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Abstract—To achieve the highest levels of agricultural pro-
duction, it is first necessary to fully understand the information
underpinning complex agricultural systems. This can be achieved
through the use of the latest monitoring technology which can
generate a constant stream of data concerning the agricultural
environment in quantities hitherto unseen. When these data are
analyzed, farmers and government advisors are able to use the
information to guide adjustments in their activities to enhance
productivity. While this kind of approach has been widespread
in many industrial sectors, Thai agriculture has not yet seen
its implementation on a wide scale. This may partly explain
the economic successes in industry while agriculture has lagged
behind, especially in terms of worker remuneration. One further
problem is that a majority of farmers do not have the education
required to take advantage of technology and data analysis. This
study therefore seeks to establish a framework to support the
use of data analytics in the agricultural context, through the
development of a web-based application capable of displaying
performance data in farming and thus solving the key issues in
the agricultural sector to support farmers. The framework will
apply a number of software solutions to support agricultural
production across various disciplines. The information provided
will assist farmers in managing their operations, and will guide
government departments in creating policies and plans for Thai
agriculture in order to develop a modern and efficient farming
sector.

Index Terms—Big data, Agriculture, Data analytics, Sustain-
able development

I. INTRODUCTION

Growing populations have historically brought fears of food
shortages, and in the light of a recent population increase from
3 to 6 billion during the recent half-century, it can be con-
cluded that the demand for food has grown substantially [1].
The United Nations Food and Agriculture Organization (2009)
anticipates a further 30% increase in the global population
until 2050, which will necessitate a rise in food production
of around 70%. Challenges faced by food producers include
pollution leading to the contamination of land or water re-
sources, changes in climate, national policies and planning
outcomes, or changes in societal dietary preferences. All of
these issues can lead to variation on food security, which
is described as the provision of safe and adequate nutrition
to everyone within a society, a country, or worldwide [2].
At the same time, this increased food production must be
accomplished while reducing the environmental impact, which
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at present is claimed to amount to around 20% of current
manmade Greenhouses Gas (GHG) emissions [3]. Numerous
technological studies have been undertaken in the past thirty
years to address these issues, especially those involving crop
monitoring and yield management through the use of satellite
data. The maps created by such systems can focus upon spatial
variability, allowing precision agriculture to be fostered.

Modern agriculture is conducted with the support of both
biotechnology and the latest digital advances such as the
internet of things, the cloud, and remote sensing, all combining
to create the idea of smart farming [4]. However, despite these
advances elsewhere, the situation in Thailand remains rather
limited with minimal improvements made in the agricultural
sector. Although agriculture remains a vital component of
the Thai economy, its global influence is waning as it loses
ground against international competitors. This can partly be
attributed to the low pay incentives in farming in Thailand, and
also a failure on the part of government to provide adequate
technological support for agriculture. Furthermore, a lack of
education among farmers leads to a low rate of uptake for new
technologies and techniques which might lift production.

The use of big data in the agricultural sector would require
significant investments in the infrastructure needed for data
handling [5], especially where real-time processing is needed,
as would be the case in weather and epidemic forecasting [6],
and also in monitoring the effects of pests. Big data would,
however, permit both authorities and farmers to obtain valuable
economic guidance from large quantities of data under analysis
[7]. In other industries, the analysis of big data has already
proven highly effective. The financial sector has been one
beneficiary, while the online behavior of customers is now
better understood, and the techniques have been useful in
environmental studies. Kim et al. [8] revealed that at the gov-
ernmental level, the use of big data has been highly effective
in managing services provided for citizens in addressing the
matters of health care, the economy, disaster relief, and job
creation, among others.

The need for a study of this type is based on the fact
that the analysis of big data is growing in importance, and
its benefits have been demonstrated wherever it has been
applied in other industries. This study therefore seeks to
exhibit the required conceptual framework to support the



development of agriculture through data analysis techniques.
The framework comprises five aspects: farming appearance,
farmer knowledge, strategy for big data, analytical farming,
and farming strategies and solutions. The development of the
ecosystem application aims to present and analyze agricultural
performance in order to propose solutions to farming prob-
lems. The guidance generated will support both farmers and
government agencies in managing their framing activities and
creating long term policies for the agricultural sector. This will
ultimately lead to the development of sustainable agricultural
practices in Thailand.

