of support initiatives per type of impact. This gives only rough estimates, as the data are not 

perfect for the purpose. The projects were not tagged with impact category (outlined above) when the data 

were entered into the database. The categorisation is done on the funding agency level, which is a manageable 

task. Coordination projects are, however, identified on the project level (only EU projects, as we assume there 

are few such projects at a national level). Volume is estimated by number of projects, although there is a large 

variation in project budget. The data structure includes project budgets in fact, but this information is missing 

in many cases. It was not possible to distinguish between agricultural R&D, technological R&D and bottom-

up projects. Support to farmers is not applicable for projects.  
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ICT-AGRI project mapping (3/3) 

 

The results are shown in Table 1. The distribution of projects on R&D versus support to enterprises is 

inverse in national and EU projects. However, about 120 of the EU-supported projects were in three Future 

Internet accelerator projects with quite small grants and short duration. If these are taken out of the 

comparison, the distributions are quite similar. EU R&D projects tend to become very large and probably 

much larger than national R&D projects. 

 

Table 1: xxx 

Project Size National Projects EU Projects 

Agricultural R&D 156 63 

Technological R&D 

Bottom-up 

Coordination  10 

Support to enterprises 49 159 

Support to farmers n/a n/a 

 

In principle, estimation of impact is more straightforward for support projects, because a good indicator is 

the business success of the supported enterprises, which can be obtained from the enterprises. Also impact 

from technological support can be estimated, for example by application of FIWARE technologies. 

However, in practice, it is hard to obtain accurate figures to determine how successful the EC and national 

support has been in creating an ecosystem of digital agri-food enterprises, just as it is quite difficult to 

identify which technological developments have had the most uptake in digital agri-food. Anecdotal 

evidence suggests that the combination of FP7 and H2020 funding has helped to kick-start a revolution in 

the creation of many digital agri-food enterprises around Europe. Furthermore, substantial impact has 

derived from the availability of Open Data such as Copernicus satellite imagery. Initiatives such as 

FIWARE have not resulted in the expected level of uptake and have instead provided indirect seed funding 

for start-ups. 

 

Impact from R&D projects on digitisation in agriculture is not easy to estimate. There does not seem to be a 

common European route from R&D to applications, as for example a high production of open source and 

free software within the agricultural area. For example, it is not well known how producers of DSS obtain 

the required decision rules. It is most likely that decision rules spread locally from research institutes to ICT 

providers. In addition the developers of DSS systems invest time and effort in reading the academic 

literature on crop models or vulnerability to pests, to support the software design. The utilisation of R&D 

for digitisation in agriculture may appear to be inefficient, but this is largely due to track record of under-

investment in digital agriculture as well as limited disposable funds for investment in new technologies 

until now. 
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7. Current and future challenges for ICT-AGRI adoption 

For ICT-AGRI, the adoption of new technologies is a significant challenge. Although ICT and robotics as 

technologies have developed immensely in the last two decades (as described in Section 4), adoption is still very 

low both in the EU and globally
1
. Several organisations, such as the OECD and UN Global Compact, are currently 

concerned with this aspect and many public organisation are concerned regarding this thematic. For this reason, this 

report is focusing in the current chapter on the different known challenges encountered in adoption of new 

technologies in agriculture and food systems. Some solutions have already been discussed and different workshops 

have been held, but definitive answers have not been reported yet. The aim of this part is to highlight the current 

challenges to orientate the future research that will find solution to answer these challenges. 

7.1. Economic challenges  
As a result of the development of the Digital Single Market, some authors have suggested that Big Data among 

other technological developments will cause major shifts in roles and power balance among different players in 

current food supply chain networks (Wolfert et al., 2017). The landscape of stakeholders exhibits a complex 

dynamic between farmers, cooperatives, tech companies, venture capitalists and often small start-ups and new 

entrants, with much of the dynamic centring around the production, access and use of data. At the same time, there 

are many public institutions that are publishing open data (cf. discussion in Section 4), on condition that the privacy 

of individual citizens including farmers is guaranteed. This future of smart farming will develop somewhere on a 

continuum between two extreme scenarios: 1) closed, proprietary systems in which the farmer is part of a highly 

integrated food supply chain or 2) open, collaborative systems in which the farmer and every other stakeholder in 

the chain network is flexible in choosing business partners as well for the technology. The further development of 

data and application infrastructures (platforms and standards) and their institutional support will play a crucial role 

in the battle between a number of possible scenarios. One of the most important areas of development will be the 

manner in which new business models develop for the agri-food sector, especially by the farmers. 

What is the challenge? 

Numerous articles, reports and reviews emphasise the importance of digitalisation in the agri-food sector. In the 

final report of the EIP-AGRI Focus Group on Precision Farming, the group clearly states that “new business models 

for data management are needed; sharing and open-data sources should be developed to bring Precision Farming 

to the next level. The recognition of data ownership is crucial. Portals that can facilitate the exchange of data are a 

prerequisite” (EIP-AGRI, 2015). With the introduction of precision farming in agriculture, the sector is evolving 

into a more service-oriented environment with “knowledge” being exchanged via a variety of management support 

systems. Machines are no longer only relieving farmers of hard labour, they also tend to collaborate with other 

devices and progressively take over the decision process within daily operations. Data have been described as the 

“new oil” as a metaphor for the value they represent across industrial sectors, including agriculture. 

Interconnectivity (IoT networks, 5G, etc.) will be the new pipeline grid to transfer this oil. New service-oriented 

business models are needed in order to translate data into knowledge to feed today’s machines with yesterday’s 

findings. The ultimate goal is to have real time feedback loops with instant decisions based on computer 

algorithms. To make that work, multiple stakeholders are involved and their roles vary from data provider to data 

agent to data processor to data validator. van’t Spijker (2014) describes five Business Model Patterns to leverage 

the value of data in organisations: 

1. Basic Data Sales. Companies create data in their primary process, package this data into a feed and sell 

it in a single transaction or a subscription. For example: Farmobile
67

 (Kansas, US) claims that “one farmer 
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earned $17,952 for his Electronic Field Records in 2016”. As long as a farmer is already a subscriber to 

their data products, there is a relatively straightforward process for signing up and in theory you earn 

US$1/acre. The farmer can subscribe to various different products starting from US$750/year. Homologa
68

 

is another example that collects MRL data from around the world, and organises and processes that data for 

sale to farmers and cooperatives. 

2. Product Innovation. Companies create new products or services based on the data they generate in their 

primary process. Typical examples are the agricultural machine manufacturers like Amazone
69

, Claas, 

Krone, Horsch, John Deere and CNH, which add services such as predictive maintenance, adaptive driving 

based on soil conditions or GNSS based applications for precision steering due to the data they collect from 

their machines. 

3. Commodity Swap. Commodity providers offer their original products (e.g. agriculture machinery) at a 

discount or even for free (unlikely in this sector), but charge for extra services provided in combination 

with the commodity products. The German initiative 365FarmNet
70

 presents itself as an association of 

companies for farmers and partners. Founded in 2013, it promotes a holistic data-for-data approach and 

entered the market with the aim of supporting farmers in all aspects of farm management. So far, it is free 

of charge and the approach seems to stand somewhere between product innovation and commodity swap. 

 4. Value Chain Integration. Two companies exchanging (usually sensitive business) data to integrate 

parts of their value chains in order to save money or optimise business performance. In 2017, Cargill 

announced Dairy Enteligen™ demonstrating their ambition “to collect data and combine this disparate 

information from multiple software programs on one comprehensive platform”. It allows Cargill advisors 

and customers to make precise decisions on feed and farm management practices. This model seems to act 

as a value chain integrator of the farmer’s data. 

5. Value Net Creation. Multiple companies sharing the same customer exchange data in a “value 

network” with the aim to provide unrivalled service to the customer. In the Netherlands, 

SmartDairyFarming
71

 developed a digital highway for farm-generated data (Vonder, van der Waaij, 

Harmsma, & Donker, 2015). Stock management at herd level is not accurate enough to enable optimal 

attention for individual animals. Sensors, index figures and decision-making models can help farmers 

establish the precise needs of individual cows, and make the right choices. With the farmer’s consent, a 

data hub is used as a platform to release these data for a variety of applications.  

 

What business models are needed for the future? 

Data-driven applications in smart farming are closely connected to the socio-economic challenges to be addressed. 

The opportunity to extract value goes beyond primary production; it is influencing the entire food supply chain. 

Data correlations are being used to provide predictive insights in farming operations, drive real-time operational 

decisions and redesign business processes for potentially game-changing business models. Five important axes 

could be considered in order to capture the future data business models in smart farming: 

Axis 1: Access. Is the basic approach open for every stakeholder to join or closed in a membership only? 

John Deere has spent US$305 million to buy a robotics company, called Blue River Technology (Pringle, 

2017b). This start-up makes agricultural robots capable of identifying weeds and other unwanted plants, 

and dosing them with high-precision sprays of herbicide. Albeit a good decision for John Deere, the 

acquired knowledge of Blue River Technology is no longer available for other manufacturers on the 

market, as it is locked-in the service data silo of its new owner. In parallel, Open Source efforts have 
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emerged on a worldwide scale even in agriculture (Young, 2016)
72

. Unfortunately, there are as yet too few 

agronomic service-oriented companies operating independently in order to create sufficient momentum in 

the Open Source community for a sustainable data ecosystem. 

Axis 2: Data source. Does the source rely on individual (raw, nominative) data that will fall under the 

General Data Protection Ruling or are data provided by an processor that already anonymised, cleansed, 

processed and/or aggregated data, making them GDPR proof? In agriculture, there is not necessarily a clear 

line between a farmer’s business data and data related to him or her as a person. As of May 2018, GDPR 

might pose a problem tackled in axis 4: who is the owner of the data? If data can be extracted directly from 

the farm, some parts can be considered to be personal, as the origin of the information is still connected to 

personal data of the farmer. In this case, it will be difficult to bring it to open platforms before thorough 

processing. Therefore, the farmers’ cooperative COPA-COGECA and associations of machine 

manufacturers such as CEMA have produced “codes of conduct” in order to achieve compliance with 

GDPR
73

. 

Axis 3: Data chain. If we consider the total value/process chain as being “from farm to fork”, do datasets 

capture parts of the process chain (e.g. only between two stakeholders) or does it cover all stakeholders (the 

whole supply chain or supply web)? Fragmented datasets are both a technical limitation and a reflection of 

economic choices. Opportunities exist in more than one dimension: horizontal integration will focus on 

joining more data sources for one specific item (data layers), whereas vertical integration will try to 

connect the total journey of the item (data chains). Irrespective of whether the data platform is open or 

closed, fully integrated datasets covering the whole process chain will be more valuable for a bigger 

number of stakeholders. They will offer more intelligence to decision-support systems to fine-tune certain 

actions – including the possible impact of those actions up and down the chain – in order to maximise the 

farm’s efficiency and profitability. 

The farmer’s adoption process of data-driven decision tools, however, might work better when taking 

smaller steps. In a more “show and tell” situation, fragmented datasets might make it easier for the farmer 

to understand what was done, the way it was processed and how the decision support system formed its 

recommendation. In this way, trust can be built for the farmer to compare his or her experience (if not gut 

feeling) with the outcome of a support system based on data.  

Axis 4: Ownership. Who is in the driver’s seat, is the individual farmer the data owner or another party 

(supplier, processor, cooperative)? For example, the Dutch economic press puts much attention on 

precision agriculture technology and data ownership. In 2017, the Dutch financial newspaper “Het 

Financieele Dagblad” published a series of articles with headlines such as “The farmer has the data but 

others are making money using it” or “Who profits from the farmer’s data?”, addressing the ownership 

question
74

. The GDPR redefines the rules of the game for “personal” data processing, but leaves a 

substantial grey zone between strictly personal and strictly business data coming from the farm (or any 

other data source for that matter). Looking at the business opportunity, a farmer’s individual data are worth 

very little if they cannot be correlated with other, related datasets in an ecosystem. However, most of the 

smart geo-apps, software tools and connected devices depend heavily upon data from many farmers in 

order to provide services, and those who gather the data will profit. Only large datasets, gathered over time 

and over as many sources as possible, will lead towards accurate agronomic decisions that are relevant for 

a paying customer. This evolution is going on in many other sectors such as “smart cities” with traffic 

control, parking management and crowd monitoring; social media with sentiment analytics, manufacturing 

with predictive maintenance; logistic planning with parcel delivery routings, and it will not be different for 
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agriculture
75

. In this new relationship, farmers, suppliers, distributors, cooperatives and food processors 

will need each other regardless of which party will claim the ownership of the extracted intelligence. In 

fact, only open, integrated ecosystems, where every stakeholder appreciates the input of all others, might 

become sustainable enough to be called a real and working “business model”. 

Axis 5: Value. Is the “currency” to exchange value rather focused on money or knowledge? Ideally, a 

business model should strive for value to be created and redistributed in a well-balanced way for all 

stakeholders in the game. Even when all parties have access to the same data ecosystem, there will be a 

substantial difference in on how they monetise their activities, seen that their core businesses are different, 

too. They will tap into other layers of the same data pool and transform it into a service in accordance to 

their own portfolio and expertise. Some parties will transform data into knowledge and others, with no 

direct return opportunities, will be compensated for making their data accessible. Friction might occur 

when too many parties develop similar services for comparable customers. Intrinsic competition is bound 

to reintroduce data silos. Anyway, sustainable trust will be the key in order to make the business model 

valuable over time.  

 

Although several initiatives have started to develop data platforms, the critical success factors for sustainable 

business models remain under debate. The majority of the existing models will play out along the five axes 

mentioned above. It is uncertain which models will have a smooth adoption and which will be disruptive for or 

forced upon farmers.  

