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Abstract. Big data is a concept that has changed the way to analyse data and
information in different environments such as industry and recently, in
agriculture. It is used to describe a large volume of data (structured or
unstructured data), which are difficult to obtain, process or parse using
conventional technologies and tools like relational databases or conventional
statistics, in a reasonable time for their insight. However, Big Data is applied
differently in each area to take advantage of its potential and capabilities.
Specially in agriculture that presents more demanding conditions due to its
inherent uncertainty, so Big Data methods and models from other environments
cannot be used straight away in this area. In this paper, we present a
review/update of term Big Data and analyse the evolution and the role of Big
Data in agriculture outlined the element of collaboration.
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1 Introduction

Agriculture has been a sector with few influences of new technologies, such as
Internet of Things (IoT), Cloud Computing or Big Data. Indeed, advanced
technologies for data like Big Data or Advanced Data Analysis have not been used
until the last decade, although it has always been an area focused on the use and
exploitation of data (manual data management in its origins).

Recently, the modern technologies have been introduced in agriculture and it raised
new concepts such as Smart Farming. This new concept has burst in to stay and
banish old terms like Precision Agriculture. Also, these technologies make the old
procedures (re)adapt and new automatized procedures emerge for improve daily
management farming and increase collaborative networks between stakeholders.

Therefore, the main contributions of this paper are: the literature update of term
Big Data, the proposal of an actual review of Big Data in Agriculture, a description of
evolution of Big Data from its origins towards nowadays, and the role of Big Data in
collaborative networks.

In order to write this paper, we searched well-known databases, such as Scopus or
Elsevier. Searching has focused on most relevant articles to the area of Agriculture



460 M.A. Rodriguez et al.

research describing or using Big Data. In this way, we used the following search
keywords: [“Precision Agriculture” OR “Smart Agriculture” OR “Precision Farming”
OR “Smart Farming”] AND [“Big Data”] Also, the research has been carried out
since the year 1980-1990, when the terminology of old term (Precision Agriculture) is
already used, until now, when the use of new term (Smart Farming) has spread. Our
analysis is divided in two stages: (1) providing a review and an update of term Big
Data, and (2) summarizing evolution of Big Data in Agriculture highlighting the
aspect of collaboration. Therefore, this paper is organized as follows. In section 2, a
review of overview in Big Data are detailed. An evolution of Big Data from Precision
Agriculture towards Smart Farming and its implications are described in section 3.
Finally, in section 4 conclusions of this paper are exposed.

2 Big data: An Overview

The term Big Data was coined by Cox and Ellsworth in 1997 [1]. And that term was
used to describe a problem they observed: “data sets are generally quite large, taxing
the capacities of main memory, local disk, and even remote disk”. The supercomputer
they used for their Computational Fluid Dynamics research often generated large
amounts of data (could exceed 100 Gbytes) that could not visualize or process.

However, the concept Big Data does not refer only to the amount of data. As can
be seen in his characterization in 2001, Laney [2] provided Big Data with 3
dimensions:

- high Volume (V1): Size of data. The important increase in data size.

- high Velocity (V2): Real-Time data. It has also increased the speed of data
generation. This means that their access and analysis must be within a reasonable time
to take advantage of this data. That is to say, the data not only must be available
immediately, moreover data must be analyzed while data is useful and relevant.

- high Variety (V3): Muti-source. There is a wide variety of structured or
unstructured data sources.

These three dimensions are focused on the storage and processing of data, but there
is a lack of analyze the data. Subsequently, in 2012 Laney [3] added two dimensions:

- Value (V4): Insight. Extract knowledge from the data.

- Veracity (V5): High Quality. The data must be reliable.

The Table 1 quantifies in numerical data the meaning of the 5 V’s. In the table it
can be noticed that Big Data is more than huge data, also it is different kinds of data,
streaming data and data quality. Standing out the significance of last two V's, because
they play an important role in decrement corporate earnings due to, for instance, the
expenditures for poor data quality and its inadequate management. Specially veracity,
because without it; Big Data is less accurate, confidence, consistent or reliable. By
this way, inconsistent and unreliable data sets will result in inconsistent and unreliable
knowledge [4].



Table 1. Quantification of meaning of the 5 V’s [5]
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VOLUME VARIETY VELOCITY VALUE AND
VERACITY
SIZE OF DATA MULTI-SOURCE REAL-TIME DATA INSIGHT AND
HIGH QUALITY
90% of today data has 90% of 216.000 Instagram Poor data
been created in last 2 generate data is posts / every 60 quality cost
years unstructured seconds business 600
billion a year
Every day we create 204.000.000 email
2.5 quintibillion bytes 80% of data is video, sent / every 60 30% of data
of data images and documents seconds collected by
marketers are not
Facebook has 1 petta 50.000 GB/second is usable

the estimated rate of
global Internet traffic

bytes of storage

Therefore, as Laney indicates: “Big data is high volume, high velocity, and/or high
variety information assets that require new forms of processing to enable enhanced
decision making, insight discovery and process optimization”.

