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Agriculture is both highly dependent on water resources, and impacting on these resources. Regardless
of advances in the area, the impacts of water scarcity and climatic changes on agriculture, as well
as the impacts of agriculture on water resources, remain uncertain. Potentially, collaborative systems
can support the management and information sharing of multifaceted and large scale data sources,
providing valuable and indispensable information for research. However, these solutions rely on semantic
interoperability, the construction of complex knowledge representation models, as well as information
recovery. This work describes interoperability issues in the engineering process of the OntoAgroHidro,
an ontology that represents knowledge about impacts of agricultural activities and climatic changes on
water resources. The paper presents representative scenarios and questions, and discusses the reuse
and integration of concepts using knowledge visualization techniques. Experiments on the information
recovery scenario point out the potential and limitations of the OntoAgroHidro.
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1. Introduction

Climate changes impact our lives in a series of chained events, in
terms of the effect on water supplies, agriculture/food production,
urbanization, electric power generation, to cite a few. According to
The United Nations Framework Convention on Climate Change [1]
climate change means “a change of climate which is attributed
directly or indirectly to human activity that alters the composition
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of the global atmosphere and which is in addition to natural
climate variability observed over comparable time periods”.
Other important agencies and institutions have slightly different
understandings (e.g., the IPCC [2]), however they agree that the
planet is warming and extreme weather events can be observed.
Agriculture depends on climate, and the variation from extreme
precipitation to long periods of drought affects crop and livestock
production. Water is fundamental to life and the climate affects the
quality and reliability of water, affecting local ecosystems or re-
gional biomes. Agriculture is also one of the human activities that
has the greatest impact on the environment. Nowadays, agricul-
ture is responsible for more than seventy percent of the world’s
freshwater consumption [3]. It is also responsible for the water
quality degradation process (e.g., eutrophication and pesticide
contamination) and the physical effects on the soil and water
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bodies (e.g., erosion and aggradation). In this context, research
studies have investigated how to mitigate reciprocal or unidirec-
tional impacts of climate changes and agriculture on water re-
sources. Research has highlighted, for example, new varieties of
crops that are more resistant to drought or to wet seasons, new
techniques to improve the effectiveness of water use, agricultural
wastewater treatment techniques, as well as new crops that miti-
gate CO, warming by reconverting CO, into O,.

However, the Brazilian Panel on Climate Change [4] have no-
ticed gaps of information including the lack of good quality me-
teorological information based on complete, long-term data series
and the lack of knowledge on current groundwater recharge. Stud-
ies from Assad and Pinto [5] point out that the Brazilian Cerrado
and the semiarid Northeast regions are home to the largest collec-
tion of global warming resistant genes in the world. Nevertheless,
genomes have to be built in order to find these genes. This is a typ-
ical scenario that requires multi, inter and transdisciplinary col-
laboration among scientists from several domains to improve re-
search globally. Knowledge organization, integration and recovery
technologies are crucial to enable such collaboration where scien-
tists must access, trust and understand shared information.

Cross domain integrator systems enable us to manage com-
plex information from multidisciplinary problems such as “the im-
pacts of agriculture on water resources”. This problem requires se-
mantic interoperability of systems and data sources from multi-
ple domains such as agriculture, hydrology, biology, chemistry, and
economics, among others. In this sense, the use of formal and stan-
dardized models of knowledge organization and representation is
highly recommended, as they are significant resources to improve
interpersonal communication, knowledge recovery and semantic
interoperability of information systems.

However, the semantic interoperability of these systems relies
on open research issues such as reuse, alignment and mappings of
ontologies. In this context, some typical difficulties of knowledge
engineering processes include: existence of various media for-
mats in which information is produced and distributed; the multi-
disciplinary nature of knowledge involving teams of professionals
from various fields and specialties; and language and communi-
cation problems between experts due to different nationalities or
schools of thought. Such difficulties are directly related to elements
in the human processes of cognition, meaning and communication.

