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COMPUTATIONAL SUSTAINABILITY: AN EMERGING RESEARCH

ABSTRACT

Sustainability is the need of the hour. It has been prioritized in
all business, innovation, social, environment and education
strategies and planning. The United Nations General
Assembly, at its 58th Session in December 2002, started the
Decade of Education for Sustainable Development from
January 2005. The focus therefore is on all aspects of
education contributing to sustainable development. The need is
to systematize education about underlying principles and
techniques including computational techniques to solve
problems in sustainability. This paper is an attempt to view
Computational sustainability as an academic and research
subject and understand how it could be incorporated as a
course in academic programmes.
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1. INTRODUCTION

Scientific and technological progress has resulted in
an incontestable environmental consequence. Progress cannot
be obstructed, and there is no intention to even hint at it, but
there is a pressing need to realign and revise our actions in
almost all spheres so as to sustain the ecological balance.
Sustainability aims at creating and maintaining conditions
under which humans and nature can exist in productive
harmony.

Balance is an essential aspect of sustainability.
Sustainable development seeks to balance social, economic
and environmental objectives in order to secure the well-being
of present and future generations. These objectives are
interdependent and thus equally important. The need to
identify, analyze and develop theory, tools, models, concepts
and practices that counter the imbalance and enable
sustainability is a burning need in the current century.

Mathematical and computational sciences ought to
play a primary role in facing the challenges in achieving
sustainable development. Mathematical and Computational
thinking involves cracking problems, devising systems, and
understanding human behavior, by deriving from the concepts
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elemental to these sciences. Computational thinking and
approach therefore seem essential to provide effective and
efficient solutions that comprise balancing environmental,
economic and societal needs.

Computational Sustainability is an interdisciplinary
field that aims to apply techniques from computer science,
information  technology, operations research, applied
mathematics, and statistics for balancing ecological, financial,
and community needs for sustainable development.
Environmental problems often translate into decision
optimization and statistical learning problems involving
combinatorial decisions, dynamic modeling, and uncertainty,
and hence there is a need to form a common language for
mathematicians, environmental scientist, conservationists and
computer scientists to exchange their ideas. [1] [2]

This common language can be formed through
sufficient cross-domain idea-exchange at industrial, academic
and research forums. Recent workshops, seminars and
conferences [3][4][5][6] on related topics indicate initiation of
developments in this direction.

In addition to the common vocabulary, a
computational way of thinking is necessary to approach
complex issues. Thinking like a computer scientist requires
thinking at multiple levels of abstraction. Computational
thinking represents a universally applicable attitude and skill
set that is fast becoming a necessity for everyone, not just
computer scientists to learn and use. [7]

With the acceptance of Computational Thinking as a
component at the intersection of almost all disciplines, it
seems apt to consider Computational Sustainability as a
promising academic and research field. To solve a problem
using computers or using mathematical and/or statistical
techniques, it is necessary that the problem solver is aware of
the utility of these techniques.

Researchers’ studies have explored the possibility of
introduction and potential content of Computational
Sustainability education at different levels [8][9][10]. Sources
such as [11] [12] reveal that academic institutions are
beginning to include Computational Sustainability as a
structured component in academic curriculum.
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This paper explores the scope to integrate
Computational Sustainability in Academic learning and
research methodology. Section 2 describes Sustainability as an
interdisciplinary subject. Section 3 discusses Computational
approach to problem solving in the Sustainability domain.
Section 4 discusses the introduction of Computational
Sustainability as a component of an academic programme
while Section 5 touches upon the use of computational
methods in research on different facets of sustainability.
Section 6 concludes the paper.

2. SUSTAINABILITY: A MULTIDISCIPLINARY SCIENCE

Sustainability is about solving the interlinked issues
of environmental, economic, and societal needs. The issues are
unique in scale, impact, complexity and richness, and often
involve multiple an highly interconnected componenets and
players in highly dynamic and uncertain environments.

Climate change, Energy problems, poverty & hunger,
loss of multiplicity of species, region specific shortage of fresh
water, new and emerging diseases etc. are the challenges
raised by diminishing resources. Science and math educators
are increasingly being called upon to develop interdisciplinary
or multidisciplinary pedagogies that can change the types of
problems we work on and how we address these problems in
the classroom.

To deal with universal problems that traverse
disciplines students must be equipped with effective cross-
disciplinary skills, particularly the capability to blend
knowledge of different fields and create new concepts and
theories. [13]

Sustainability science is a new academic discipline
emerging in response to threatened sustainability of the global
environment. The idea of this discipline is to help build a
sustainable society by developing solutions to climate
variations, resource collapse or scarcity, ecological extiction,
and other environmental crises that intimidate humankind and
civilization.[14]

The necessity for sustainability education is getting
increased attention, sustainable development however poses a
challenge for pedagogy in all fields. As for its nature,
sustainable development should not be treated monolithically
in the educational system but in a more holistic manner. [15] It
demands a realignment of existing academic domains so as to
address the ever-changing needs of nature and society.
Whereas academia has moved increasingly toward fields of
higher specialization, sustainability science seeks all-inclusive
wide-ranging integrated solutions to complex problems. It
therefore requires a restructuring of education and research
that spans multiple disciplines. [16]

3. COMPUTATIONAL APPROACH TO
SUSTAINABILITY ISSUES

Computer, the omnipresent machine that has brought
in speed, versatility and accuracy to all computational tasks
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has influenced human beings in every possible way, even the
way we think. Computational thinking is taking an approach to
finding solutions to problems, designing systems and
understanding human conduct, that draws on concepts
fundamental to computing [17]. Computational approach aids
in design, optimization, modeling and impact monitoring of
natural and artificial systems.