 

What is mostly lacking are collaborative initiatives in public–private partnerships where real ecosystems are 

nurtured by farmers’, suppliers’, controllers’, processors’, retailers’, health providers’ and even consumers’ data 

collected and provided over an open value exchange infrastructure supported by all stakeholders in the grid. Tailor-

formed “consortia by objective” may be needed to develop new strategies by opening relevant data silos and 

unleash the real power of (big) data in multi-source correlation exercises. Performing farm management systems, 

including decision-support mechanisms and feedback loops, have the potential to tackle the Industry 4.0 challenges 

of integrated data value chains from farm to fork. 

7.2. Limitations and consequences of ICT  
Here, we briefly consider the various inherent limitations of ICT systems that may act as barriers to adoption and/or 

provide unintended consequences for farmers and stakeholders in general in the agri-food system. A key inspiration 

here is the vision that precision agriculture could (or should) achieve the same or even greater level of knowledge 

and understanding of the characteristics of a farm as traditional farms used to have (for example before WWII)
76

. In 

one possible scenario, there will eventually be extensive instrumentation of the farm and food system, with 

widespread use of crop models feeding prediction and decision-support systems in combination with data captured 

from a variety of sources feeding farmers, advisors and other actors. Here, we highlight various limitations and 

potential problems with such a highly instrumented approach to the agri-food system: 

 

● Security: Historically, a very large number of computer systems have been shown to be insecure and data 

breaches being regular occurrences
77

 (Lord, 2018), often leading to the release of personal and sensitive 

information. The GDPR is raising stakes here, as data breaches will be very expensive mistakes in the 

future, but this may also act as a significant break on enthusiasm for sharing data across the agri-food 

system. Architectures will need to be designed where personal (or personally identifiable) data from 

farmers do not leave farmers own data stores and only aggregated or pseudonymised data are shared with 
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other actors
78

. The argument can be made that food and farming data is of relatively low interest to illegal 

hackers due to their relatively low value (hard to use farm data for extortion). Nonetheless, the occurrence 

of such data breaches could make the sharing of data or any business models around data more difficult to 

realise. 

● Absence of compatibility and lock-in: There is a strong tendency for IT companies to promote systems 

that engender lock-in to their system and oblige the end user only to use one system. This has been 

attempted with varying degrees of success since the inception of the computer age. Unless there is a 

coherent and continuous focus on compatibility between systems (standards, interoperability and data 

ownership), farmers and other actors will easily become locked into different systems and this will stifle 

innovation apart from provoking strong resistance to adoption. Another form of this can be found in the 

new hi-tech tractors that depend on software systems to function. There is growing resistance in the USA to 

tractors that cannot be fixed except by the company sending out a special technician, both at great expense 

and after a long wait. Farmers are getting bootlegged software from the Ukraine to be able to fix their 

tractors themselves (Koebler, 2017). 

● Potential for monopoly and centralisation: Wu (2010) has shown how nearly all information 

technologies since the invention of the telegraph (telephone, radio, television, Internet, etc.) have tended to 

go through an early exuberant phase leading to a gradual consolidation resulting in a monopoly of just one 

or very few providers. This is due to the economies of scale that information technologies allow and also 

importantly the network effect (Wu, 2010). The digitisation of the agri-food sector exposes it to exactly 

those dangers that Wu identified. There is already much opposition to the consolidation that is occurring in 

farm input companies (a current spate of mergers is reducing seed and input companies to only four global 

players) (Moldenhauer & Hirtz, 31. October 2017) and it is widely recognised that both Amazon and 

Google have eyes for the food and agriculture sector (Bhattarai, 2017). Monopoly and centralisation are 

likely to have detrimental effects on crop diversity and increase the industrial (un-sustainable) approaches 

in agriculture. Strong regulation is needed to protect small-scale agriculture in the face of digitisation of the 

sector. 

● Smart farming vs. smart cities – the dangers of high modernism: Smart farming is term frequently used 

to indicate the next step beyond precision agriculture. There are strong echoes of the concept of “smart 

cities” in “smart farming” and there has been significant criticism of smart cities from technical, creative 

and democratic perspectives (Greenfield, 2013). One of the key challenges identified by Greenfield with 

smart cities is overspecification, i.e. the belief that the designer can anticipate all the uses and applications 

for which a system can be used in advance. This intimately related to high modernist ideals of order and 

organisation being imposed on modern cities (especially by Le Corbusier). For ICT to be effective in 

agriculture and the food system, it must retain fluidity and adaptability, remain aware of the huge variety of 

ecosystems, micro-climates, crop variety and soil types across any environment it is deployed and not 

expect or impose a “one size fits all” set of assumptions.  

● Overdependence and deskilling: Currently farmers are forced to pay attention to their fields, their crops 

and the environment in which they operate. There is strong tendency for users of ICT systems to trust the 

system rather than their own senses and this often leads to problematic outcomes. One issue to consider 

carefully is how to avoid eventual dependence of farmers on fundamentally brittle software systems that 

may or may not be sufficiently well designed to adapt to changing weather, climate and other conditions. 

Furthermore, in this process there is a strong likelihood of deskilling certain types of farmers, as expertise 

is transferred from the individual to the software system. It is unclear at this stage what the consequences 

will be and whether this will be an unmitigated positive result. 

 

Our intention here is merely to highlight certain issues that are worthy both of further academic research but also 

need to be considered as we proceed with the further digitisation of the agri-food system. These are issues that need 

to be raised in such fora as the EIP-AGRI or other venues for the sector to develop coherent strategies and to 

mitigate any unpleasant consequences. 
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7.3. Policy adaptation 
 

Having reached the middle of its mandate, the European Commission has published the mid-term 

review of its Digital Single Market strategy on May 10, 2017. It takes stock of the progress made, 

calls on co-legislators to swiftly act on all proposals already presented, and outlines further actions 

on online platforms, data economy and cybersecurity. Since May 2015, the European Commission has 

delivered 35 legislative proposals and policy initiatives as announced in its Digital Single Market 

strategy. The focus is now on obtaining political agreement with the European Parliament and the 

Council on all proposals, above all the updated EU telecoms rules which will boost investments in 

high-speed and quality networks, which are critical for the full deployment of the digital economy and 

society. (European Commission, 2017) 

 

In order for the “Digital Single Market” strategy to succeed in some sectors, a variety of policy and regulatory 

adjustments will need to be made. One example of such an action has been the institution of the GDPR regulation, 

which both affects agriculture directly but also significantly impacts the business models of certain participants in 

https://paperpile.com/c/MMcLjg/Z9Vq
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ICT-AGRI survey on adoption 

 
In order to provide a basic assessment of the current challenges, and because these issues concerns all 

stakeholders, the ICT-AGRI project conducted a questionnaire-based survey. The Network Management 

team and the Expert Advisory Group of ICT-AGRI defined a list of current and future (i.e. in the next 10 

years) challenges that ICT in agri-food (such as GNSS in precision agriculture) will face in getting adopted by 

the EU agriculture and food systems. A questionnaire containing 15 questions and taking less than 5 minutes 

to answer was developed. The aim of this questionnaire was to present the challenges identified by ICT-

AGRI, and quantify the importance of these challenges, as well as asking for other possible challenges. The 

questionnaire was disseminated to all ICT-AGRI stakeholders and during ICT-AGRI events in 2017 

(sometimes discussed during a workshop). 248 individuals from diverse backgrounds participated (see Figure 

3) in the online questionnaire and around 60 individuals during the workshops. As can be seen from Figure 4 

all the challenges covered in this SRIA were defined as challenging (from moderately to extremely) and all 

proposed challenges were covered in the ICT-AGRI list.  

 
Figure 3 Background of the 248 participants of the survey 

 

Figure 4: Importance of the challenges regarding ICT adoption in agriculture and food systems 
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the food system. Here, we point to just three such areas where further work needs to be undertaken. There will 

surely be many more.  

 

● Broadband access: There are still significant geographical regions where network access is inadequate for 

many precision-farming tasks (Michalopoulos, 2017). 4G coverage is very poor in many rural areas, and 

while WLAN (LoRA and SigFox) provide alternatives, both are low bandwidth solutions that cannot help 

with, for example, transmission and processing of complex NDVI images. Regulatory or policy support in 

this area is crucial if network access is not to become a barrier for the adoption of digital agriculture. While 

there have been efforts in this area, current results are highly uneven across Europe. 

● UAV regulation: As we noted in Section 4, there is considerable variety in regulations concerning the use 

of UAVs/drones for agricultural purposes, for example in some places allowing crop spraying and in others 

not. This is a good example where more uniform regulation in a nascent industry would allow greater 

uptake and cross border development. 

● Data ownership and control: The GDPR is having a major effect in perceptions and (hopefully) practices 

concerning data ownership and control. However, if data are not to become another occasion for farmers to 

lose added value from the system, there will need to be coherent regulation that protects the farmer from 

data aggregators or protects them from giving away the data too easily (as individuals have done until now 

to Facebook). 

 

7.4. Farmers and the social dimension 
ICT tools and associated technologies such as Internet of Things (IOT) and Big Data need to be considered as 

valuable tools in striving for more sustainable agriculture and food systems. In line with this digital revolution, the 

practice of farming and food production is expected to change dramatically in the coming years and decades. As 

such, we have to question what the impacts will be for the farmer and the farming community as a whole. The 

digital revolution will transform the way farms are managed and operate. However, adoption of promising digital 

technologies is slow. Too often, ICT tools are built to develop impressive solutions for issues at stake without 

taking into account social aspects and demands from the start. In this section, we try to summarise the issues at 

stake. 

First, end-users need to see the value of ICT in addressing their demands. Using such technologies is very 

promising for a variety of end-users. Primarily, it is expected that farmers will increasingly be making their 

decisions based on feedback from data coming from the farm, using targeted and precise information and 

knowledge that has been generated in real-time and in a local-specific context (Wolfert et al., 2017). They will be 

able to save time and achieve greater efficiency in their day-to-day routine. Furthermore, consumers are becoming 

more concerned about food safety and nutritional aspects of food related to health and well-being (Tong, Hong, & 

JingHua, 2015).  

 

Second, next to the technical issues, major governance issues arise for big data applications. For example, 

achieving agreements on responsibilities and liabilities become challenging for business processes (Wolfert et al., 

2017). When data are gathered at the level of the farm and accumulated at the super-farm level (chain, sector or 

industry), extra value does arise. However, together with this extra value, many questions related to ownership and 

data governance arise, which need to be addressed. “How to ensure privacy and security?” is one of the biggest 

challenges (Lesser, 2014). Mainly in the USA, a growing number of initiatives address or ease privacy and security 

concerns, e.g. the Big Data Coalition (Haire, 2014), and AgGateway (AgGateway, 2017).  

Third, demographics and the profile of the current “EU farmer” are most probably a major reason for the lack of 

adoption of IT and IoT technologies in the agricultural sector. Family farms are by far the most common type of 

farm in the EU, encompassing a wide range of agricultural holdings: 

-  from small, semi-subsistence farms with only family workers and farms that have to rely on other gainful 

activities for a diversified source of income, 

https://paperpile.com/c/MMcLjg/sFZh
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-  through to much larger, more productive farms that nevertheless maintain family management (Eurostat, 

2016a).  

Furthermore, current farmers are mostly not digital natives. The fact that a high proportion of farms with only 

family workers are managed by persons aged 65 or over (32.3%), or by persons aged 55–64 (24.7%), is most 

striking (Eurostat, 2016a). Nevertheless, the profile of the farmer can be very divers and is ranging from young 

alternative farmers, to traditional mostly aged farmers and the more innovative or technical profiles. Furthermore, 

we want to mention other human barriers for adopting IT and IoT technologies often occurring within the 

agricultural community. Farmers tend to distrust what they cannot see (the issue of trusting the tool) and mainly 

follow their peers (the subjective norm). Next to the human barriers, the geographic remoteness of many farms, 

especially in eastern European countries, is a major technical barrier for adopting new technologies. The trend is 

changing, however, and more farmers are getting connected today, especially the younger generation that will drive 

the industry in decades to come. 

 

Need for action 

In this section, we present a partial list of possible actions that can address the aforementioned issues at stake. They 

are focused on increasing adoption rates of ICT tools and IoT technologies. 

First, a multi-actor approach is of great importance to support a better interaction between tool developers and end-

users in ICT. There are three major reasons for implementing a participatory approach with multiple stakeholders: 

1) the cognitive argument (they know a lot), 2) the normative argument (they need to decide and make choices) and 

3) the instrumental argument (the need for creating ownership). 

Using this approach, tool developers should be able to address the following questions: 

1)  what is the right level of end-user (farmer, advisor, company, policy, etc.) for the problem to be solved? 

2)  what is the right end goal for the tool from the start, based on needs of the selected end-user? 

3)  what is the right knowledge and what choices do we have to make? 

Second, a big unexplored field of ethics needs to be addressed thoroughly. Building and guaranteeing trust with 

farmers should be a starting point in developing applications (van’t Spijker, 2014). New organisational linkages 

and modes of collaboration need to be formed in the agri-food chain (Sonka, 2015). It needs to become a common 

practice to sign data exchange agreements on ownership in order to control data flows between farmers and 

agriculture technology providers. Such agreements needs to address questions such as: how can farmers make use 

of the application? Where do the data come from? How many data can we collect? Where are they stored? How do 

we make use of them? Who owns these data? Which companies are involved in data processing? 