This research study is structured as follows: the background
to the issue of sustainable development appears in Section
II. The methodology for big data analysis is presented in
Section III. Section IV contains a discussion of the results.
The conclusions are presented in Section V.

II. BACKGROUND FOR SUSTAINABLE DEVELOPMENT IN
AGRICULTURE

A. Big Data

Big data is the term given to a dataset when the quantity of
data within the system exceeds that which can be managed by
a single processor [9]. In such a context, it is necessary to store
and analyze the data using specialized big data techniques
[10]. A number of big data methods are available, but in the
study the emphasis will be placed upon the use of the widely
used MapReduce and YARN MapReduce approaches. At first,
the gathered data will be stored before analysis through an
HDFS storage system. The use of an HDFS storage system
means the data storage is performed in the form of blocks,
which can subsequently be divided into various different block
clusters. In this format, many nodes exist, such as the tools for
big data analytics including Hadoop, or the resource manager,
application scheduler, or node manager tools.

B. Big Data in the Agricultural Context

There are five dimensions which can be applied in catego-

rizing big data:

o Volume (V1): refers to the quantity of data gathered for
the analysis process.

o Velocity (V2): refers to the period of time during which
the data will remain relevant and therefore of use to the
researcher. In the agricultural field, data which concerns
diseases or pests, for example, is only of value within a
certain timeframe, while it can usefully guide a response
to the problem.

e Variety (V3): refers to the idea that multiple sources of
data must be used, gathered over multiple time periods, in
multiple formats. These might include videos and images
and data from remote or field-based sensors, data gathered
on different dates, or images provided at differing spatial
resolutions. Furthermore, such data may be derived from
various applicable domains.

e Veracity (V4): refers to the accuracy, reliability, and
quality of the data, and the extent to which researchers
can have confidence in the information.

o Valorization (V5): refers to the capacity for knowledge
appreciation and distribution, as well as innovation.

C. Existing Systems in Agricultural Development

In studies conducted to date, various methods have been
used to categorize data in the agricultural field [11]. However,
only a small proportion of the total available factors have been
widely applied in the classification of these agricultural data.
Among the current approaches, many have used data mining
methods which provide lower quality data in comparison to
the analysis of big data. However, these approaches fail to
take into account the relationships among the different factors
which combine to influence agricultural productivity and crop
yields. There is also a tendency for the data not to be up to
date. Taken together, these facts lead to low quality data and
results. It is therefore preferable to use big data to achieve
greater accuracy and better predictions [12].

III. PROPOSED RESEARCH METHODOLOGY

A. Study Area

Phayao (shown in Fig. 1), a province in the northern part
of Thailand on the Southeast Asian continent, is selected as
the study area. Phayao province comprises of 9 districts, 68
sub-districts, and 766 villages. The province covers an area of
6,335 square kilometers with a geographical location between
18°44’N to 19°44’N and 99°40'F to 100°40’E. It mostly
comprises forested mountain and tropical climates, with an
approximate elevation of 380 meters above mean sea level.
The province had a population of about 484,454 in 2016.

100°0'0°E 100°30'0°E

Thailand

19°3010"N: 19°300'N

‘krkhaﬁ{'

19°00'N

‘) “Chiang Muan Legend

[ District

r Sub-district

1L Kilometers
0 5 10 20 30 40

100°0'0'E 100°30'0°E

Fig. 1: Study area, Phayao province in the
northern of Thailand



B. Conceptual Framework

The structure of the study involves an examination of the lit-
erature covering a number of different farming activities which
include strategies and marketing, management and information
systems, and the use of new technologies as well as big data.
These ideas are then combined to create a systematic system
of classification and prediction which is based on the use of
big data. Fig. 2 shows the details of this conceptual study
framework.

1) Farming appearance: refers to the physical or virtual ap-
pearance of farming activity through a conceptual framework
which is developed by data gathering. The appearance of farm-
ing also integrates ideas from the literature concerning chain
network management and the implementation of data-driven
strategies [13]. A chain network comprises agents working
together either vertically or horizontally in order to enhance
the value of the farming activity. One significant component of
a chain network is the idea of the value chain, whereby each
step adds value to the process overall [14]. Within the study
framework, the value chain describes the series of actions
from gathering the agricultural data to establishing a strategy
for better farming, and determining the solutions to identified
problems.