It is influencing research in nearly all disciplines,
both in the sciences and the humanities. Researchers are using
computational allegories to supplement and implement
theories. Computing has enabled researchers to be inquisitive
and to accept new kinds of answers to new kind of questions,
for example, questions that require the processing of huge
amounts of data and questions as to how this huge amount of
data can be processed. Computational concepts provide a new
language for describing hypotheses and presumptions. [18]

Solutions to sustainability problems could be
addressed by applying computational techniques. These
problems could range from human built structures and systems
to economics to ecosystem modeling and mangamenet to
human behaviour as given in [19].

The sustainability issues, as discussed above, are
categorized into environmental, economic, and societal issues.
A review of the studies carried out to find solutions to the
issues in each category using the computational approach
discloses Computational Sustainability to be a fast evolving
discpline.

It is an amalgamation of issues and requirements for
design of sustainable solutions in economic, environmental
and societal domains, and the technological, mathematical and
computational approaches to problem solving. Figure 1 shows

sustainability and computational techniques with the
contributing fields.
Economics  Environment Computer Sc.
Social Mathematics
Science $ 1’4 Statistics

Sustainability
Issues

Computational
Techniques

Computational
Sustainability

Figure. 1: Computational Sustainability, the
multidisciplinary academic field
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Authors in studies including [20][21][22][23][24]
have approached environmental issues with the perspective of
computational problem solving.

Economic Sustainability has been addressed using the
computation approach in [25][26][27] and the application of
Computational Models and Techniques for societal
sustainability is evident from studies such as in
[28][29][30][31].

The use of computational approach to problem
solving and improvement in the different facets of
sustainability implies a growing need for adding to the
awareness and application of these techniques to sustainability.
There hence is a necessity of imbibing the computational skills
which are and may be used to solve problems in sustainability
field at an early stage among students and researchers.

Recognizing this need, as mentioned above, some
educational institutions are providing courses in the field. The
highly interdisciplinary nature of the field however requires
more research in charting out a systematic curriculum for
courses and programmes in Computational Sustainability.

Pedagogical goals and strategies need to be designed
for computational sustainability, for helping humans to
become better problem solvers for a sustainable future.

4, COMPUTATIONAL SUSTAINABILITY AS A
COMPONENT OF AN ACADEMIC PROGRAMME

It is natural that sustainability forms a part of
academic programmes in economics, environmental sciences
and social sciences, and when sustainability is introduced as
component of these programmes, study of computational
techniques has to follow.

The objective to achieve a sustainable future for all
humankind has set a new milieu for professional engineering
activity, and has resulted in national and international
engineering organisations evolving strategies and action plans
for sustainability through engineering. Engineering education
has thus to redirect itself into sustainability mode. The
challenge for engineering educators is to ensure that their
academic and professional activities are directed toward
achieving a sustainable future through engineering. [15].

Programmes in Computer Applications, Computer
Science, Information Technology, Mathematics, and Statistics
may also include Computational Sustainability as a
component.

According to the report of the International Workshop
on Information and Communications Technology (ICT) and
Environmental Challenges, Copenhagen, 2008, there is an
increasing requirement in particular of the infusing of
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computing curricula with sustainability, and inversely the
infusion of computation into sustainability curricula as
depicted in figure 2.

Computing

! Sustainability
Sciences

Sustainability Computing

Sciences

Figure 2: Infusing Computing and Sustainability in
eachother’s curricula

The computing techniques finding substantial use in
the solution of sustainibility issues include, data collection and
evidence-based decision making, modelling, simulation, social
computing, optimization, scheduling, pattern matching,
statistical analysis, mathematical modelling etc. The
Sustainability curriculum therefore should include these
components to be computationally loaded and the computing
sciences curriculum could begin with concepts of
Sustainability and go on to have specializations in different

sustainability domains. Both the approaches will need
extensive use of case study based teaching and learning.
5. RESEARCH IN COMPUTATIONAL SUSTAINABILITY

Research in sustainability has grown considerably
over the last decade and researchers have increasingly applied
computational techniques to design, authenticate and advance
their studies and have widened their scope of research. This
has led to a need to create a broad-based research programme
in the area of computational sustainability that integrates
‘islands' of research into more strategically aligned initiatives.

Workshops, seminars, conferences, discussions,
studies, research projects in computer science and applications,
economics, biology, environmental sciences, societal issues,
social sciences, bioinformatics, architecture, engineering,
geoinformatics all increasingly have sustainability as an
integral component.

Research studies and projects in computational
sustainability that have discussed designing models and
implementing  computational  techniques for  solving
sustainability issues [32][33][34][35] indicate evolution in
application of mathematical, computer based and statistical
techniques to sustainability.

The Research methodology course meant for research
scholars should include computational techniques for problem
solving, particularly for sustainability problems in the
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curriculum so that researchers are aware of and can map the
techniques with the problem at hand.

6. CONCLUSION

Computational techniques have been used to solve all
sorts of problems. With the focus of researchers from almost
all domains turning to sustainability, the application of
computers in the field is bound to increase. There hence is a
need to incorporate computing techniques as a component in
the sustainability curriculum or vice versa.

Researchers from all sustainability and computational
domains could therefore get together to frame a generic
curriculum and pedagogy for computational sustainability
which may further be customized by each school/ university/
programme as per their primary area of study.
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