  

Third, knowledge transfer has in the past been conceptualised as a rather linear process. New research-based 

knowledge is passed on to farmers in the form of advice and recommendations, in order to fine-tune the way they 

farm and manage their enterprises. However, a changing context with respect to extension, markets and challenges 

has initiated a more complex system of knowledge exchange. Rather than a linear model of innovation, this is 

envisaged as a set of networks, in which innovation is “co-produced” through interactions between all stakeholders 

in the food chain, called an AKIS – Agricultural Knowledge and Innovation System (EU SCAR, 2012). Research 

on the adoption and diffusion of innovations has consistently confirmed that one of farmers’ most commonly cited 

sources of information and ideas is other farmers (Rogers, 2003). Farmers and small-scale foresters tend to be most 

influenced by proof of successful farming methods by their peers (Hamunen et al., 2015; Kilpatrick & Johns, 2003; 

Schneider, Fry, Ledermann, & Rist, 2009). In industrialised countries, however, this collaborative learning has 

become increasingly marginalised. Industrialised agriculture has drawn more individual farmers into supply chains 

where they often act more as competitors, in order to achieve a low-cost strategy. This has contributed to a 

weakened collective culture that cannot sustain such learning through dialogue in many industrialised countries 

(Bell, 2004). Therefore, educating farmers on the topic of ICT tools and IoT technologies, peer-to-peer knowledge 
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exchange within a context of AKIS and supporting collaborative, cooperative structures for farmers is essential for 

ICT innovations to succeed in this area. 

7.5. The role of consumers 
In the past 20 years, consumers have embraced the digital revolution. This is because digitisation of markets 

replaces the “middlemen” or gatekeepers to products and services, allowing the customers and suppliers to interact 

more seamlessly, increasing choice and reducing prices. The travel industry is an example of such a phenomenon. 

Twenty years ago, customers had to visit their local travel agent who would offer them a selection of flights and 

hotels. The choice available depended on the travel agent’s willingness to give time to a full search and on their 

network of suppliers. Costs were high, choice was limited and quality was variable. This has been revolutionised 

due to four main phenomena:  

- the growth of online retailing whereby airlines and hotels now sell directly to the public via their websites; 

- the introduction of new marketplaces such as Airbnb that allow very small operators to connect with 

customers worldwide; 

- the availability of free-to-use comparison sites that combine flight opportunities from most airlines to allow 

consumers to easily choose the most appropriate flight; 

- and user-generated content websites such as TripAdvisor that allow consumers to determine the quality of 

hotels based on multiple independent sources. The result has been a huge reduction in costs and a parallel 

increase in choice and quality. In return for this, consumers have shown a willingness to exchange data on 

their travel habits, likes, dislikes and other personal data. 

 

It seems self-evident, but it is important to be aware that digitisation of markets is driven by technology. According 

to the 2017 report of the International Telecommunications Union (ITU – the United Nations specialised agency for 

ICT), in developed countries 81% of individuals use the Internet and the same metric for developing countries is 

41%. Similarly, there are almost 100 mobile broadband subscriptions/100 inhabitants in developed countries and 

almost 50 such subscriptions/100 inhabitants in developing countries (ITU, 2017). This availability of technology 

on the consumer side has created huge opportunities for online businesses. While some of the revolution in markets 

has happened organically, companies now understand that market disruption is the best way to secure market-share. 

As Anurag Harsh wrote in his analysis of the digital revolution “If you can’t dominate a market, you change its 

dynamics … because consumers have so much digital technology at their disposal and are constantly connected, 

innovating on those axes is the fastest way to disrupt an industry” (Harsh, 2016).  

The digitisation of the agri-food sector offers huge potential benefits to the consumer. Eurostat figures show that 

the percentage of total household expenditure on food and non-alcoholic beverages has held steady at 

approximately 12% since 2005 (Eurostat, 2016b)
79

. With an increasing world population and an expected 76% rise 

in the global appetite for meat and animal products by 2050, unless there is a significant increase in production 

efficiency, this is likely to rise significantly. The application of precision technologies to the agri-food system 

offers the opportunity to increase efficiency and thereby keep the price of food at reasonable levels. Consumers are 

increasingly concerned about animal welfare and climate change. Precision agriculture brings potential for the 

improved management of animal health and welfare, reduced inputs (water, fertiliser and pesticides) and more 

precise management of natural resources such as soil, all of which can help to allay consumer concerns. The 

collection and analysis of data across the food chain offers the possibility that consumers will be able to access data 

on provenance, environmental impact and animal welfare at the point of purchase. The question remains whether 

consumers will be willing to pay a premium for this information, or if the retailers will absorb this in order to add 

value to their offering. Current growth projections for the organic food sector (16% compound annual growth rate 

from 2015 to 2020) (TechsciResearch, 2015) indicate that there is a market for premium food products, which 

promise a more ethical production system and health benefits.  

  

                                                
79

 Note that there is considerable variation between countries and also between different socio-economic groups. 
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Consumers’ main interaction with the food system is through the retailer. As with the travel market, there may be 

major disruption in this market in the coming years. Already, most large supermarket chains have started to offer 

online shopping and same-day delivery of food and groceries. Amazon, the world’s third largest retailer (Gensler, 

2017), has now entered the food market and is likely to aim to disrupt the existing market in order to gain 

significant market share. It is also likely that the Internet will offer possibilities for new marketplaces, directly 

connecting small artisan producers to consumers. Online shopping offers the possibility for retailers to use data 

analytics to propose products that the consumer may seek, based on their previous buying habits and on the 

purchases of similar customers. All of this brings the opportunity to save time. 

The retail market is already dominated by a relatively small number of large companies. This concentration of 

power creates a natural tension between primary producers, suppliers and retailers. A move to online shopping may 

drive or facilitate further consolidation in this marketplace, thereby reducing competition in the long run and 

further increasing the power of a small number of retail companies (cf. notes on potential for monopolies above). 

The other major concern for consumers will be privacy. Data collection and usage can bring advantages in terms of 

online retailers being able to show customers products that they may wish to purchase, but it also allows the retailer 

to collect a lot of information on individual customers. So far, the public has shown itself to be willing to give these 

data in return for free services (Facebook, Google) or improved retail experience and choice (Amazon), but as data 

collection becomes ubiquitous and data analytics become more powerful, it may lead to unease amongst 

consumers. 
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8. Conclusion a vision for ICT-enabled agri-food systems 

Up until this point, the ICT-AGRI ERA-NET, and other funding in the area of precision farming, has focused on 

projects related to food production at the farm level. However, suppliers, processors, retailers and consumers have 

also a huge influence on the production systems. The potential gains that exist from the automated ICT-based 

collection and analysis of data and the implementation of precision technologies can only be fully realised when the 

whole agri-food system and its dynamics and responsiveness is dealt with as a whole. This allows for feedback and 

learning mechanisms, whereby preferences of consumers and processors can influence the practices of primary 

producers, which can in turn influence the products developed by agriculture suppliers (e.g. seed companies). It 

also facilitates feed-forward mechanisms where information from the farm – which gives an indication of the likely 

quantity, quality and composition of primary products – can influence the short- and medium-term plans of 

processors, thereby minimising waste, maximising the efficiency of the system and facilitating the production of 

higher value end-products. 

In addition, information on the provenance of food and the emissions associated with different foodstuffs can 

empower consumers. Data analysis across the whole system has the potential to lead to a significant reduction in 

inputs and emissions that should contribute to the reduction of the environmental footprint of the sector. The 

barriers that prevent adoption of new technologies by producers and others in the food chain will also be 

considered. The integrated systems perspective described will assist with this by facilitating the development of 

entirely new business models, whereby actors in the system other than primary producers may be willing to bear 

(some of) the cost of new technology in exchange for the downstream benefits of its adoption. A multi-actor 

approach to projects implementation will also be important to ensure that developed technologies will be taken-up 

by actors across the agri-food system.   



39 

9. References 

 

Adamchuk, V. I., Hummel, J. W., & Morgan, M. T. (2004). On-the-go soil sensors for precision agriculture. And 

Electronics in …. Retrieved from https://www.sciencedirect.com/science/article/pii/S0168169904000444 

AgGateway. (2017). Data Privacy and Use White Paper. AgGateway. Retrieved from 

https://s3.amazonaws.com/aggateway_public/AgGatewayWeb/WorkingGroups/Committees/DataPrivacySecu

rityCommittee/2017-03-31%20Data%20Privacy%20and%20Use%20White%20Paper%20-%201.2.pdf 

AHDB. (2016, March 29). eGrain Passport scheme out for industry consultation. Retrieved October 19, 2017, from 

https://cereals.ahdb.org.uk/press/2016/march/29/egrain-passport-scheme-out-for-industry-consultation.aspx 

AIOTI WG06. (2015). Smart Farming and Food Safety Internet of Things Applications – Challenges for Large 

Scale Implementations. AIOTI. Retrieved from https://aioti.eu/aioti-wg06-report-on-smart-farming-and-food-

safety-internet-of-things-applications/ 

Al-Beeshi, B., Al-Mesbah, B., Al-Dosari, S., & El-Abd, M. (2015). iPlant: The greenhouse robot. In 2015 IEEE 

28th Canadian Conference on Electrical and Computer Engineering (CCECE) (pp. 1489–1494). 

https://doi.org/10.1109/CCECE.2015.7129501 

Anu, V. M., Deepika, M. I., & Gladance, L. M. (2015). Animal identification and data management using RFID 

technology. In International Confernce on Innovation Information in Computing Technologies (pp. 1–6). 

https://doi.org/10.1109/ICIICT.2015.7396069 

Asefpour Vakilian, K., & Massah, J. (2017). A farmer-assistant robot for nitrogen fertilizing management of 

greenhouse crops. Computers and Electronics in Agriculture, 139, 153–163. 

https://doi.org/10.1016/j.compag.2017.05.012 

Aung, M. M., & Chang, Y. S. (2014). Traceability in a food supply chain: Safety and quality perspectives. Food 

Control, 39, 172–184. https://doi.org/10.1016/j.foodcont.2013.11.007 

Badia-Melis, R., Mishra, P., & Ruiz-García, L. (2015). Food traceability: New trends and recent advances. A 

review. Food Control, 57, 393–401. https://doi.org/10.1016/j.foodcont.2015.05.005 

Bareth, G., Aasen, H., Bendig, J., Gnyp, M. L., Bolten, A., Jung, A., … Soukkamäki, J. (2015). Low-weight and 

UAV-based Hyperspectral Full-frame Cameras for Monitoring Crops: Spectral Comparison with Portable 

Spectroradiometer Measurements. Photogrammetrie - Fernerkundung - Geoinformation, 2015(1), 69–79. 

Retrieved from http://www.ingentaconnect.com/content/schweiz/pfg/2015/00002015/00000001/art00007 

Bell, M. M. (2004). Farming for Us All. Pennsylvania State University Press. 

Bhattarai, A. (2017, August 24). Amazon cuts Whole Foods prices in clear signal of sweeping changes to come. 

The Washington Post. Retrieved from 

https://www.washingtonpost.com/news/business/wp/2017/08/24/amazons-takeover-of-whole-foods-begins-

monday-and-youll-see-changes-right-away/ 

Bizer, C., Heath, T., & Berners-Lee, T. (2009). Linked Data - The Story So Far. International Journal on Semantic 

Web and Information Systems. Retrieved from http://tomheath.com/papers/bizer-heath-berners-lee-ijswis-

linked-data.pdf 

Bogue, R. (2017). Sensors key to advances in precision agriculture. Sensor Review, 37(1), 1–6. 

https://doi.org/10.1108/SR-10-2016-0215 

Borchers, M. R., Chang, Y. M., Tsai, I. C., Wadsworth, B. A., & Bewley, J. M. (2016). A validation of 

technologies monitoring dairy cow feeding, ruminating, and lying behaviors. Journal of Dairy Science, 99(9), 

7458–7466. https://doi.org/10.3168/jds.2015-10843 

Bradlow, E. T., Gangwar, M., Kopalle, P., & Voleti, S. (2017). The Role of Big Data and Predictive Analytics in 

Retailing. Journal of Retailing, 93(1), 79–95. https://doi.org/10.1016/j.jretai.2016.12.004 

Brewster, C. (2017). The landscape of agrifood data standards: From ontologies to messages. In EFITA WCCA 

2017 Conference. Montpelier. 

Butler, D., Holloway, L., & Bear, C. (2012). The impact of technological change in dairy farming: robotic milking 

systems and the changing role of the stockperson. Journal of the Royal Agricultural Society of England, 173, 

1–6. Retrieved from http://www.academia.edu/download/30230781/RASE_-_Robotic_milking.pdf 

Carbonell, I. (2016). The Ethics of Big Data in Big Agriculture. Retrieved from 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2772247 