After Laney, the definition of Big Data was unified and most used the
characterization of Big Data in dimensions to define it. Such is the case of NIST [6],
IBM [7] and Oracle [8]; which uses 5 V’s, only uses 3 V’s, and focuses on the
challenge of traditional databases, respectively. According to this, the authors’
definition is, Big Data is an effective way to store, process and analyse large amounts
of data that are generated nowadays according to business needs.

The Big Data applications are many, such as healthcare [9] to provide better
medical attention to the patient; governments organization [10] to controlled
governance dynamics, industry [11] to opens a bright perspective for smart
manufacturing or agriculture [4] to improve the productivity in farms or crops.

3 Evolution of Big Data in Agriculture

Agriculture sector was delayed in introducing new technologies such as IoT or Big
Data. The IoT concept in agriculture appears for the first time in studies dating from
2010 [12] and it is described as a wireless automation system by monitoring crop and
farm data [13]. And Big Data concept in agriculture appears in decade of 2010s and it
is described using characterization of 5 V’s [14]. Agriculture has always been focused
on data. In fact, farmers have always collected amounts of data on their crops and
soils for its daily management. That data collection was initially manual and, later, it
was automated, until our days is fully automated thanks to the IoT [15].

The use of new technologies in any area, is associated with the appearance of new
terms, and in the case of agriculture, two terms must be highlighted: Precision
Agriculture and Smart Farming.
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3.1 Precision Agriculture

This concept is special, because over the years it has undergone a change in its
meaning and use. Precision Agriculture was presented for the first time in the late
1980s [16], when new Information and Communications Technology (ICT) in
agriculture were not yet developed. But it was not until 1990s, when the application
of this term began to appear in scientific studies.

At the beginning, in mid 1990s, Precision Agriculture was based as the
management of crop, for instance, targeting of fertilizers and herbicides, according to
locally determined (‘meter-by-meter’) requirements, that is to say, precision refers on
geolocated data of soil and crop parameters [17]. After ten years, in 2000s, farmer
was used complex data such as images or photographs. Detailed spatial information
like digitized aerial photographs on crop is needed for controlling crop operations. In
this case, Precision Agriculture refers to the application of geospatial technologies
(like Geographic Information System, GIS) that allowing farmers access and visualize
to images that influence their decisions for the purpose of improving crop
performance [18]. Finally, in decade of 2010, as a result to the emergence of IoT and
Big Data, everything was based on monitoring data in real time and management of
large amount of data that it generates. Furthermore, the concept of Precision
Agriculture that is known and used nowadays, is defined as management of
agricultural plot by monitoring, data processing and intervention of crops to optimize
the consumption of resources and provides the farmers an added value of decision
making for exploitation daily operations and management. [19].

The Figure 1 below, shows the evolution of concept Precision Agriculture over the
years. As times goes by, it can be observed that in decade of 2000 in agriculture only
2 of the 3 dimensions that were characterized at that time were used. Volume (V1)
and Variety (V3) were being used with the introduction of the use of images, because
it was possible to have data sources of different types and, in addition, a large size of
data was collected. However, Velocity (V2) was not achieved, because data not
collected in real time, although sending of the complex data like images were faster
than in previous times, it was collected quasi real time not full real time. In fact, it
was not until the year 2010, when the Velocity (V2) was achieved, thanks to the
monitoring with sensors the sending and acquisition of data in real time.

Precision Agriculture
- - g
© O O

O
A

Simple Geolocated Complex Real-Time
Data Data Data Data
(Structured Data, (Spacial Data, (Semi-Unstructured Data, (Unslrgclured Data,

Relational Database) Spacial Database) Geographic Information Big Data,
p: Time Series Database)
System)
‘ VOLUME (v1) | VELOCITY (V2)

‘ VARIETY (V3) |

Fig. 1. Evolution of Precision Agriculture
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3.2 Smart Farming (Smart Agriculture)

Recently, we have get used to see word Smart associate to other words like city
(Smart City), industry (Smart Industry), health (Smart Health), etc. The fast
proliferation of Smart applications in multiple sectors, is mainly due to the existence
of calls for proposals of European Union's Research and Innovation funding
programme such as FP7 (first Smart was Smart City) or current programme Horizon
2020 (Smart Transport, Smart Energy, Smart Farming, Smart Agri-food, etc).