The notion of farming appearance also supports the in-
volved organizations in obtaining farm and farmer data, such
as contact details, demographic data, and information about
their farming operations. From the perspective of the big
data analyst, farming appearance is a very important part of
gathering information about farming, which will subsequently
be applied in developing farming strategies and setting solution
targets.
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Fig. 2: The proposed conceptual framework

2) Knowledge of the farmers: this step of the process de-
mands that the datasets be gathered, noting that it is important
to remember the attributes of the initial dataset description.
The datasets which contain attributes relevant to the research
study can then undergo analysis, ensuring that the results of
the study will be wholly dependent upon the dataset which
has been collected, and the attributes it contains. Three key
datasets are examined:

e Knowledge from farmers: this category includes internet-
based data, and when compared with the traditional forms
of knowledge about farming operations it can serve as
additional support, as non-transactional data are added to
the structural data. Data derived from customers can also
be incorporated, either online or via consumer feedback
and communication. Mobile devices can be of assistance
in gathering such data from customers since it allows real-
time interaction and allows data gathering from different
geographical locations.

e Knowledge beyond farmers: other key forms of knowl-
edge can be applied in areas which lie beyond the
immediate realities of farming, such as management
and production, transportation, health care, and personal
identification and verification. This type of knowledge
anticipates the needs of farmers, builds customer rela-
tionships, and helps to develop sustainable farming over
the longer term.

o Knowledge about farmers: this refers to the structural
knowledge of farming operations which is obtained from
a range of sources related to farming activity, such as
sales, logistics, or marketing. It is possible to obtain
customer data through examination of transactional data.
It is possible, for instance, to learn about consumer
preferences by examining the purchase history of those
consumers. In this study, the data can be obtained from
information systems which provide an element of au-
tomation in the buying and selling of goods and services.

3) Big Data Strategy: farmer knowledge generates struc-
tural data concerning matters such as product selection and
transaction histories, while the knowledge from and beyond
farmers generates data concerning social communication and
therefore offers new information. The type of data obtained
from human communication are frequently diverse and het-
erogeneous (verity), generated in real-time (velocity), and
produced in large quantities (volume). Accordingly, the char-
acteristics of big data are met [15].

4) Analytical Farming: refers to the stage of the intended
conceptual framework which emphasizes the intelligent min-
ing of suitable farming data. The aim is to develop the
strategic plans required to enhance farming value in addition
to implementing the changes in culture, organizations, or
measurements which are needed if those strategies are to work
effectively. Accordingly, this stage of the process assists in
formulating a farming strategy which can guide the activities
to be performed. The process can be described as follows:

1) Data pre-processing: some datasets may include a num-



ber of null or inconsistent values; some datasets may
be presented in differing formats. Therefore, the pre-
processing stage is designed to remove these problems
since null values would damage prediction accuracy
while inconsistency can present problems for the al-
gorithms used. The pre-processing stage is therefore
performed using the Weka tool or R studio tools. Once
complete, this stage helps to improve predictive accu-
racy.

2) Data integration: refers to the act of combining items
of data obtained from different sources to provide a
coherent overview of the data and the context. Data
integration is vital is certain cases, such as the business
scenario when companies merge and must also then
combine their databases. The scientific field is another
example, where scientific information must be combined
to present a comprehensive resource to users. R studio
is used to perform this kind of data integration.

3) Map reduction: the Hadoop tool permits map reduction
processes which allow only the relevant data to be
accessed. The use of a map reduction algorithm cuts
down the quantity of data which must be processed via
the classification algorithm.

4) Data classification and clustering: refers to the process of
arranging data by category. This can be especially useful
during later stages when data analysis takes place. The
requirements for each dataset will be determined by the
business or research needs, so data classification helps
to meet these requirements as part of a process of data
management process. Classification of the data is useful
in supporting greater predictive accuracy, and can be
performed using the R studio tool.