Croman, K., Decker, C., Eyal, I., Gencer, A. E., Juels, A., Kosba, A., … Gün, E. (2016). On scaling decentralized 

blockchains. In Proc. 3rd Workshop on Bitcoin and Blockchain Research. tik.ee.ethz.ch. Retrieved from 

http://www.tik.ee.ethz.ch/file/74bc987e6ab4a8478c04950616612f69/main.pdf 

Dabbene, F., Gay, P., & Tortia, C. (2016). Radio-Frequency Identification Usage in Food Traceability. In Advances 

in Food Traceability Techniques and Technologies (pp. 67–89). Elsevier. https://doi.org/10.1016/B978-0-08-

http://paperpile.com/b/MMcLjg/hBap
http://paperpile.com/b/MMcLjg/hBap
http://paperpile.com/b/MMcLjg/hBap
http://paperpile.com/b/MMcLjg/hBap
https://www.sciencedirect.com/science/article/pii/S0168169904000444
http://paperpile.com/b/MMcLjg/M5EM
http://paperpile.com/b/MMcLjg/M5EM
http://paperpile.com/b/MMcLjg/M5EM
http://paperpile.com/b/MMcLjg/M5EM
https://s3.amazonaws.com/aggateway_public/AgGatewayWeb/WorkingGroups/Committees/DataPrivacySecurityCommittee/2017-03-31%20Data%20Privacy%20and%20Use%20White%20Paper%20-%201.2.pdf
https://s3.amazonaws.com/aggateway_public/AgGatewayWeb/WorkingGroups/Committees/DataPrivacySecurityCommittee/2017-03-31%20Data%20Privacy%20and%20Use%20White%20Paper%20-%201.2.pdf
http://paperpile.com/b/MMcLjg/0IwuU
http://paperpile.com/b/MMcLjg/0IwuU
https://cereals.ahdb.org.uk/press/2016/march/29/egrain-passport-scheme-out-for-industry-consultation.aspx
http://paperpile.com/b/MMcLjg/4qQD
http://paperpile.com/b/MMcLjg/4qQD
http://paperpile.com/b/MMcLjg/4qQD
http://paperpile.com/b/MMcLjg/4qQD
https://aioti.eu/aioti-wg06-report-on-smart-farming-and-food-safety-internet-of-things-applications/
https://aioti.eu/aioti-wg06-report-on-smart-farming-and-food-safety-internet-of-things-applications/
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/H1sL
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/ZA45
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/WP7D
http://paperpile.com/b/MMcLjg/I8eel
http://paperpile.com/b/MMcLjg/I8eel
http://paperpile.com/b/MMcLjg/I8eel
http://paperpile.com/b/MMcLjg/I8eel
http://paperpile.com/b/MMcLjg/I8eel
http://paperpile.com/b/MMcLjg/I8eel
http://dx.doi.org/10.1016/j.foodcont.2013.11.007
http://paperpile.com/b/MMcLjg/bAD75
http://paperpile.com/b/MMcLjg/bAD75
http://paperpile.com/b/MMcLjg/bAD75
http://paperpile.com/b/MMcLjg/bAD75
http://paperpile.com/b/MMcLjg/bAD75
http://paperpile.com/b/MMcLjg/bAD75
http://dx.doi.org/10.1016/j.foodcont.2015.05.005
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://paperpile.com/b/MMcLjg/ACV7
http://www.ingentaconnect.com/content/schweiz/pfg/2015/00002015/00000001/art00007
http://paperpile.com/b/MMcLjg/MbrG
http://paperpile.com/b/MMcLjg/MbrG
http://paperpile.com/b/MMcLjg/MbrG
http://paperpile.com/b/MMcLjg/VSl7
http://paperpile.com/b/MMcLjg/VSl7
http://paperpile.com/b/MMcLjg/VSl7
http://paperpile.com/b/MMcLjg/VSl7
https://www.washingtonpost.com/news/business/wp/2017/08/24/amazons-takeover-of-whole-foods-begins-monday-and-youll-see-changes-right-away/
https://www.washingtonpost.com/news/business/wp/2017/08/24/amazons-takeover-of-whole-foods-begins-monday-and-youll-see-changes-right-away/
http://paperpile.com/b/MMcLjg/3XE6O
http://paperpile.com/b/MMcLjg/3XE6O
http://paperpile.com/b/MMcLjg/3XE6O
http://paperpile.com/b/MMcLjg/3XE6O
http://tomheath.com/papers/bizer-heath-berners-lee-ijswis-linked-data.pdf
http://tomheath.com/papers/bizer-heath-berners-lee-ijswis-linked-data.pdf
http://paperpile.com/b/MMcLjg/Ceyd
http://paperpile.com/b/MMcLjg/Ceyd
http://paperpile.com/b/MMcLjg/Ceyd
http://paperpile.com/b/MMcLjg/Ceyd
http://paperpile.com/b/MMcLjg/Ceyd
http://paperpile.com/b/MMcLjg/Ceyd
http://dx.doi.org/10.1108/SR-10-2016-0215
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/YZ3M
http://paperpile.com/b/MMcLjg/XW1D
http://paperpile.com/b/MMcLjg/XW1D
http://paperpile.com/b/MMcLjg/XW1D
http://paperpile.com/b/MMcLjg/XW1D
http://paperpile.com/b/MMcLjg/XW1D
http://paperpile.com/b/MMcLjg/XW1D
http://dx.doi.org/10.1016/j.jretai.2016.12.004
http://paperpile.com/b/MMcLjg/T5xW3
http://paperpile.com/b/MMcLjg/T5xW3
http://paperpile.com/b/MMcLjg/T5xW3
http://paperpile.com/b/MMcLjg/T5xW3
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/tCKU8
http://paperpile.com/b/MMcLjg/wSIM
http://paperpile.com/b/MMcLjg/wSIM
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2772247
http://paperpile.com/b/MMcLjg/FkBJk
http://paperpile.com/b/MMcLjg/FkBJk
http://paperpile.com/b/MMcLjg/FkBJk
http://paperpile.com/b/MMcLjg/FkBJk
http://www.tik.ee.ethz.ch/file/74bc987e6ab4a8478c04950616612f69/main.pdf
http://paperpile.com/b/MMcLjg/5QFe3
http://paperpile.com/b/MMcLjg/5QFe3
http://paperpile.com/b/MMcLjg/5QFe3
http://paperpile.com/b/MMcLjg/5QFe3
http://dx.doi.org/10.1016/B978-0-08-100310-7.00005-3


40 

100310-7.00005-3 

del Castillo, M. (2016, October 19). Walmart Blockchain Pilot Aims to Make China’s Pork Market Safer - 

CoinDesk. Retrieved June 21, 2017, from http://www.coindesk.com/walmart-blockchain-pilot-china-pork-

market/ 

Demirci Orel, F., & Kara, A. (2014). Supermarket self-checkout service quality, customer satisfaction, and loyalty: 

Empirical evidence from an emerging market. Journal of Retailing and Consumer Services, 21(2), 118–129. 

https://doi.org/10.1016/j.jretconser.2013.07.002 

Dinesh, D., Campbell, B. M., Bonilla-Findji, O., & Richards, M. (2017). 10 best bet innovations for adaptation in 

agriculture: A supplement to the UNFCCC NAP Technical Guidelines. Retrieved from 

http://hdl.handle.net/10568/89192 

Duhigg, C. (2012, February 16). How Companies Learn Your Secrets. The New York Times. Retrieved from 

https://www.nytimes.com/2012/02/19/magazine/shopping-habits.html 

EGSA. (2017). GNSS Market Report (No. 5). European Global Navigation Satellite Systems Agency . Retrieved 

from https://www.gsa.europa.eu/system/files/reports/gnss_market_report_2017_-_agriculture.pdf 

EIP-AGRI. (2015). EIP-AGRI Focus Group on Precision Farming: Final report. EIP AGRI. Retrieved from 

https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-focus-group-precision-farming-final 

EIU. (2016). Fixing Food. Barilla Foundation/ Economist Intelligence Unit. Retrieved from 

https://www.barillacfn.com/en/publications/fixing-food-verso-un-sistema-alimentare-piu-sostenibile/ 

Elliott, C. (2014). Elliott Review into the Integrity and Assurance of Food Supply Networks – Final Report. 

DEFRA. Retrieved from https://www.gov.uk/government/publications/elliott-review-into-the-integrity-and-

assurance-of-food-supply-networks-final-report 

Espiñeira, M., & Santaclara, F. J. (2016). Advances in Food Traceability Techniques and Technologies: Improving 

Quality Throughout the Food Chain. Woodhead Publishing. Retrieved from 

http://www.sciencedirect.com/science/book/9780081003107 

European Commission. (2017, October 5). Digital Single Market: Commission calls for swift adoption of key 

proposals and maps out challenges ahead. Retrieved May 10, 2017, from http://europa.eu/rapid/press-

release_IP-17-1232_en.htm 

Eurostat. (2016a). Agriculture statistics - family farming in the EU. Retrieved from 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Agriculture_statistics_-_family_farming_in_the_EU 

Eurostat. (2016b). Household consumption by purpose. Eurostat. Retrieved from 

http://ec.europa.eu/eurostat/statistics-explained/index.php/Household_consumption_by_purpose 

EU SCAR. (2012). Agricultural Knowledge and Innovation Systems in Transition – a reflection paper. European 

Commission. https://doi.org/10.2777/34991 

FAO. (2013). Information and communication technologies for sustainable agriculture: Indicators from Asia and 

the Pacific. (G. Sylvester, Ed.). FAO. Retrieved from http://www.fao.org/3/a-i3557e.pdf 

FAO. (2017). The Future of Food and Agriculture - Trends and Challenges. Food and Agriculture Organization of 

the United Nations. Retrieved from http://www.fao.org/publications/fofa/en/ 

Felgate, M., & Fearne, A. (2015). Analyzing the Impact of Supermarket Promotions: A Case Study Using Tesco 

Clubcard Data in the UK. In The Sustainable Global Marketplace (pp. 471–475). Springer, Cham. 

https://doi.org/10.1007/978-3-319-10873-5_277 

Ferentinos, K. P., Katsoulas, N., Tzounis, A., Bartzanas, T., & Kittas, C. (2017). Wireless sensor networks for 

greenhouse climate and plant condition assessment. Biosystems Engineering, 153, 70–81. 

https://doi.org/10.1016/j.biosystemseng.2016.11.005 

Fisher, E. (2015). Price Challenges Are Blocking Adoption of Sensors in Agriculture | Lux Research. Retrieved 

February 19, 2018, from http://www.luxresearchinc.com/news-and-events/press-releases/read/price-

challenges-are-blocking-adoption-sensors-agriculture 

Fountas, S., Aggelopoulou, K., & Gemtos, T. A. (2015). Precision Agriculture. In Supply Chain Management for 

Sustainable Food Networks (pp. 41–65). John Wiley & Sons, Ltd. https://doi.org/10.1002/9781118937495.ch2 

Fountas, S., Carli, G., Sørensen, C. G., Tsiropoulos, Z., Cavalaris, C., Vatsanidou, A., … Tisserye, B. (2015). Farm 

management information systems: Current situation and future perspectives. Computers and Electronics in 

Agriculture, 115(Supplement C), 40–50. https://doi.org/10.1016/j.compag.2015.05.011 

Freeman, P. K., & Freeland, R. S. (2015). Agricultural UAVs in the U.S.: potential, policy, and hype. Remote 

Sensing Applications: Society and Environment, 2(Supplement C), 35–43. 

https://doi.org/10.1016/j.rsase.2015.10.002 

Fulton, J. (2015). GNSS and Precision Farming | Inside GNSS. Retrieved February 24, 2018, from 

http://www.insidegnss.com/node/4434 

Galzki, J. C., Birr, A. S., & Mulla, D. J. (2011). Identifying critical agricultural areas with three-meter LiDAR 

elevation data for precision conservation. Journal of Soil and Water Conservation, 66(6), 423–430. 

https://doi.org/10.2489/jswc.66.6.423 

http://dx.doi.org/10.1016/B978-0-08-100310-7.00005-3
http://paperpile.com/b/MMcLjg/9zcSl
http://paperpile.com/b/MMcLjg/9zcSl
http://www.coindesk.com/walmart-blockchain-pilot-china-pork-market/
http://www.coindesk.com/walmart-blockchain-pilot-china-pork-market/
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/W2qeM
http://paperpile.com/b/MMcLjg/yE24
http://paperpile.com/b/MMcLjg/yE24
http://hdl.handle.net/10568/89192
http://paperpile.com/b/MMcLjg/SlQB
http://paperpile.com/b/MMcLjg/SlQB
http://paperpile.com/b/MMcLjg/SlQB
http://paperpile.com/b/MMcLjg/SlQB
https://www.nytimes.com/2012/02/19/magazine/shopping-habits.html
http://paperpile.com/b/MMcLjg/43Di
http://paperpile.com/b/MMcLjg/43Di
http://paperpile.com/b/MMcLjg/43Di
http://paperpile.com/b/MMcLjg/43Di
https://www.gsa.europa.eu/system/files/reports/gnss_market_report_2017_-_agriculture.pdf
http://paperpile.com/b/MMcLjg/Lb5o
http://paperpile.com/b/MMcLjg/Lb5o
http://paperpile.com/b/MMcLjg/Lb5o
http://paperpile.com/b/MMcLjg/Lb5o
https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-focus-group-precision-farming-final
http://paperpile.com/b/MMcLjg/aziV
http://paperpile.com/b/MMcLjg/aziV
http://paperpile.com/b/MMcLjg/aziV
http://paperpile.com/b/MMcLjg/aziV
https://www.barillacfn.com/en/publications/fixing-food-verso-un-sistema-alimentare-piu-sostenibile/
http://paperpile.com/b/MMcLjg/Eg2iT
http://paperpile.com/b/MMcLjg/Eg2iT
http://paperpile.com/b/MMcLjg/Eg2iT
http://paperpile.com/b/MMcLjg/Eg2iT
https://www.gov.uk/government/publications/elliott-review-into-the-integrity-and-assurance-of-food-supply-networks-final-report
https://www.gov.uk/government/publications/elliott-review-into-the-integrity-and-assurance-of-food-supply-networks-final-report
http://paperpile.com/b/MMcLjg/wFJNr
http://paperpile.com/b/MMcLjg/wFJNr
http://paperpile.com/b/MMcLjg/wFJNr
http://paperpile.com/b/MMcLjg/wFJNr
http://www.sciencedirect.com/science/book/9780081003107
http://paperpile.com/b/MMcLjg/Z9Vq
http://paperpile.com/b/MMcLjg/Z9Vq
http://europa.eu/rapid/press-release_IP-17-1232_en.htm
http://europa.eu/rapid/press-release_IP-17-1232_en.htm
http://paperpile.com/b/MMcLjg/ZXfS
http://paperpile.com/b/MMcLjg/ZXfS
http://ec.europa.eu/eurostat/statistics-explained/index.php/Agriculture_statistics_-_family_farming_in_the_EU
http://paperpile.com/b/MMcLjg/4Jwd
http://paperpile.com/b/MMcLjg/4Jwd
http://paperpile.com/b/MMcLjg/4Jwd
http://paperpile.com/b/MMcLjg/4Jwd
http://ec.europa.eu/eurostat/statistics-explained/index.php/Household_consumption_by_purpose
http://paperpile.com/b/MMcLjg/H4Dl
http://paperpile.com/b/MMcLjg/H4Dl
http://paperpile.com/b/MMcLjg/H4Dl
http://paperpile.com/b/MMcLjg/H4Dl
http://dx.doi.org/10.2777/34991
http://paperpile.com/b/MMcLjg/sfAG
http://paperpile.com/b/MMcLjg/sfAG
http://paperpile.com/b/MMcLjg/sfAG
http://paperpile.com/b/MMcLjg/sfAG
http://www.fao.org/3/a-i3557e.pdf
http://paperpile.com/b/MMcLjg/eyjD
http://paperpile.com/b/MMcLjg/eyjD
http://paperpile.com/b/MMcLjg/eyjD
http://paperpile.com/b/MMcLjg/eyjD
http://www.fao.org/publications/fofa/en/
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/CUIGf
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/ti7E
http://paperpile.com/b/MMcLjg/EbBy
http://paperpile.com/b/MMcLjg/EbBy
http://www.luxresearchinc.com/news-and-events/press-releases/read/price-challenges-are-blocking-adoption-sensors-agriculture
http://www.luxresearchinc.com/news-and-events/press-releases/read/price-challenges-are-blocking-adoption-sensors-agriculture
http://paperpile.com/b/MMcLjg/AEBjH
http://paperpile.com/b/MMcLjg/AEBjH
http://paperpile.com/b/MMcLjg/AEBjH
http://paperpile.com/b/MMcLjg/AEBjH
http://dx.doi.org/10.1002/9781118937495.ch2
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/C5qWK
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/g3OPN
http://paperpile.com/b/MMcLjg/Qzv0
http://paperpile.com/b/MMcLjg/Qzv0
http://www.insidegnss.com/node/4434
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri
http://paperpile.com/b/MMcLjg/523Ri


41 

Gensler, L. (2017, May 24). The World’s Largest Retailers 2017: Amazon & Alibaba Are Closing In On Wal-Mart. 