The term Smart Farming emerges after the concept Precision Agriculture and both
are inherently related. At the beginning of 2010s, the term Smart Farming [20] began
to be used to refer to that new advanced definition of Precision Agriculture. The
aspect of precision (location / geolocation data sent by satellites) disappears, and it
materializes on aspect of Smart (real-time data sent by smart sensors -IoT
architecture-, which highlighted for their ability to communicate its data). In
agriculture sector, many Smart Farming applications supports a large amount of
heterogeneous real-time data sent by sensors. [21] This kind of data is considered Big
Data with 5 V’s, because the term Smart assumes the challenges of last two V’s:
insight and high-quality.

Another aspect relevant in this new term is collaboration. In Precision Agriculture
farmer is the main figure or responsible of data and has his own local database system
(1980-2000) that he does not share with other farmers, suppliers, etc. New
technologies as a Big Data, [oT and Cloud Computing (after 2000), have been able to
increase collaboration quickly, because the data is in cloud database systems that can
be shared and this real-time data that help to accelerate decisions making.
Consequently, decision making be able to include more interlocutors. Everyone can
visualize the same data (although each kind of stakeholder sees the information in a
different way according to their knowledge). In addition to collaborating in decision
making, the information runs between all of them in a connected way, that is, the
isolated farm becomes a connected farm [22]. The idea of connected farm that
appears in Smart Farming, is the fundamental vision of collaborative systems in
agriculture. The role played by Big Data in the connected farm is of vital importance
and, as already mentioned, it has to assume the challenge of the last two V's. Both
daily decisions and strategic decisions of the farm, it is necessary to have adequate
information extracted from the data (remember that depending on the stakeholder the
information must be presented in a different way) - this is provided by Value -; and
also, the information has to be of quality (poor data can cost wrong decisions) -this is
provided by Veracity-. And, the role played by IoT in the connected farm is also
relevant, mentioned in [15], for instance, Flspace [23] (European business-to-business
collaboration IoT platform — belongs to FP7) can exchange data or use shared and
customizing solutions with minimal costs to help small or medium sized companies.

The Figure 2 below, adds the evolution of concept Smart Farming in Figure 1
previous. It can be observed that in decade of 2010 Smart Farming consumes
Precision Agriculture, and it incorporates the last two V’s (Value and Veracity).
Moreover, this aspect of the transition makes it enhancer faster the collaboration
between stakeholders.
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Fig. 2. Evolution of Smart Farming

As an example of Smart Farming application is Agricolus. This system uses IoT
(crop and soil monitoring), Cloud Computing (process data in cloud), and Big Data
(farm management and decision support system for treatments and fertilizers) [24].
And data process of solution is similar to Big Data process. In Big Data, the first step
is to capture and save the data -V1, V2 and V3- (in Agricolus the recollected data
provided by sensors), the second step is to prepare and transform data -V5- (in
Agricolus the store data is converted in data quality) and, finally, the third step is to
analyze the data and act (in Agricolus the data is analyzed and visualized in
application to support decisions about agricultural operations). Each of the phases of
Big Data process presents challenges, mainly the second step (data preparation and
transformation). For instance, this step requires 80% of effort and time, due to the
particularities of any dataset (different formats, missing values, duplication of data,
...) and its subsequent cleaning, selection and transformation to value data [25]. To
reduce this time, could automate data preparation in field of agriculture with a tool
such as START (Soil daTA Retrieval Tool) [26]. It was designed to automated
preparation of soil input data files for multiple crop models. This tool consumed about
33% of time compared with 80% of time in manual preparation. However, they do not
mention that automatization must be without lost data quality -V5-.
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4 Conclusions

This paper has defined Big Data for characterization of 5 V’s (Volume, Velocity,
Variety, Value, Veracity) and we have provided a more up-to-date and simple
definition of the term. Also, we have updated concepts of Big Data in agriculture, for
that purpose we have explained the evolution of new technologies focused on data in
agriculture. Finally, we have described collaboration as another aspect of Big Data
application.

Without being aware of it, the Big Data approach has always been present in this
sector. On a daily basis, large amounts of data are collected and analysed in crops or
soils. Before the arrival of digital transformation and TICs, many of these procedures
were done manually and only the farmer was responsible for the data and decisions.
But nowadays, everything is automated, and the farmer is part of a collaborative
network. Moreover, agriculture is to be congratulated, research and innovation in this
field is being encouraged from the EU Framework Program called Horizon 2020. For
instance, [0F2020 explores the potential of IoT for food and farming industry [27].

To conclude, we have observed that Smart Farming is more collaborative than
Precision Agriculture, and only with new technologies as Big Data (5 V’s) and IoT,
connected farms is a reality. In addition, the future with automatized tools for data
preparation or new concept Data Lakes (repository of structured and unstructured big
data) present new challenges such as quality and ethics in data and overload of
information.
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