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Abstract. With the advent of big data today, agricultural research institutes have
stored enough data in databases at every level. This data contains a lot of knowledge
that is often not well known by researchers and on the other hand, it may contain
hidden semantic relationships. Therefore, it is important to find an adequate storage
system for these data in order to discover new useful information that can be shared
between the different actors in the field to improve agricultural productivity in
Burkina. The concept that best responds to this storage and analysis problem is
the data lake. Indeed, data lakes offer the possibility of storing a large volume of
datain any format and data structure. They also provide services for data access and
analysis. Our work revolves around the integration and storage of agricultural data
(structured, semi-structured and unstructured). With the plurality of agricultural
storage systems, the heterogeneity of the actors in the field and the disparity of
the tools leads us to think that the data lake is a solution.

The purpose of this essay is to investigate data lakes and their requirements
while also putting out a broad framework for an agricultural data lake in Burkina
Faso.

Keywords: agriculture - data lakes - architecture - ingestion - exploration -
treatment - questioning - metadata

1 Introduction

Agriculture in developing countries is characterized by low harvests and, consequently,
some limited yields [1].

The main activity of the population in Burkina Faso is agriculture. It employs 86%
of the active population. However, traditional agricultural techniques and climate con-
ditions are still present.[2]. Variations in temperature and meteorology have impacts on
all fields and in particular on agriculture in general. Indeed, in the absence of adequate
rainfall and appropriate temperatures, harvests are poor. To better boost agriculture in
Burkina and increase its yield, a redefinition is necessary.

In order to improve agricultural productivity and yield in Burkina Faso, the Institut
de Environnement et de Recherches Agricoles du Burkina Faso (INERA) is one of the
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four specialized institutes of the Centre National de la Recherche Scientifique et Tech-
nologique (CNRST) in charge of agricultural and environmental studies and research.
INERA’s missions are to generate knowledge and technological innovations to improve
plant, animal, forestry, wildlife, and fisheries production; to develop and conduct research
for the sustainable management of natural resources; to provide technical support for
agricultural, environmental, and forestry development; and to link research and develop-
ment, including technology transfer and innovation. Teams of researchers are constantly
collecting data for their studies. In addition, it should be noted that technical agents,
depending on their specialities, collect and disseminate farm data, meteorological data,
soil data, environmental data, etc.... Due to the diversity of this data, a global situational
analysis seems difficult to achieve.

The digitization of agriculture, which has emerged since the mid-2010s, is the answer
to this need. It defines agriculture and, more broadly, a food system through the use of
digital sciences and technologies such as data acquisition (satellites, sensors, connected
objects, smartphones, etc.), transfer and storage (3G/4G/5G coverage, low-speed terres-
trial or satellite networks, clouds), and on-board or remote processing (supercomputers
accessible via very high-speed communication networks, artificial intelligence) at all
levels of agriculture[3].

In fact, the introduction of new tools and technologies, combined with agronomic,
meteorological and environmental knowledge, could help improve productivity. This is
why, taking into account the extension and dissemination of this data, it becomes essen-
tial to cope with the adversity of nature and improve agricultural yields. It is necessary to
use the explicit knowledge of researchers, engineers, and technicians who have various
results in order to make them accessible and, at the same time, contribute to improving
agriculture in Burkina Faso. To do so, we propose the following steps: (i) opening up
agricultural, meteorological and environmental research data; (ii) linking these data by
properly structuring domain and process knowledge; and (iii) finally, scientific knowl-
edge of climatic, agronomic and territorial data will be combined and shared among the
different actors.

The approach we propose for the sharing, extension and dissemination of agricultural
knowledge in Burkina Faso is a data lake approach.

The data lake domain (used as a staging area or data source for data warehouses
or used as an experimental platform for scientists or data analysts) is booming and
providing a solution in terms of storing large quantities of structured, unstructured or
semi-structured data with the possibility of storing different types of data in their original
format [4]. In addition, this type of platform poses no constraints in terms of file size or
category. It enables high-performance data analysis and native integration.

In agriculture, Madera and Al. [5] try to answer the following questions about data
lakes.

What is this entry-level concept? What is its definition? How does it compare to
traditional data warehousing and analysis architectures? What are the main components
of this architecture and how do they impact the design of agricultural information systems
in general?

Following this introduction, Sect. 2 below provides the background. Section 3 then
presents a list of data lake definitions, a review of existing data lake architectures and in
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Sect. 4, general architecture suggestions for building an agricultural data lake. Finally
in Sect. 5, the conclusion of the article followed by some perspectives.

2 Context

The development and use of agricultural information requires the mobilization of exten-
sive sets of knowledge. Computer or agricultural knowledge, contextual or general,
theoretical or empirical, explicit or tacit, etc. all this knowledge that the expert has and
that the novice lacks.