Retrieved November 21, 2017, from https://www.forbes.com/sites/laurengensler/2017/05/24/the-worlds-

largest-retailers-2017-walmart-cvs-amazon/ 

Government Office for Science, T. (2011). Foresight.The Future of Food and Farming: Final Project Report. The 

Government Office for Science. Retrieved from https://www.gov.uk/government/publications/future-of-food-

and-farming 

Grassini, P., van Bussel, L. G. J., Van Wart, J., Wolf, J., Claessens, L., Yang, H., … Cassman, K. G. (2015). How 

good is good enough? Data requirements for reliable crop yield simulations and yield-gap analysis. Field 

Crops Research, 177(Supplement C), 49–63. https://doi.org/10.1016/j.fcr.2015.03.004 

Greenfield, A. (2013). Against the Smart City: A Pamphlet. Do projects. 

Haire, B. (2014, November 14). Ag data: its value, who owns it and where’s it going? Retrieved November 9, 

2017, from http://www.southeastfarmpress.com/cotton/ag-data-its-value-who-owns-it-and-where-s-it-going 

Hamunen, K., Appelstrand, M., Hujala, T., Kurttila, M., Sriskandarajah, N., Vilkriste, L., … Tikkanen, J. (2015). 

Defining Peer-to-peer Learning – from an Old “Art of Practice” to a New Mode of Forest Owner Extension? 

The Journal of Agricultural Education and Extension, 21(4), 293–307. 

https://doi.org/10.1080/1389224X.2014.939199 

Harsh, A. (2016, August 11). The Digital Revolution and its Impact on Industry, Consumers, and Government. 

Retrieved November 20, 2017, from https://www.huffingtonpost.com/entry/the-digital-revolution-and-its-

impact-on-industry-consumers_us_57acdc9de4b0ae60ff020c2d 

Heath, T., & Bizer, C. (2011). Linked Data: Evolving the Web into a Global Data Space. Morgan Claypool. 

Retrieved from http://linkeddatabook.com/editions/1.0/ 

Hemmat, A., & Adamchuk, V. I. (2008). Sensor systems for measuring soil compaction: Review and analysis. 

Computers and Electronics in Agriculture, 63(2), 89–103. https://doi.org/10.1016/j.compag.2008.03.001 

Higgins, S. (2017, June 5). Walmart: Blockchain Food Tracking Test Results Are “Very Encouraging” - CoinDesk. 

Retrieved June 21, 2017, from http://www.coindesk.com/walmart-blockchain-food-tracking-test-results-

encouraging/ 

Ilie-Zudor, E., Kemény, Z., van Blommestein, F., Monostori, L., & van der Meulen, A. (2011). A survey of 

applications and requirements of unique identification systems and RFID techniques. Computers in Industry, 

62(3), 227–252. https://doi.org/10.1016/j.compind.2010.10.004 

IMechE. (2013). Global Food Waste Not, Want Not. Institue of Mechanical Engineers. Retrieved from 

https://www.imeche.org/policy-and-press/reports/detail/global-food-waste-not-want-not 

IPES-Food. (2016). From uniformity to diversity: a paradigm shift from industrial agriculture to diversified agro-

ecological systems. International Panel of Experts on Sustainable Food Systems. Retrieved from 

http://www.ipes-food.org/images/Reports/UniformityToDiversity_FullReport.pdf 

ITU. (2017). ICT Facts and Figures 2017. International Telecommunication Union. Retrieved from 

http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2017.pdf 

Jedermann, R., Nicometo, M., Uysal, I., & Lang, W. (2014). Reducing food losses by intelligent food logistics. 

Philosophical Transactions. Series A, Mathematical, Physical, and Engineering Sciences, 372(2017), 

20130302. https://doi.org/10.1098/rsta.2013.0302 

Johnston, T. (2017). The Use of Social Media: Identifying Norovirus Outbreaks & Other Future Directions. In M. 

Suman, E. Maestri, & P. Brereton (Eds.), Assuring the integrity of the food chain: Turning science into 

solutions. Parma. 

Joly, M., Mazenq, L., Marlet, M., Temple-Boyer, P., Durieu, C., & Launay, J. (2017). All-solid-state multimodal 

probe based on ISFET electrochemical microsensors for in-situ soil nutrients monitoring in agriculture. In 

2017 19th International Conference on Solid-State Sensors, Actuators and Microsystems (TRANSDUCERS) 

(pp. 222–225). https://doi.org/10.1109/TRANSDUCERS.2017.7994028 

Jonquet, C., Toulet, A., Arnaud, E., Aubin, S., & Yeumo, E. D. (2016). AgroPortal: an open repository of 

ontologies and vocabularies for agriculture and nutrition data. GODAN Summit. Retrieved from 

http://hal.cirad.fr/hal-01398252/document 

Kallweit, K., Spreer, P., & Toporowski, W. (2014). Why do customers use self-service information technologies in 

retail? The mediating effect of perceived service quality. Journal of Retailing and Consumer Services, 21(3), 

268–276. https://doi.org/10.1016/j.jretconser.2014.02.002 

Kaloxylos, A., Groumas, A., Sarris, V., Katsikas, L., Magdalinos, P., Antoniou, E., … Terol, C. M. (2014). A cloud 

based Farm Management System: Architecture and Implementation. Computers and Electronics in 

Agriculture, 100, 168–179. https://doi.org/10.1016/j.compag.2013.11.014 

Kapilaratne, R. G. C. J., & Lu, M. (2017). Automated general temperature correction method for dielectric soil 

moisture sensors. Journal of Hydrology, 551, 203–216. https://doi.org/10.1016/j.jhydrol.2017.05.050 

Kemény, Z., & Ilie-Zudor, E. (2016). Alphanumerical and Optical Coding Systems for Food Traceability. In 

Advances in Food Traceability Techniques and Technologies (pp. 49–65). https://doi.org/10.1016/b978-0-08-

http://paperpile.com/b/MMcLjg/7bzs
http://paperpile.com/b/MMcLjg/7bzs
https://www.forbes.com/sites/laurengensler/2017/05/24/the-worlds-largest-retailers-2017-walmart-cvs-amazon/
https://www.forbes.com/sites/laurengensler/2017/05/24/the-worlds-largest-retailers-2017-walmart-cvs-amazon/
http://paperpile.com/b/MMcLjg/krI5
http://paperpile.com/b/MMcLjg/krI5
http://paperpile.com/b/MMcLjg/krI5
http://paperpile.com/b/MMcLjg/krI5
https://www.gov.uk/government/publications/future-of-food-and-farming
https://www.gov.uk/government/publications/future-of-food-and-farming
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/YUdaw
http://paperpile.com/b/MMcLjg/KgLk
http://paperpile.com/b/MMcLjg/KgLk
http://paperpile.com/b/MMcLjg/KgLk
http://paperpile.com/b/MMcLjg/hHsy
http://paperpile.com/b/MMcLjg/hHsy
http://www.southeastfarmpress.com/cotton/ag-data-its-value-who-owns-it-and-where-s-it-going
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/vUbY
http://paperpile.com/b/MMcLjg/BYnk
http://paperpile.com/b/MMcLjg/BYnk
https://www.huffingtonpost.com/entry/the-digital-revolution-and-its-impact-on-industry-consumers_us_57acdc9de4b0ae60ff020c2d
https://www.huffingtonpost.com/entry/the-digital-revolution-and-its-impact-on-industry-consumers_us_57acdc9de4b0ae60ff020c2d
http://paperpile.com/b/MMcLjg/rsN73
http://paperpile.com/b/MMcLjg/rsN73
http://paperpile.com/b/MMcLjg/rsN73
http://paperpile.com/b/MMcLjg/rsN73
http://linkeddatabook.com/editions/1.0/
http://paperpile.com/b/MMcLjg/4EEa
http://paperpile.com/b/MMcLjg/4EEa
http://paperpile.com/b/MMcLjg/4EEa
http://paperpile.com/b/MMcLjg/4EEa
http://paperpile.com/b/MMcLjg/4EEa
http://paperpile.com/b/MMcLjg/4EEa
http://dx.doi.org/10.1016/j.compag.2008.03.001
http://paperpile.com/b/MMcLjg/xhx7f
http://paperpile.com/b/MMcLjg/xhx7f
http://www.coindesk.com/walmart-blockchain-food-tracking-test-results-encouraging/
http://www.coindesk.com/walmart-blockchain-food-tracking-test-results-encouraging/
http://paperpile.com/b/MMcLjg/WIlz7
http://paperpile.com/b/MMcLjg/WIlz7
http://paperpile.com/b/MMcLjg/WIlz7
http://paperpile.com/b/MMcLjg/WIlz7
http://paperpile.com/b/MMcLjg/WIlz7
http://paperpile.com/b/MMcLjg/WIlz7
http://dx.doi.org/10.1016/j.compind.2010.10.004
http://paperpile.com/b/MMcLjg/N1ut
http://paperpile.com/b/MMcLjg/N1ut
http://paperpile.com/b/MMcLjg/N1ut
http://paperpile.com/b/MMcLjg/N1ut
https://www.imeche.org/policy-and-press/reports/detail/global-food-waste-not-want-not
http://paperpile.com/b/MMcLjg/qltG
http://paperpile.com/b/MMcLjg/qltG
http://paperpile.com/b/MMcLjg/qltG
http://paperpile.com/b/MMcLjg/qltG
http://www.ipes-food.org/images/Reports/UniformityToDiversity_FullReport.pdf
http://paperpile.com/b/MMcLjg/Zbz3
http://paperpile.com/b/MMcLjg/Zbz3
http://paperpile.com/b/MMcLjg/Zbz3
http://paperpile.com/b/MMcLjg/Zbz3
http://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2017.pdf
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/1TinJ
http://paperpile.com/b/MMcLjg/gHU8W
http://paperpile.com/b/MMcLjg/gHU8W
http://paperpile.com/b/MMcLjg/gHU8W
http://paperpile.com/b/MMcLjg/gHU8W
http://paperpile.com/b/MMcLjg/gHU8W
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/d7eB
http://paperpile.com/b/MMcLjg/q4Tic
http://paperpile.com/b/MMcLjg/q4Tic
http://paperpile.com/b/MMcLjg/q4Tic
http://paperpile.com/b/MMcLjg/q4Tic
http://hal.cirad.fr/hal-01398252/document
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/zCPnk
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/AiCLt
http://paperpile.com/b/MMcLjg/hiOo
http://paperpile.com/b/MMcLjg/hiOo
http://paperpile.com/b/MMcLjg/hiOo
http://paperpile.com/b/MMcLjg/hiOo
http://paperpile.com/b/MMcLjg/hiOo
http://paperpile.com/b/MMcLjg/hiOo
http://dx.doi.org/10.1016/j.jhydrol.2017.05.050
http://paperpile.com/b/MMcLjg/k54ow
http://paperpile.com/b/MMcLjg/k54ow
http://paperpile.com/b/MMcLjg/k54ow
http://paperpile.com/b/MMcLjg/k54ow
http://dx.doi.org/10.1016/b978-0-08-100310-7.00004-1


42 

100310-7.00004-1 

Khanal, S., Fulton, J., & Shearer, S. (2017). An overview of current and potential applications of thermal remote 

sensing in precision agriculture. Computers and Electronics in Agriculture, 139, 22–32. 

https://doi.org/10.1016/j.compag.2017.05.001 

Kilpatrick, S., & Johns, S. (2003). How farmers learn: Different approaches to change. The Journal of Agricultural 

Education and Extension, 9(4), 151–164. https://doi.org/10.1080/13892240385300231 

Kim, T.-H., Park, J., Kim, C.-J., & Cho, Y.-K. (2014). Fully integrated lab-on-a-disc for nucleic acid analysis of 

food-borne pathogens. Analytical Chemistry, 86(8), 3841–3848. https://doi.org/10.1021/ac403971h 

Koebler, J. (2017, March 21). Why American Farmers Are Hacking Their Tractors With Ukrainian Firmware. 