5) Visualization: refers to the subsequent project stage in
which the classified data are visualized in order to
achieve a better understanding of the data. It is during
this stage that predictions are made.

6) Performance analysis: one common way to assess the
effectiveness of any kind of application is through
the Receiver Operating Characteristic (ROC). An ROC
curve illustrates performance as a percentage by reveal-
ing the proportion of positive cases which are correctly
classified when compared to those which are negative
and wrongly classified.

5) Farming Strategy and Target Solutions: the development
of a farming strategy requires current and potential farmer
activities to be assessed in order to identify which approaches
might be the most effective. Whether segmentation takes place
on the macro or micro scale, it is important to use target solu-
tions which are linked closely to the strategy and objectives.
As shown in Fig. 3, the aim is to create four strategies on
the basis of individual interactions and the Enterprise Strategy
Map [16].

The most effective form of target marketing involves the
one-to-one learning relationship which is cost effective and
allows individual offers to be personalized and designed for

Ability to interact
with customers
individually

Interacting

Customers
addressed only in
mass media

Standard
products

Tailored
products

Tailoring

Fig. 3: Enterprise Strategy Map

each buyer. The idea of the learning relationship refers to the
gathering of data from the interactions recorded between cus-
tomers and farmers. Therefore, there are more marketers today
who are considering personalization strategies to enhance the
marketing activities of farmers since this can make use of the
advantages offered by one-to-one marketing and the cultivation
of the relationship between buyers and sellers.

IV. RESULTS AND DISCUSSION

The algorithms employed in the course of this research are
described as follows in greater detail:

o Simple linear regression: this model approach allows one
variable to be forecast in terms of another variable. The
variable which is predicted is the measured variable, and
is given mathematically as Y. The indicator variable,
which is used to construct the forecast, is known as X.
For each of the points at which there is an indicator
variable available, the prediction technique is known as
straightforward relapse. When basic direct relapse occurs,
X is used to forecast Y, and the results of the plotted
outcomes will appear in the form of a straight line.

o Decision tree: this approach offers a regulated and non-
parametric strategy which can achieve both order and
relapse. The aim of the model is to provide predictions
for an objective variable by making basic choices ac-
cording to directions obtained from the highlights of the
information available.

The simple linear regression approach can be applied when
predicting basic agricultural parameters such as rainfall, tem-
perature, crop prices, fertilizer costs, moisture content, prof-
itability, and so forth. meanwhile, the decision tree approach
will be better suited to questions concerning which crops
would be more appropriate under which conditions. Sample
data can be analyzed using big data tools such as Hadoop:
first of all, the data can be imported into the Hadoop HDFS
cluster, before SQL queries are used to obtain the required
data. The values derived can then be cross-checked against
the values which were obtained when algorithmic analysis was
performed.

Figures 4 and 5 show examples of this approach, presenting
the results for the data visualization concerning temperature
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and rainfall in Phayao province during the period from 1995
to 2015.

Analysis of the data can generate results which are applica-
ble in the context of supporting farmers. It can help farmers to
enhance their productivity through better communication with
government departments and the creation of centers staffed
by experts in order to assist farmers. There are, however,
certain limitation, such as a lack of suitable guidance in the
use of pesticides or fertilizers in comparison to previous usage
patterns. It is also necessary to make changes to facilities for
data storage as the huge quantities of data required in big data
analysis will be stored in the cloud.

V. CONCLUSION

While the use of technology is broadly spreading very
rapidly, its use in the agricultural field has not been as
extensive as in other industries. This is especially true in
Thailand, despite the obvious importance of agriculture to the
Thai economy. The weaknesses in agriculture include poor
general knowledge of which crops can be grown in which
season, and the prices which can be expected, especially when
government subsidies introduce higher prices for certain crop
types. The use of big data for agricultural analysis can help to
provide a better understanding of agriculture for farmers and
also government agencies. This study contributes to the current
knowledge base by establishing a conceptual framework for
the use of data analysis to support the agricultural sector.
Development of the web-based application has been based
on the need to display and analyze agricultural data so as
to address the various problems encountered in farming. The
findings of the study will be applicable in the context of
supporting farmers and policy makers in planning their agricul-

tural practices and policies to develop sustainable agriculture
for Thailand in the long term.
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