Taken in isolation, the information contained in the processing descriptions is not
knowledge. They only become so when they are linked to other knowledge that makes
it possible to decide on the action to be taken to achieve the considered need [11].
Thus, a novice user who would only have a simple catalog of processing descriptions
could not make the chain of decisions that leads to the realization of his need. In this
context, three objectives emerge: the collection of agricultural data which are massive and
highly heterogeneous for better monitoring of agricultural production; the enrichment
of this data because of its diversity, with each other to bring out hitherto unknown
information which will be used to better understand agricultural knowledge such as:
discovering the cause of performance of certain areas over others; the spatial distribution
and concentration of crops according to their yields and cultivation periods; data analysis
and visualization to provide specialists with biological data.

A computer system is therefore essential to support the analysis of such a quantity
of data and several constraints will have to be taken into account by offering: a unified
solution allowing the storage and analysis of the different documents at the same time;
a wide range of advanced analyses, allowing in particular to summarize, describe and
compare groups of documents. However, it should be noted that the analyses will be
carried out by business users, it is essential to offer them an autonomous solution and
therefore not requiring any particular skills in data processing.

Finally, the desired tool for the storage and analysis must be extensible so as to
support the later on axes and types of analyses not yet determined.

On the other hand, the concept able to best respond to the mentioned constraints
is the data lake. The big evolution of data lakes is that it makes data processing more
operational, as it is able to react to data in real time. In addition, it should be noted
that the data lake manages both structured and unstructured data, and offers a very wide
range of analyses.

3 Data Lake Architecture Review and Requirements

Today, the concept of data lakes is used in academic and personal contexts. In the area
of infrastructure management, they are starting to grow [6]. They are also recognized as
a new direction in agricultural data management.

The concept of a data lake is quite new and was introduced by Dixon in 2010 who
uses the following analogy as a definition: “If you think of a data mart as a bottled water
store - cleaned and packaged and structured for easy consumption - the data lake is a
great quantity of water in a more natural state. The contents of the data lake flow from a
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source to fill the lake, and various users of the lake can come and examine, dive or take
samples” [7]. This concept provides an answer to the management of Big Data as a data
store that can store indefinitely very large amounts of raw data in their original format.
This storage methodology facilitates the coexistence between different schemas and
data structures. Generally, this storage concerns objects or blobs (Binary Large Object),
which is a mass of data in binary form that does not necessarily conform to a file format.
All company data is stored in a single data lake. In addition to transformed data, there is
raw data, which contains copies of data from various source systems. This data is used
for reporting, visualization, analysis or machine learning.[8]. The data lake diverges
from data warehousing, which usually translates into an integrated, highly structured,
subject-oriented BI database. In addition, the data warehouse has the shortcoming of
dividing data into hermetically sealed silos [9].

However, over time, various definitions and synonyms of this concept have been
discovered in the literature, as data hub [10], data reservoir [11], data laboratory [5].

Finally Hail et al. [12] in their proposal define a data lake as: “a flexible and scalable
data storage and management system that ingests and stores raw data from heterogeneous
sources in their native format, and provides on-the-fly query processing and data analysis.
On the basis of this definition, we retain that the data lake: (i) stores raw data. (ii) is not
just a simple storage system; (iii) supports on-demand data processing and querying;
(iv) a human expert must be able to provide additional data about the data source if the
metadata cannot be automatically extracted from its source.

A data lake should retain [13] the raw formats of the data and provided: services
that make it possible to integrate any type of data; cataloguing services to make the data
accessible according to well-defined metadata standards; data management metadata
according to well-defined standards; data management; logical and physical design and
scalability.

With respect to data lake architecture, existing research describes the structure and
components of the system that specify the storage, organization, and use of data. [14—16]
report the distinction between basin or zone or layer architectures. A recent survey of
data lake architecture by Sawadogo et al. [16] confirmed this.

The basin architecture [17] distributes the ingested data according to its state and
use. The ingested data is first stored in a raw data pool that processes it. The data pool is
actually a staging area, as the data is then packaged and transferred to one of the analog,
application or textual data pools. The associated processes prepare the data for further
analytical processing. Afterwards, the data that is not/no longer actively used, but could
be useful again, is stored safely for a long time in the archive data pool.

In contrast, zone architecture [11, 18] separates the life cycle of each value set is
organized in various phases. So, one could decide on the existence of specific areas for
data loading and quality control, areas for storage of these raw data, cleaned and validated
data storage, data discovery and exploration, or use data for business analysis/research.
In the literature in general, the zone architecture considers three (03) [19] or four (04)
[20] or even six (06) zones [21] and in this architecture, the components depend on the
level of maturity of the data, while they follow the data format (structured data, textual
data, sensor data, etc.) in the basin architecture [15, 22].
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The zone architecture or the data pond architecture usually lacks technical details
about the functionality, which prevents modular and reproducible implementations.