Retrieved February 24, 2018, from https://motherboard.vice.com/en_us/article/xykkkd/why-american-farmers-

are-hacking-their-tractors-with-ukrainian-firmware 

Kweon, G., Lund, E., & Maxton, C. (2013). Soil organic matter and cation-exchange capacity sensing with on-the-

go electrical conductivity and optical sensors. Geoderma. Retrieved from 

https://www.sciencedirect.com/science/article/pii/S0016706112003886 

Lesser, A. (2014, October 8). Big data and big agriculture. Retrieved November 9, 2017, from 

https://gigaom.com/report/big-data-and-big-agriculture/ 

Li, F., Mistele, B., Hu, Y., Chen, X., & Schmidhalter, U. (2014). Reflectance estimation of canopy nitrogen content 

in winter wheat using optimised hyperspectral spectral indices and partial least squares regression. European 

Journal of Agronomy: The Journal of the European Society for Agronomy, 52, 198–209. 

https://doi.org/10.1016/j.eja.2013.09.006 

Lord, N. (2018). The History of Data Breaches. Retrieved February 24, 2018, from 

https://digitalguardian.com/blog/history-data-breaches 

Lötscher, M., Didelot, D., Dörfler, R., Fealy, R., Holpp, M., Kelly, R., … Thysen, I. (2012). Strategic Research 

Agenda. ICT-AGRI Project. Retrieved from http://ict-agri.eu/node/12609 

Marucci, A., Colantoni, A., Zambon, I., & Egidi, G. (2017). Precision Farming in Hilly Areas: The Use of Network 

RTK in GNSS Technology. Collection FAO: Agriculture, 7(7), 60. https://doi.org/10.3390/agriculture7070060 

Matese, A., Toscano, P., Di Gennaro, S. F., Genesio, L., Vaccari, F. P., Primicerio, J., … Gioli, B. (2015). 

Intercomparison of UAV, Aircraft and Satellite Remote Sensing Platforms for Precision Viticulture. Remote 

Sensing, 7(3), 2971–2990. https://doi.org/10.3390/rs70302971 

Matthews, R. B., Rivington, M., Muhammed, S., Newton, A. C., & Hallett, P. D. (2013). Adapting crops and 

cropping systems to future climates to ensure food security: The role of crop modelling. Global Food Security, 

2(1), 24–28. https://doi.org/10.1016/j.gfs.2012.11.009 

McConaghy, T., Marques, R., Muller, A., De Jonghe, D., McConaghy, T., McMullen, G., … Granzotto, A. (2016). 

BigChainDB: A Scaleable Blockchain Database. Ascribe GmbH. Retrieved from 

https://www.bigchaindb.com/whitepaper/ 

McIntyre, B. D., Herren, H. R., Wakhungu, J., & Watson, R. T. (2008). International assessment of agricultural 

knowledge, science and technology for development (IAASTD) : global report. IAASTD. Retrieved from 

http://www.unep.org/dewa/agassessment/reports/IAASTD/EN/Agriculture%20at%20a%20Crossroads_Global

%20Report%20(English).pdf 

Mesas-Carrascosa, F. J., Verdú Santano, D., Meroño, J. E., Sánchez de la Orden, M., & García-Ferrer, A. (2015). 

Open source hardware to monitor environmental parameters in precision agriculture. Biosystems Engineering, 

137, 73–83. https://doi.org/10.1016/j.biosystemseng.2015.07.005 

Michalopoulos, S. (2017, March 20). Smart farming hinges on e-skills and rural internet access. Retrieved February 

24, 2018, from https://www.euractiv.com/section/agriculture-food/news/smart-farming-hinges-on-e-skills-

and-rural-internet-access/ 

Moldenhauer, H., & Hirtz, S. (31. October 2017). Monsanto and Co: From seven to four – growing by shrinking | 

Heinrich Böll Foundation. Retrieved February 24, 2018, from https://www.boell.de/en/2017/10/31/monsanto-

and-co-from-seven-to-four-growing-by-shrinking 

Moore, S. K. (2017, September 21). Superaccurate GPS Chips Coming to Smartphones in 2018. Retrieved 

November 13, 2017, from https://spectrum.ieee.org/tech-talk/semiconductors/design/superaccurate-gps-chips-

coming-to-smartphones-in-2018 

Mulla, D. J. (2013). Twenty five years of remote sensing in precision agriculture: Key advances and remaining 

knowledge gaps. Biosystems Engineering, 114(4), 358–371. 

https://doi.org/10.1016/j.biosystemseng.2012.08.009 

Murugan, D., Garg, A., Ahmed, T., & Singh, D. (2016). Fusion of drone and satellite data for precision agriculture 

monitoring. In 2016 11th International Conference on Industrial and Information Systems (ICIIS) (pp. 910–

914). https://doi.org/10.1109/ICIINFS.2016.8263068 

Naderi-Boldaji, M., Weisskopf, P., Stettler, M., & Keller, T. (2016). Predicting the relative density from on-the-go 

horizontal penetrometer measurements at some arable top soils in Northern Switzerland. Soil and Tillage 

http://dx.doi.org/10.1016/b978-0-08-100310-7.00004-1
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/ve9Z
http://paperpile.com/b/MMcLjg/hNbC
http://paperpile.com/b/MMcLjg/hNbC
http://paperpile.com/b/MMcLjg/hNbC
http://paperpile.com/b/MMcLjg/hNbC
http://paperpile.com/b/MMcLjg/hNbC
http://paperpile.com/b/MMcLjg/hNbC
http://dx.doi.org/10.1080/13892240385300231
http://paperpile.com/b/MMcLjg/VoDNp
http://paperpile.com/b/MMcLjg/VoDNp
http://paperpile.com/b/MMcLjg/VoDNp
http://paperpile.com/b/MMcLjg/VoDNp
http://paperpile.com/b/MMcLjg/VoDNp
http://paperpile.com/b/MMcLjg/VoDNp
http://dx.doi.org/10.1021/ac403971h
http://paperpile.com/b/MMcLjg/4VvH
http://paperpile.com/b/MMcLjg/4VvH
https://motherboard.vice.com/en_us/article/xykkkd/why-american-farmers-are-hacking-their-tractors-with-ukrainian-firmware
https://motherboard.vice.com/en_us/article/xykkkd/why-american-farmers-are-hacking-their-tractors-with-ukrainian-firmware
http://paperpile.com/b/MMcLjg/DMSa
http://paperpile.com/b/MMcLjg/DMSa
http://paperpile.com/b/MMcLjg/DMSa
http://paperpile.com/b/MMcLjg/DMSa
https://www.sciencedirect.com/science/article/pii/S0016706112003886
http://paperpile.com/b/MMcLjg/ec6y
http://paperpile.com/b/MMcLjg/ec6y
https://gigaom.com/report/big-data-and-big-agriculture/
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://paperpile.com/b/MMcLjg/7DWg
http://dx.doi.org/10.1016/j.eja.2013.09.006
http://paperpile.com/b/MMcLjg/nHiI
http://paperpile.com/b/MMcLjg/nHiI
https://digitalguardian.com/blog/history-data-breaches
http://paperpile.com/b/MMcLjg/UH7F
http://paperpile.com/b/MMcLjg/UH7F
http://paperpile.com/b/MMcLjg/UH7F
http://paperpile.com/b/MMcLjg/UH7F
http://ict-agri.eu/node/12609
http://paperpile.com/b/MMcLjg/szjt
http://paperpile.com/b/MMcLjg/szjt
http://paperpile.com/b/MMcLjg/szjt
http://paperpile.com/b/MMcLjg/szjt
http://paperpile.com/b/MMcLjg/szjt
http://paperpile.com/b/MMcLjg/szjt
http://dx.doi.org/10.3390/agriculture7070060
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/m8Tb
http://paperpile.com/b/MMcLjg/EliNJ
http://paperpile.com/b/MMcLjg/EliNJ
http://paperpile.com/b/MMcLjg/EliNJ
http://paperpile.com/b/MMcLjg/EliNJ
http://paperpile.com/b/MMcLjg/EliNJ
http://paperpile.com/b/MMcLjg/EliNJ
http://dx.doi.org/10.1016/j.gfs.2012.11.009
http://paperpile.com/b/MMcLjg/47gXC
http://paperpile.com/b/MMcLjg/47gXC
http://paperpile.com/b/MMcLjg/47gXC
http://paperpile.com/b/MMcLjg/47gXC
https://www.bigchaindb.com/whitepaper/
http://paperpile.com/b/MMcLjg/NGbF
http://paperpile.com/b/MMcLjg/NGbF
http://paperpile.com/b/MMcLjg/NGbF
http://paperpile.com/b/MMcLjg/NGbF
http://www.unep.org/dewa/agassessment/reports/IAASTD/EN/Agriculture%20at%20a%20Crossroads_Global%20Report%20(English).pdf
http://www.unep.org/dewa/agassessment/reports/IAASTD/EN/Agriculture%20at%20a%20Crossroads_Global%20Report%20(English).pdf
http://paperpile.com/b/MMcLjg/Ahdv
http://paperpile.com/b/MMcLjg/Ahdv
http://paperpile.com/b/MMcLjg/Ahdv
http://paperpile.com/b/MMcLjg/Ahdv
http://paperpile.com/b/MMcLjg/Ahdv
http://paperpile.com/b/MMcLjg/Ahdv
http://dx.doi.org/10.1016/j.biosystemseng.2015.07.005
http://paperpile.com/b/MMcLjg/sFZh
http://paperpile.com/b/MMcLjg/sFZh
https://www.euractiv.com/section/agriculture-food/news/smart-farming-hinges-on-e-skills-and-rural-internet-access/
https://www.euractiv.com/section/agriculture-food/news/smart-farming-hinges-on-e-skills-and-rural-internet-access/
http://paperpile.com/b/MMcLjg/YxCe
http://paperpile.com/b/MMcLjg/YxCe
https://www.boell.de/en/2017/10/31/monsanto-and-co-from-seven-to-four-growing-by-shrinking
https://www.boell.de/en/2017/10/31/monsanto-and-co-from-seven-to-four-growing-by-shrinking
http://paperpile.com/b/MMcLjg/2bEh
http://paperpile.com/b/MMcLjg/2bEh
https://spectrum.ieee.org/tech-talk/semiconductors/design/superaccurate-gps-chips-coming-to-smartphones-in-2018
https://spectrum.ieee.org/tech-talk/semiconductors/design/superaccurate-gps-chips-coming-to-smartphones-in-2018
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/83PKq
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/au35
http://paperpile.com/b/MMcLjg/lPTu
http://paperpile.com/b/MMcLjg/lPTu
http://paperpile.com/b/MMcLjg/lPTu


43 

Research, 159, 23–32. https://doi.org/10.1016/j.still.2015.12.002 

NCR. (2014). Self-Checkout: A global consumer perspective. NCR Corporation. Retrieved from 

https://www.ncr.com/sites/default/files/white_papers/RET_SCO_wp.pdf 

Ngai, E. W. T., Xiu, L., & Chau, D. C. K. (2009). Application of data mining techniques in customer relationship 

management: A literature review and classification. Expert Systems with Applications, 36(2, Part 2), 2592–

2602. https://doi.org/10.1016/j.eswa.2008.02.021 

Odolinski, R., & Teunissen, P. J. G. (2017). Low-cost, 4-system, precise GNSS positioning: a GPS, Galileo, BDS 

and QZSS ionosphere-weighted RTK analysis. Measurement Science & Technology, 28(12), 125801. 

https://doi.org/10.1088/1361-6501/aa92eb 

Ojha, T., Misra, S., & Raghuwanshi, N. S. (2015). Wireless sensor networks for agriculture: The state-of-the-art in 

practice and future challenges. Computers and Electronics in Agriculture, 118(Supplement C), 66–84. 

https://doi.org/10.1016/j.compag.2015.08.011 

Pantazi, X. E., Moshou, D., Mouazen, A. M., & Alexandridis, T. (2015). Data Fusion of Proximal Soil Sensing and 

Remote Crop Sensing for the Delineation of Management Zones in Arable Crop Precision Farming. HAICTA. 

Retrieved from http://ceur-ws.org/Vol-1498/HAICTA_2015_paper86.pdf 

Pedersen, S. M., & Lind, K. M. (Eds.). (2017). Precision Agriculture: Technology and Economic Perspectives. 

https://doi.org/10.1007/978-3-319-68715-5 

Peroni, S., Lodi, G., Asprino, L., Gangemi, A., & Presutti, V. (2016). FOOD: FOod in Open Data. In The Semantic 

Web – ISWC 2016 (pp. 168–176). Springer, Cham. https://doi.org/10.1007/978-3-319-46547-0_18 

Pesce, V., Geser, G., Caracciolo, C., Keizer, J., & L’Abate, G. (2013). Preliminary Work towards Publishing 

Vocabularies for Germplasm and Soil Data as Linked Data. In Metadata and Semantics Research (pp. 423–

429). Springer, Cham. https://doi.org/10.1007/978-3-319-03437-9_41 

Pesce, V., Maru, A., Archer, P., Malapela, T., & Keizer, J. (2015). Setting up a Global Linked Data Catalog of 

Datasets for Agriculture. In Metadata and Semantics Research (pp. 357–368). Springer, Cham. 

https://doi.org/10.1007/978-3-319-24129-6_31 

Peteinatos, G. G., Korsaeth, A., Berge, T. W., & Gerhards, R. (2016). Using Optical Sensors to Identify Water 

Deprivation, Nitrogen Shortage, Weed Presence and Fungal Infection in Wheat. Collection FAO: Agriculture, 

6(2), 24. https://doi.org/10.3390/agriculture6020024 

Pringle, R. (2017a, September 17). Drones, tractor hacks and robotic sprayers: the technology of farming. 

Retrieved October 29, 2017, from http://www.cbc.ca/news/technology/farming-technology-advances-

1.4290569?es_p=4944841 

Pringle, R. (2017b, September 17). Drones, tractor hacks and robotic sprayers: the technology of farming. 