In this work, we propose the OntoAgroHidro as an ontology to
represent knowledge about the impacts of climatic changes and
agricultural activities on water resources. The objective is for the
ontology become a component of Embrapa’s research network sys-
tem (AgroHidro), which aims to support integration and informa-
tion sharing among a range of institutions and researchers. The ad-
vances in understanding the cause-effect phenomena, by the net-
work scientists, depend on information recovered from a multi-
tude of sources. The heterogeneity of such data sources creates a
barrier to scientists in terms of making connections among mul-
tiple domains of information. These scientists have questions that
frequently depend upon sophisticated information recovery mech-
anisms.

This work describes the interoperability issues in the engineer-
ing process and the application of the ontology in an informa-
tion recovery scenario that stresses the multidisciplinary nature
of the problem. The engineering process is based on reusing the
existing knowledge representation models [6]. In this document,
we present how the reused models were interconnected, start-
ing from the analysis of the interoperability needs of the existing
and planned data sources, the use of a core ontology as integration
strategy, and the modeling of concepts that carry out the intercon-
nection among the reused models. The paper then illustrates the
OntoAgroHidro and discusses key interoperability issues using vi-
sualization tools and representative scenarios. Experiments on an

information recovery study stress the potential of the proposed on-
tology, its limitations, and future challenges in the modeling pro-
cess.

We expect to contribute with ideas about an ontology engineer-
ing process for semantic interoperability of multidisciplinary do-
mains, as well as to present experiences from applying this process.
The paper is organized as follows: Section 2 describes the problem
and the background that support our work; Section 3 presents the
ontology engineering process focusing on the reuse and interoper-
ability aspects considered during the construction of the ontology;
Section 4 illustrates the elicited interoperability requirements, the
core ontology and the connection of the reused concepts/terms;
Section 5 presents the application of the OntoAgroHidro in a study
of an information recovery scenario; and, Section 6 concludes and
presents the next steps of this research.

2. Problem and background work

Multidisciplinary domains impose challenges on modeling ac-
tivities and interoperability issues. Section 2.1 details the problems
and challenges of modeling concepts from agriculture and climatic
changes, as well as of relating the concepts to construct a consis-
tent model. A scenario is used to illustrate the multidisciplinary as-
pects of the AgroHidro domain. Section 2.2 presents projects that
propose parallel efforts in the context of environmental studies and
other related fields. This section also highlights the limitations and
concepts from existing work that were incorporated into our solu-
tion.

2.1. Challenges of modeling agriculture and climate changes and their
impacts on water

The weather is becoming extreme and volatile [7]. What are
the consequences of this on agriculture and water availability and
quality? Agriculture is both highly dependent on water resources,
as well as impacting on them. To understand these phenomena,
scientists have to analyze a huge amount of data from heteroge-
neous sources [8]. Many investigations on scientific collaboration
systems aim to deal with the diversity and complexity of multidis-
ciplinary domains combined with large scale data sources. These
systems also require research on complex infrastructure, architec-
ture and tools [9].

A collaborative solution may lead to a framework to acquire,
organize, and describe not only (raw) data but also its meaning.
For instance, there is no easy answer to the following question:
“How is the quality of Brazilian water sources and rivers affected by
crop mono-cultivation with intensified use of chemical fertilizers
and pesticides?” One can start by analyzing the fact that farms
are irrigated by nearby water resources. This analysis, however,
depends on well defined terms, such as: “What are water
resources?”, “Is it good quality and potentially useful freshwater?”,
“What is water quality?”, “What are chemical fertilizers?”, “What
chemical components are used in chemical fertilizers?”, “Are they
the same all over the world?”, “Do they have alternative names?”,
“Are there different levels of water quality?”. Each question derives
a series of more specialized questions. As a consequence, instead
of an easy answer, one can expect an exponential growth of
questions. The answer depends on the access to different sources
of data, systems and documents.

The semantic web proposes the use of knowledge represen-
tation languages to organize and understand the information
produced and shared through the Web. Nevertheless, there are
multiple proprietary solutions that use various incompatible mod-
els and languages. The implementation of proprietary solutions
is usually faster and easier, however they result in islands of



Download English Version:

https://daneshyari.com/en/article/424553

Download Persian Version:

https://daneshyari.com/article/424553

Daneshyari.com


https://daneshyari.com/en/article/424553
https://daneshyari.com/article/424553
https://daneshyari.com