To overcome this lack, a proposal to classify the architectures into three (03) groups
has been made [16]: functional, based on data maturity and hybrid. For [16] the basin
architecture can indeed be considered as a variant of the zone architecture, because
the location of the data also depends on its level of refinement. Following their ideas,
functional architectures define the components of the data lake with respect to a set
of basic functions. The basic functions are: data ingestion consisting of the transfer of
data into the lake, data storage to hold raw and refined data, data processing and its
accessibility.

The architectures-based on data maturity allow to plan and organize the data life
cycle.

In a hybrid data lake architecture, components rely on both traditional lake functions
and the degree of data refinement.

On the other hand, some authors, such as Giebler [23], believe that data ingestion,
storage, and organization are not enough for a data lake, and propose a complete nine-
dimensional data lake platform.

4 Proposal for a General Agricultural Data Lake Architecture

The role of agriculture is essentially to provide food for humanity. To reach these objec-
tives, it must work with agronomy. The latter brings to agricultural activities the necessary
scientific and technical knowledge.

Indeed, agronomic sciences cover agricultural production systems, including soil
management, Agri-environment, plant and animal production, agricultural management
and financing, as well as food processing. They seek to address the challenges of man-
aging agriculture, territories and resources in a sustainable development perspective.
Agricultural researchers in general and those of Burkina Faso in particular can be in
charge of fundamental or applied research such as laboratory or station experimenta-
tion, or even the implementation of studies, surveys and the dissemination of knowledge.
As such, they collect a lot of data. The data concern in particular surveys or observations
in the field which are generally composed of temporal, spatial and thematic information.

In some cases, information systems are designed and developed by different research
teams to facilitate the exploitation of data collected in various research programs, usually
constituting autonomous and heterogeneous data sources.

In many other cases, research activities are conducted and scientific data, although
informative, are transcribed into text documents or tabular files or images and videos are
taken with various cameras that appear several times. These do not allow for an overall
analysis of the situation, which does not facilitate the exploitation of the data.

Given the multitudes of storage sources, data sources, and varieties of data (struc-
tured, semi-structured, and unstructured), building a single storage repository seems
appropriate.

Thus, to support agricultural researchers in their data management activities in an
effective and efficient manner, we propose the use of a data lake, a concept introduced
by Dixon in 2010 as a solution to the problems of data wake and variety.
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The data lake we propose will label the data as it is ingested into the lake. Furthermore,
these data are categorized according to their format and maturity level, among others.
Subsequently, the user can then, on demand, group the lake data into pools or zones
using the categorizations that are stored in the metadata system. For these reasons, we
prefer not to base ourselves on an existing architecture, but rather to list the components
that we consider important for the proper functioning of our lake.

The proposal made is the construction of an agricultural data lake that takes into
account four components: (i) the ingestion of data whose objective is to facilitate the
creation of metadata, (ii) the storage of data that can contain any type of data, (iii)
the system of metadata allowing to find one’s way in the lake, and (iv) finally the last
component which is the exploitation of the data lake within which all types of use and
analysis of data can be envisaged (Fig. 1).
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Fig. 1. Proposed agriculture data lake architecture

4.1 Data Ingestion Layer

In the literature there are three ways of transferring data: batch, real-time processing
or a combination of both. In our work we will focus on batch ingestion. This method
processes data based on ingestion properties. Small batches of data are merged and
optimized for fast query results. Batch ingestion includes activating a pipeline to enable
binding between a source and multiple storage destinations. Tools such as Sqoop, Flume
(specialized in log collection, processing and transfer) and Kafka can be used for this pro-
cessing [25]. However, to ensure data reliability, pipeline monitoring must be performed
on an ongoing basis.

The different sources of agronomic data are very heterogeneous, especially in terms
of format, type (CSV, XSLX, JPEG, HTML, RDF, etc.), naming, coding and vocabulary
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used. Faced with this heterogeneity, we are going to create a dictionary to list the available
metadata, the redundancies, the contradictions or the complementary.

4.2 Data Storage Layer

Data storage and centralization are key objectives of data lakes and must be achieved
in an agile, secure and streamlined way. All data is stored in any format (structured,
semi-structured and unstructured data).

There is a wide range of technologies and techniques used and usable for storing
data in lakes: Hadoop Distributed File System (HDFS) whose data is very often stored
in blocks of 64 MB by default in data lakes using a file system; Relational DBMS like
MySQL, PostgreSQL and Oracle are used for storing small volume structured data;
Non-relational or NoSQL (Not Only SQL) DBMS (Database Management System) is
also a data storage system providing scaling, distributing and replicating data across
multiple machines.