Retrieved November 9, 2017, from http://www.cbc.ca/news/technology/farming-technology-advances-

1.4290569 

PWC. (2016). Clarity from above PwC global report on the commercial applications of drone technology. 

PriceWaterhouseCooper. Retrieved from https://www.pwc.pl/pl/pdf/clarity-from-above-pwc.pdf 

Rajbhandari, S., & Keizer, J. (2012). The AGROVOC concept scheme--a walkthrough. Journal of Integrative 

Agriculture, 11(5), 694–699. Retrieved from 

http://www.sciencedirect.com/science/article/pii/S2095311912600586 

Ramanathan, U., Subramanian, N., & Parrott, G. (2017). Role of social media in retail network operations and 

marketing to enhance customer satisfaction. International Journal of Operations & Production Management, 

37(1), 105–123. https://doi.org/10.1108/IJOPM-03-2015-0153 

Riley, J. (2017, August 11). Flying drones: the law per country. Retrieved February 12, 2018, from 

http://www.futurefarming.com/Tools-data/Articles/2017/11/Flying-drones-the-law-per-country-3825WP/ 

Rogers, E. M. (2003). Diffusion of Innovations, 5th Edition (5th edition). Free Press. Retrieved from 

https://www.amazon.com/Diffusion-Innovations-5th-Everett-Rogers/dp/0743222091 

Rowley, J. (2005). Building brand webs: Customer relationship management through the Tesco Clubcard loyalty 

scheme. International Journal of Retail & Distribution Management, 33(3), 194–206. 

https://doi.org/10.1108/09590550510588361 

Rutten, C. J., Velthuis, A. G. J., Steeneveld, W., & Hogeveen, H. (2013). Invited review: sensors to support health 

management on dairy farms. Journal of Dairy Science, 96(4), 1928–1952. https://doi.org/10.3168/jds.2012-

6107 

Salfer, J., Endres, M., Lazarus, W., Minegishi, K., & Berning, B. (n.d.). Dairy Robotic Milking Systems – What are 

the Economics? - eXtension. Retrieved January 28, 2018, from http://articles.extension.org/pages/73995/dairy-

robotic-milking-systems-what-are-the-economics 

Schneider, F., Fry, P., Ledermann, T., & Rist, S. (2009). Social Learning Processes in Swiss Soil Protection—The 

“From Farmer - To Farmer” Project. Human Ecology, 37(4), 475–489. https://doi.org/10.1007/s10745-009-

9262-1 

Scholten, H., Verdouw, C. N., Beulens, A., & van der Vorst, J. G. A. J. (2016). Defining and Analyzing 

http://paperpile.com/b/MMcLjg/lPTu
http://paperpile.com/b/MMcLjg/lPTu
http://paperpile.com/b/MMcLjg/lPTu
http://paperpile.com/b/MMcLjg/lPTu
http://dx.doi.org/10.1016/j.still.2015.12.002
http://paperpile.com/b/MMcLjg/0ydYQ
http://paperpile.com/b/MMcLjg/0ydYQ
http://paperpile.com/b/MMcLjg/0ydYQ
http://paperpile.com/b/MMcLjg/0ydYQ
https://www.ncr.com/sites/default/files/white_papers/RET_SCO_wp.pdf
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/FelP
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/wGPC
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/dayY
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/YBQe
http://paperpile.com/b/MMcLjg/OEMP
http://paperpile.com/b/MMcLjg/OEMP
http://paperpile.com/b/MMcLjg/OEMP
http://paperpile.com/b/MMcLjg/OEMP
http://dx.doi.org/10.1007/978-3-319-68715-5
http://paperpile.com/b/MMcLjg/dVkmA
http://paperpile.com/b/MMcLjg/dVkmA
http://paperpile.com/b/MMcLjg/dVkmA
http://paperpile.com/b/MMcLjg/dVkmA
http://dx.doi.org/10.1007/978-3-319-46547-0_18
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/VlrqG
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/L3YhD
http://paperpile.com/b/MMcLjg/id3g
http://paperpile.com/b/MMcLjg/id3g
http://paperpile.com/b/MMcLjg/id3g
http://paperpile.com/b/MMcLjg/id3g
http://paperpile.com/b/MMcLjg/id3g
http://paperpile.com/b/MMcLjg/id3g
http://dx.doi.org/10.3390/agriculture6020024
http://paperpile.com/b/MMcLjg/wNWWM
http://paperpile.com/b/MMcLjg/wNWWM
http://www.cbc.ca/news/technology/farming-technology-advances-1.4290569?es_p=4944841
http://www.cbc.ca/news/technology/farming-technology-advances-1.4290569?es_p=4944841
http://paperpile.com/b/MMcLjg/HBXd
http://paperpile.com/b/MMcLjg/HBXd
http://www.cbc.ca/news/technology/farming-technology-advances-1.4290569
http://www.cbc.ca/news/technology/farming-technology-advances-1.4290569
http://paperpile.com/b/MMcLjg/U5Uu
http://paperpile.com/b/MMcLjg/U5Uu
http://paperpile.com/b/MMcLjg/U5Uu
http://paperpile.com/b/MMcLjg/U5Uu
https://www.pwc.pl/pl/pdf/clarity-from-above-pwc.pdf
http://paperpile.com/b/MMcLjg/fp2Xd
http://paperpile.com/b/MMcLjg/fp2Xd
http://paperpile.com/b/MMcLjg/fp2Xd
http://paperpile.com/b/MMcLjg/fp2Xd
http://paperpile.com/b/MMcLjg/fp2Xd
http://paperpile.com/b/MMcLjg/fp2Xd
http://www.sciencedirect.com/science/article/pii/S2095311912600586
http://paperpile.com/b/MMcLjg/UXk6t
http://paperpile.com/b/MMcLjg/UXk6t
http://paperpile.com/b/MMcLjg/UXk6t
http://paperpile.com/b/MMcLjg/UXk6t
http://paperpile.com/b/MMcLjg/UXk6t
http://paperpile.com/b/MMcLjg/UXk6t
http://dx.doi.org/10.1108/IJOPM-03-2015-0153
http://paperpile.com/b/MMcLjg/qPpM
http://paperpile.com/b/MMcLjg/qPpM
http://www.futurefarming.com/Tools-data/Articles/2017/11/Flying-drones-the-law-per-country-3825WP/
http://paperpile.com/b/MMcLjg/uzdH
http://paperpile.com/b/MMcLjg/uzdH
http://paperpile.com/b/MMcLjg/uzdH
http://paperpile.com/b/MMcLjg/uzdH
https://www.amazon.com/Diffusion-Innovations-5th-Everett-Rogers/dp/0743222091
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/XCOHC
http://paperpile.com/b/MMcLjg/D3Gi
http://paperpile.com/b/MMcLjg/D3Gi
http://paperpile.com/b/MMcLjg/D3Gi
http://paperpile.com/b/MMcLjg/D3Gi
http://paperpile.com/b/MMcLjg/D3Gi
http://paperpile.com/b/MMcLjg/D3Gi
http://dx.doi.org/10.3168/jds.2012-6107
http://dx.doi.org/10.3168/jds.2012-6107
http://paperpile.com/b/MMcLjg/usf8
http://paperpile.com/b/MMcLjg/usf8
http://articles.extension.org/pages/73995/dairy-robotic-milking-systems-what-are-the-economics
http://articles.extension.org/pages/73995/dairy-robotic-milking-systems-what-are-the-economics
http://paperpile.com/b/MMcLjg/8hfM
http://paperpile.com/b/MMcLjg/8hfM
http://paperpile.com/b/MMcLjg/8hfM
http://paperpile.com/b/MMcLjg/8hfM
http://paperpile.com/b/MMcLjg/8hfM
http://paperpile.com/b/MMcLjg/8hfM
http://dx.doi.org/10.1007/s10745-009-9262-1
http://dx.doi.org/10.1007/s10745-009-9262-1
http://paperpile.com/b/MMcLjg/QL2Z3


44 

Traceability Systems in Food Supply Chains. In Advances in Food Traceability Techniques and Technologies 

(pp. 9–33). Elsevier. https://doi.org/10.1016/B978-0-08-100310-7.00002-8 

Schriber, S. (2018). Smart Agriculture Sensors | Mouser. Retrieved February 19, 2018, from 

https://eu.mouser.com/applications/smart-agriculture-sensors/ 

Sonka, S. (2015). Big Data: from hype to agricultural tool. Farm Policy Journal, 12(1), 1–9. Retrieved from 

http://www.farminstitute.org.au/publications-1/farm-policy-journals/2015-autumn-from-little-data-big-data-

grow/big-data-from-hype-to-agricultural-tool 

Sowinski, L. L. (2016). Leading Carriers Investing in Real-Time Tracking Solutions. Retrieved November 13, 

2017, from http://www.foodlogistics.com/article/12236351/leading-carriers-investing-in-real-time-tracking-

solutions 

SPARC. (2014). Strategic Research Agenda for Robotics in Europe 2014-2020. EU Robotics Project. Retrieved 

from https://www.eu-robotics.net/sparc/upload/topic_groups/SRA2020_SPARC.pdf 

Specter, M. (2013, November 4). Climate By Numbers. Retrieved October 29, 2017, from 

https://www.newyorker.com/magazine/2013/11/11/climate-by-numbers 

Steiner, J., & Baker, J. (2015). Provenance | Blockchain: the solution for transparency in product. Provenance.org. 

Retrieved from https://www.provenance.org/whitepaper 

Stevens, T. M., Aarts, N., Termeer, C., & Dewulf, A. (2016). Social media as a new playing field for the 

governance of agro-food sustainability. Current Opinion in Environmental Sustainability, 18(Supplement C), 

99–106. https://doi.org/10.1016/j.cosust.2015.11.010 

Sun, Y., Quyen, T. L., Hung, T. Q., Chin, W. H., Wolff, A., & Bang, D. D. (2015). A lab-on-a-chip system with 

integrated sample preparation and loop-mediated isothermal amplification for rapid and quantitative detection 

of Salmonella spp. in food samples. Lab on a Chip, 15(8), 1898–1904. Retrieved from http://pubs.rsc.org/-

/content/articlehtml/2015/lc/c4lc01459f 

TechsciResearch. (2015). Global Organic Food Market Forecast and Opportunities, 2020. TechsciResearch. 

Retrieved from https://www.techsciresearch.com/report/global-organic-food-market-forecast-and-

opportunities-2020/450.html 

Teixeira, E. I., Zhao, G., Ruiter, J. de, Brown, H., Ausseil, A.-G., Meenken, E., & Ewert, F. (2017). The 

interactions between genotype, management and environment in regional crop modelling. European Journal 

of Agronomy: The Journal of the European Society for Agronomy, 88(Supplement C), 106–115. 

https://doi.org/10.1016/j.eja.2016.05.005 

Tomasicchio, A. (2017, April 16). Italian Wines Will Be Recorded on Blockchain, Authenticity Guaranteed. 

Retrieved June 21, 2017, from https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-

authenticity-guaranteed 

Tong L., Hong T., & JingHua Z. (2015). Research on the big data-based government decision and public 

information service model of food safety and nutrition industry. Journal of Food Safety and Quality, 6(1), 

366–371. Retrieved from https://www.cabdirect.org/cabdirect/abstract/20153060555 

Trevarthen, A., & Michael, K. (2008). The RFID-Enabled Dairy Farm: Towards Total Farm Management. In 2008 

7th International Conference on Mobile Business (pp. 241–250). ieeexplore.ieee.org. 

https://doi.org/10.1109/ICMB.2008.39 

Tsiropoulos, Z., Carli, G., Pignatti, E., & Fountas, S. (2017). Future Perspectives of Farm Management Information 

Systems. In Precision Agriculture: Technology and Economic Perspectives (pp. 181–200). Springer, Cham. 

https://doi.org/10.1007/978-3-319-68715-5_9 

UN Global Compact. (2016). Digital Agriculture: Disruptive Technology Executive Briefs. United Nations. 

Retrieved from http://breakthrough.unglobalcompact.org/site/assets/files/1332/hhw-16-0025-

d_n_digital_agriculture.pdf 

USGOV. (2016). U.S. Government Global Food Security Strategy 2017-2021. United States Government. 

Retrieved from https://www.usaid.gov/what-we-do/agriculture-and-food-security/us-government-global-food-

security-strategy 

van der Vorst, J. G. A. J. (2006). Product traceability in food-supply chains. Accreditation and Quality Assurance, 

11(1-2), 33–37. https://doi.org/10.1007/s00769-005-0028-1 

van Eerdenburg, F., Hut, P., Hooijer, G., Harbers, A., Stassen, E. N., & Hulsen, J. (2017). Using sensors to monitor 

behaviour at the dairy farm. In Proceedings of the ISAE Benelux conference 2017 (pp. 20–20). library.wur.nl. 

Retrieved from http://library.wur.nl/WebQuery/wurpubs/fulltext/428507 

van ’t Spijker, A. (2014). The New Oil: Using Innovative Business Models to turn Data Into Profit. Technics 

Publications. 

Varinsky, D. (2017, June 3). These robots are milking cows without any humans involved, and the cows seem into 

it. Retrieved October 19, 2017, from https://www.businessinsider.nl/automation-dairy-farms-robots-milking-

cows-2017-6/ 

Verdouw, C. N., Wolfert, J., & Tekinerdogan, B. (2016). Internet of Things in agriculture. CAB Reviews: 

http://paperpile.com/b/MMcLjg/QL2Z3
http://paperpile.com/b/MMcLjg/QL2Z3
http://paperpile.com/b/MMcLjg/QL2Z3
http://paperpile.com/b/MMcLjg/QL2Z3
http://dx.doi.org/10.1016/B978-0-08-100310-7.00002-8
http://paperpile.com/b/MMcLjg/7Wwz
http://paperpile.com/b/MMcLjg/7Wwz
https://eu.mouser.com/applications/smart-agriculture-sensors/
http://paperpile.com/b/MMcLjg/mhtu
http://paperpile.com/b/MMcLjg/mhtu
http://paperpile.com/b/MMcLjg/mhtu
http://paperpile.com/b/MMcLjg/mhtu
http://paperpile.com/b/MMcLjg/mhtu
http://paperpile.com/b/MMcLjg/mhtu
http://www.farminstitute.org.au/publications-1/farm-policy-journals/2015-autumn-from-little-data-big-data-grow/big-data-from-hype-to-agricultural-tool
http://www.farminstitute.org.au/publications-1/farm-policy-journals/2015-autumn-from-little-data-big-data-grow/big-data-from-hype-to-agricultural-tool
http://paperpile.com/b/MMcLjg/P1gM
http://paperpile.com/b/MMcLjg/P1gM
http://www.foodlogistics.com/article/12236351/leading-carriers-investing-in-real-time-tracking-solutions
http://www.foodlogistics.com/article/12236351/leading-carriers-investing-in-real-time-tracking-solutions
http://paperpile.com/b/MMcLjg/agBl
http://paperpile.com/b/MMcLjg/agBl
http://paperpile.com/b/MMcLjg/agBl
http://paperpile.com/b/MMcLjg/agBl
https://www.eu-robotics.net/sparc/upload/topic_groups/SRA2020_SPARC.pdf
http://paperpile.com/b/MMcLjg/ItOSE
http://paperpile.com/b/MMcLjg/ItOSE
https://www.newyorker.com/magazine/2013/11/11/climate-by-numbers
http://paperpile.com/b/MMcLjg/J2b00
http://paperpile.com/b/MMcLjg/J2b00
http://paperpile.com/b/MMcLjg/J2b00
http://paperpile.com/b/MMcLjg/J2b00
https://www.provenance.org/whitepaper
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/iXhy9
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://paperpile.com/b/MMcLjg/rcwBF
http://pubs.rsc.org/-/content/articlehtml/2015/lc/c4lc01459f
http://paperpile.com/b/MMcLjg/2rvr
http://paperpile.com/b/MMcLjg/2rvr
http://paperpile.com/b/MMcLjg/2rvr
http://paperpile.com/b/MMcLjg/2rvr
https://www.techsciresearch.com/report/global-organic-food-market-forecast-and-opportunities-2020/450.html
https://www.techsciresearch.com/report/global-organic-food-market-forecast-and-opportunities-2020/450.html
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://paperpile.com/b/MMcLjg/iknk8
http://dx.doi.org/10.1016/j.eja.2016.05.005
http://paperpile.com/b/MMcLjg/oqm7x
http://paperpile.com/b/MMcLjg/oqm7x
https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
https://cointelegraph.com/news/italian-wines-will-be-recorded-on-blockchain-authenticity-guaranteed
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/CDYU
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/fOz2
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/5QrJ
http://paperpile.com/b/MMcLjg/8xqK
http://paperpile.com/b/MMcLjg/8xqK
http://paperpile.com/b/MMcLjg/8xqK
http://paperpile.com/b/MMcLjg/8xqK
http://breakthrough.unglobalcompact.org/site/assets/files/1332/hhw-16-0025-d_n_digital_agriculture.pdf
http://breakthrough.unglobalcompact.org/site/assets/files/1332/hhw-16-0025-d_n_digital_agriculture.pdf
http://paperpile.com/b/MMcLjg/kukW
http://paperpile.com/b/MMcLjg/kukW
http://paperpile.com/b/MMcLjg/kukW
http://paperpile.com/b/MMcLjg/kukW
https://www.usaid.gov/what-we-do/agriculture-and-food-security/us-government-global-food-security-strategy
https://www.usaid.gov/what-we-do/agriculture-and-food-security/us-government-global-food-security-strategy
http://paperpile.com/b/MMcLjg/1wNIx
http://paperpile.com/b/MMcLjg/1wNIx
http://paperpile.com/b/MMcLjg/1wNIx
http://paperpile.com/b/MMcLjg/1wNIx
http://paperpile.com/b/MMcLjg/1wNIx
http://paperpile.com/b/MMcLjg/1wNIx
http://dx.doi.org/10.1007/s00769-005-0028-1
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/iEgl
http://paperpile.com/b/MMcLjg/6HrW
http://paperpile.com/b/MMcLjg/6HrW
http://paperpile.com/b/MMcLjg/6HrW
http://paperpile.com/b/MMcLjg/6HrW
http://paperpile.com/b/MMcLjg/et6vB
http://paperpile.com/b/MMcLjg/et6vB
https://www.businessinsider.nl/automation-dairy-farms-robots-milking-cows-2017-6/
https://www.businessinsider.nl/automation-dairy-farms-robots-milking-cows-2017-6/
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B


45 

Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources, 11, -. 

https://doi.org/10.1079/PAVSNNR201611035 

Verhoef, P. C., Venkatesan, R., McAlister, L., Malthouse, E. C., Krafft, M., & Ganesan, S. (2010). CRM in Data-

Rich Multichannel Retailing Environments: A Review and Future Research Directions. Journal of Interactive 

Marketing, 24(2), 121–137. https://doi.org/10.1016/j.intmar.2010.02.009 

Versetti, A., & Meyer, S. (2017). Food Supply Chain 2.0. FoodBlockchain. Retrieved from 

http://www.foodblockchain.xyz/wp-content/uploads/2017/06/foodsupplychain2.0_v.1.02.pdf 

Vonder, M. R., van der Waaij, B. D., Harmsma, E. J., & Donker, G. (2015). Near real-time large scale (sensor) data 

provisioning for PLF. In Guarino, M. Berckmans, D., 7th European Conference on Precision Livestock 

Farming, ECPLF 2015, 15 September 2015 through 18 September 2015, 290-297. European Conference on 

Precision Livestock Farming. Retrieved from http://publications.tno.nl/publication/34623333/DBpkjn/vonder-

2015-near.pdf 

Vukolić, M. (2015). The Quest for Scalable Blockchain Fabric: Proof-of-Work vs. BFT Replication. In Open 

Problems in Network Security (pp. 112–125). Springer, Cham. https://doi.org/10.1007/978-3-319-39028-4_9 

Walter, A., Finger, R., Huber, R., & Buchmann, N. (2017). Opinion: Smart farming is key to developing 

sustainable agriculture. Proceedings of the National Academy of Sciences of the United States of America, 

114(24), 6148–6150. https://doi.org/10.1073/pnas.1707462114 

Wang, X., He, Q., Matetic, M., Jemric, T., & Zhang, X. (2017). Development and evaluation on a wireless multi-

gas-sensors system for improving traceability and transparency of table grape cold chain. Computers and 

Electronics in Agriculture, 135, 195–207. https://doi.org/10.1016/j.compag.2016.12.019 

Wani, S. P., Bergvinson, D., Raju, K. V., Gaur, P. M., & Varshney, R. K. (2016). Mission India for Transforming 

Agriculture (MITrA),Research Report IDC-4, 20. Retrieved from http://oar.icrisat.org/9745/ 

Weston, E., & Nolet, S. (2016, August 29). From Bitcoin to Agriculture: How Can Farmers Benefit from 

Blockchain? - AgFunderNews. Retrieved June 21, 2017, from https://agfundernews.com/from-bitcoin-to-

agriculture-how-can-farmers-benefit-from-blockchain6380.html 

Wilkinson, M. D., Dumontier, M., Aalbersberg, I. J. J., Appleton, G., Axton, M., Baak, A., … Mons, B. (2016). 

The FAIR Guiding Principles for scientific data management and stewardship. Scientific Data, 3, 160018. 

https://doi.org/10.1038/sdata.2016.18 

Wingfield, N. (2016, December 5). Amazon Moves to Cut Checkout Line, Promoting a Grab-and-Go Experience. 

The New York Times. Retrieved from https://www.nytimes.com/2016/12/05/technology/amazon-moves-to-cut-

checkout-line-promoting-a-grab-and-go-experience.html 

Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M.-J. (2017). Big Data in Smart Farming--A review. Agricultural 

Systems, 153, 69–80. Retrieved from http://www.sciencedirect.com/science/article/pii/S0308521X16303754 

Wood, D. (2011). Linking Government Data. Springer Publishing Company, Incorporated. Retrieved from 

http://dl.acm.org/citation.cfm?id=2124397&CFID=761307858&CFTOKEN=41392153 

World Bank. (2017). ICT in Agriculture (Updated Edition): Connecting Smallholders to Knowledge, Networks, and 

Institutions. World Bank Publications. Retrieved from 

https://openknowledge.worldbank.org/bitstream/handle/10986/27526/9781464810022.pdf 

Wu, T. (2010). The master switch: The rise and fall of information empires. Vintage. Retrieved from 

http://capitolreader.com/sum/10211-masterswitch.pdf 

Young, L. J. (2016). Open Source Agriculture. Retrieved November 9, 2017, from 

https://www.huffingtonpost.com/leighton-james-young/open-source-agriculture_b_9089772.html 

Zhang, C., & Kovacs, J. (2012). The application of small unmanned aerial systems for precision agriculture: a 

review. Precision Agriculture, 13(6), 693–712. https://doi.org/10.1007/s11119-012-9274-5 

 

http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/UA6B
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/qjiJY
http://paperpile.com/b/MMcLjg/cZIw7
http://paperpile.com/b/MMcLjg/cZIw7
http://paperpile.com/b/MMcLjg/cZIw7
http://paperpile.com/b/MMcLjg/cZIw7
http://www.foodblockchain.xyz/wp-content/uploads/2017/06/foodsupplychain2.0_v.1.02.pdf
http://paperpile.com/b/MMcLjg/17UR
http://paperpile.com/b/MMcLjg/17UR
http://paperpile.com/b/MMcLjg/17UR
http://paperpile.com/b/MMcLjg/17UR
http://paperpile.com/b/MMcLjg/17UR
http://paperpile.com/b/MMcLjg/17UR
http://publications.tno.nl/publication/34623333/DBpkjn/vonder-2015-near.pdf
http://publications.tno.nl/publication/34623333/DBpkjn/vonder-2015-near.pdf
http://paperpile.com/b/MMcLjg/8BO9y
http://paperpile.com/b/MMcLjg/8BO9y
http://paperpile.com/b/MMcLjg/8BO9y
http://paperpile.com/b/MMcLjg/8BO9y
http://dx.doi.org/10.1007/978-3-319-39028-4_9
http://paperpile.com/b/MMcLjg/ZTlt
http://paperpile.com/b/MMcLjg/ZTlt
http://paperpile.com/b/MMcLjg/ZTlt
http://paperpile.com/b/MMcLjg/ZTlt
http://paperpile.com/b/MMcLjg/ZTlt
http://paperpile.com/b/MMcLjg/ZTlt
http://dx.doi.org/10.1073/pnas.1707462114
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/wzLJn
http://paperpile.com/b/MMcLjg/O77Y
http://paperpile.com/b/MMcLjg/O77Y
http://oar.icrisat.org/9745/
http://paperpile.com/b/MMcLjg/Vz4FV
http://paperpile.com/b/MMcLjg/Vz4FV
https://agfundernews.com/from-bitcoin-to-agriculture-how-can-farmers-benefit-from-blockchain6380.html
https://agfundernews.com/from-bitcoin-to-agriculture-how-can-farmers-benefit-from-blockchain6380.html
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/u6lJD
http://paperpile.com/b/MMcLjg/yMCjS
http://paperpile.com/b/MMcLjg/yMCjS
http://paperpile.com/b/MMcLjg/yMCjS
http://paperpile.com/b/MMcLjg/yMCjS
https://www.nytimes.com/2016/12/05/technology/amazon-moves-to-cut-checkout-line-promoting-a-grab-and-go-experience.html
https://www.nytimes.com/2016/12/05/technology/amazon-moves-to-cut-checkout-line-promoting-a-grab-and-go-experience.html
http://paperpile.com/b/MMcLjg/Yqbp
http://paperpile.com/b/MMcLjg/Yqbp
http://paperpile.com/b/MMcLjg/Yqbp
http://paperpile.com/b/MMcLjg/Yqbp
http://paperpile.com/b/MMcLjg/Yqbp
http://paperpile.com/b/MMcLjg/Yqbp
http://www.sciencedirect.com/science/article/pii/S0308521X16303754
http://paperpile.com/b/MMcLjg/CEVjH
http://paperpile.com/b/MMcLjg/CEVjH
http://paperpile.com/b/MMcLjg/CEVjH
http://paperpile.com/b/MMcLjg/CEVjH
http://dl.acm.org/citation.cfm?id=2124397&CFID=761307858&CFTOKEN=41392153
http://paperpile.com/b/MMcLjg/8bHb
http://paperpile.com/b/MMcLjg/8bHb
http://paperpile.com/b/MMcLjg/8bHb
http://paperpile.com/b/MMcLjg/8bHb
https://openknowledge.worldbank.org/bitstream/handle/10986/27526/9781464810022.pdf
http://paperpile.com/b/MMcLjg/0Hsy
http://paperpile.com/b/MMcLjg/0Hsy
http://paperpile.com/b/MMcLjg/0Hsy
http://paperpile.com/b/MMcLjg/0Hsy
http://capitolreader.com/sum/10211-masterswitch.pdf
http://paperpile.com/b/MMcLjg/h0eT
http://paperpile.com/b/MMcLjg/h0eT
https://www.huffingtonpost.com/leighton-james-young/open-source-agriculture_b_9089772.html
http://paperpile.com/b/MMcLjg/DEFZ
http://paperpile.com/b/MMcLjg/DEFZ
http://paperpile.com/b/MMcLjg/DEFZ
http://paperpile.com/b/MMcLjg/DEFZ
http://paperpile.com/b/MMcLjg/DEFZ
http://paperpile.com/b/MMcLjg/DEFZ
http://dx.doi.org/10.1007/s11119-012-9274-5