The storage layer in our work is to store raw data, as well as metadata (including
refined data). To do this, it exploits a combination of storage systems. Each of these
systems is adapted to a specific storage. Thus, a simple file system is used to store the
raw data. A graph-oriented DBMS to materialize the relationships between the metadata
contained in the lake. A document-oriented DBMS to store the refined representations of
the textual documents. And finally, a relational DBMS to store the refined representations
of tabular and image documents.

4.3 Metadata Management

The result of a data lake should be useful knowledge for the users. It is important to
prevent a data lake from becoming a data swamp, hence the importance of data gover-
nance. Metadata management is a defined process for managing data. An organization
uses it to ensure the quality of that data and its availability throughout its life cycle [26].
The implementation of the data lake is the done through data governance. It provides
benefits such as: (i) identifying the owner of a dataset for example and possibly having an
idea of the person contacted in case of questions that directly target them; (ii) managing
standardized definitions allowing a user to have an idea of the correct values of a given
element; (iii) define how data is used in a business process; (iv) improve data security
by protecting it with access rights; (vi) improve data traceability; and (vii) understand
the life cycle of data stored in the data lake, including metadata management.

4.4 Data Exploitation Layer

Finally, the data exploitation layer enables querying of data stored in the data lake. It
consists of two complementary interfaces. On the one hand, a REST API allows to
analyze or extract data from the lake using a precise formalism. On the other hand, a
graphical interface allows to perform the same treatments through a web application.
These two tools allow a differentiated access to the lake data according to the users’
profile. Thus, data scientists access the lake data through the REST API and business
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users through the graphical interface. This gives our data lake an inclusive character,
unlike most data lakes that are data scientist oriented [26-28].

The dual interface for accessing our data takes the form of a web application, for
example a client-server application accessible via a web browser. It follows a back-end-
front-end architecture. This structure offers a modularity that facilitates the scalability
and maintenance of the system. It also allows us to provide differentiated access to the
lake data, depending on the user’s skills.

The back-end interacts directly with the storage layer, from which it extracts and
makes available data through microservices. These micro-services are predefined (but
customizable and extensible) functions that facilitate and standardize the interrogation
of the lake’s data and metadata.

The front-end is in practice a graphical interface that provides intuitive and visual
access to the lake data. It reuses the micro-services developed in the back-end.

The dual data access interface allows users to extract data from the lake in its raw
form, or to perform a set of analyses using predefined but extensible functions, presented
through services. These services can be grouped into two types: data retrieval services,
on the one hand, and aggregation or content analysis services, on the other.

5 Conclusion and Perspectives

Under the pressure of the environmental crisis, seasonal risks according to the emer-
gence and progression of crop diseases and pests, and in the face of social and demo-
cratic demands, agricultural practices and policies must evolve in Burkina Faso. Faced
with this challenge, researchers in various agricultural fields and technicians are produc-
ing voluminous data (e.g., collected experiences) in different formats to stimulate this
agricultural production.

The need for agricultural researchers is to have a centralized software platform
capable of hosting, processing and sharing these data in different formats and from
different data providers.

Advances in this direction already exist, with the platform [28] that enable manage-
ment of agricultural processes and provide farmer solutions that help sustain the process
in terms of spatial distribution, water management, and maintenance of mechanical
systems.

The platform [29] proposes an economic model by minimizing the environmental
risk of total nitrogen load as a function of irrigation water demand, land availability and
food supply while maximizing agricultural economic returns and environmental fluxes;
and [30] manages data and integrates low-energy IoT embedded devices to turn smart
agriculture into actionable knowledge.

In addition to agricultural and farm equipment data platforms, powerful decision
support tools, and comprehensive agricultural databases [31], documents and tabular
files are created.

However, unlike these different platforms, the uniqueness of our approach is that it
accepts multiple types of raw and heterogeneous data inputs (binary image files from
cameras; tabular files, reports, and ontologies enriched with their own annotation for
the process of correlation and synchronous variations of certain functions or risks of
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severe disorders) and allows various researchers to be able to communicate their data
and combine these independent data sources to discover new knowledge.

In our work, we propose an agricultural data lake following an approach whose
internal structuring is made according to the following basic functions: ingestion layer,
storage layer, metadata management layer, data exploitation layer.

In the proposed data lake architecture, data is extracted from the sources and passes
through the ingestion layer. There, the metadata is created and stored in the metadata
system, while the data is deposited in the storage layer. The user can then browse the
metadata to learn more about the data in the lake and eventually select the datasets that
can be used for a specific need. He can then conduct any kind of analysis on the selected
data.

Future work will continue to advance our project by doing extensive research on data
and metadata management to allow different actors to easily access raw data without
having to browse through large and diverse data files.
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