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Foreword

Of the 17 Sustainable Development Goals (SDGs) of the United Nations’ 2030
Agenda, SDG 14 specifically focuses on “life under water”, a major portion of which
is related to the ocean. But the ocean’s importance in sustainable development is not
limited to the SDG 14 and the ocean’s contribution to other SDGs should not be
overlooked. The ocean is also an important component in achieving the SDGs that
are related to economic activities and community development, including, SDGs 1,
2,3,5,7,8,9,10, and 11.

Obviously, ocean-related economy plays a vital role for global sustainable devel-
opment. It is particularly important for developing coastal states and small islands.
In these countries, tourism and other important ocean-based sectors can account
for much higher portion of national GDP, compared to those of Organisation for
Economic Co-operation and Development (OECD) countries. Because of this greater
reliance on ocean-based sectors, developing countries are prone to greater risks from
climate and anthropogenic change. In this respect, the blue economy has gained a lot
of attention recently. However, the term “blue economy” has been used without a clear
definition, sometimes interchangeable with similar terms such as “ocean economy”
or “marine economy”. A practical, succinct definition of the blue economy would be
a sustainable kind of ocean or marine economy. Examples are sustainable fisheries,
sustainable tourism, renewable ocean energy, green shipping, ocean conservation,
and reduction of ocean pollution, just to name a few. However, the sustainability
of ecosystem management is a complicated issue as we try to establish optimal use
across many sectors. Multiple stakeholders have different interests and, consequen-
tially, conflicts or problems may be incurred. To make matters more complicated,
solutions would be specific to each level of geopolitical organization and governance.
Every nation may have different solutions. Even within each nation, provinces may
have different agendas. To achieve a balance between risks and benefits across all
ocean sectors under various geopolitical settings, scientific guidance is vital. Despite
its importance, the science for the blue economy is still largely an uncharted sea.
To this end, this volume provides a very timely discussion on the science and tech-
nology for the blue economy. It discusses a comprehensive set of topics related to
the blue economy: biodiversity, blue carbon, tourism, living and nonliving resources,
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various forms of threats, economics, observations, and capacity development. The
science and technology for the blue economy has not been discussed in a rigorous,
comprehensive manner and this book will open a new avenue for the forthcoming
discussion.

Busan, Korea Sinjae Yoo
President of SCOR



Preface

The ocean is now a major factor in the development of many coastal nations. For
many developing countries resources and services from the ocean are a major source
of income. To gain maximum benefits from the ocean, many of them have developed
ocean-based national development plans. Very often economic gains remain at the
core of these plans. Their implementation, however, occurs at a time when the ocean
is already under threat from a variety of human activities, and now with the added
stress from the impact of climate change. The combined effect of accelerating blue
economic activities, and the impact of climate change threaten the sustainability of
ocean use for human benefits. These challenges to blue economy are reflected in
the World Bank definition of blue economy with its three pillars: environmental,
economic, and social sustainability.

For blue economic development, the UN’s Agenda 2030 and the SDGs provide
a unique guiding platform, and its newly launched Decade of Ocean Science for
Sustainable Development provides the necessary impetus to bring in the science
for the sustainability of human interactions with the ocean. As a contribution to
these efforts and with a view to creating awareness of the involved science and
technology issues around blue economy among developing countries, the Science and
Technology Centre of the Non-Aligned Movement and Other Developing Countries
(NAM S&T Centre) initiated the preparation of this monograph and invited us to get
involved as Editors.

The Monograph explores the challenges to blue economy from an environ-
mental—ocean science—perspective. The premise is that scientific understanding of
ocean processes and ecosystem functions is a prerequisite for functional and sustain-
able blue economy. The first set of chapters provide examples of ocean ecosystems
and resources as well as the needed science to better understand and monitor their
response to climate change and other human—blue economic—activities. Subse-
quent chapters describe the available ocean research and monitoring observation
tools, the capacity development needs of developing countries for the practice of blue
economy, and the opportunities available at national, regional, and global levels.

We are grateful to colleagues from around the world who were willing to share
their time and efforts to contribute the chapters of the book. Their experience and

vii
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knowledge gained in South-South and North-South cooperation in ocean studies and
through their participation in SCOR’s (Scientific Committee for Ocean Research)
Visiting Scholars Program have enriched the chapters with a wide variety of regional
examples. The discussion at a joint NAM S&T Centre—SCOR Exposure Workshop
on the topic with the participation of the authors has been helpful in fine-tuning
the chapter contents. Primarily organized as a capacity-development exercise for
participants from NAM S&T Centre and SCOR member countries, the Workshop
also helped to gather input from the global community on the topics of the book
chapters, and to demonstrate the work of the NAM S&T Centre and SCOR to a
global audience.

Chapter authors were selected based on their work in developing countries, either
living and working there, or serving as visiting scientists through the SCOR Visiting
Scholars program and other activities. A major strength of the book is the wealth
of case studies provided. We appreciate the efforts of the many chapter authors,
without which the book would have lacked the richness of local examples and expert
knowledge. We thank the chapter reviewers, who helped improve the quality of
this book: Janice Cumberbatch, Sean Fennessy, Ken Furuya,Tim Jennerjahn, Joanna
Waniek, Robert Weller, and several anonymous reviewers.

We thank the NAM S&T Centre for initiating and inviting us to be part of this
endeavor and Springer Nature for their commitment to producing such a book. We
hope that this book can serve as a resource for training in developing countries.
The editors will devote any royalties from sales of this book to training programs for
developing country scientists through the Scientific Committee on Oceanic Research
of the International Science Council.

Newark, DE, USA Edward R. Urban Jr.
Bremen, Germany Venugopalan Ittekkot



Introduction

The oceans provide a major source of income for many coastal nations, particularly
in the developing world. Economic benefits from the oceans depend on wise manage-
ment of resources based on scientific understanding and appropriate application of
technologies available. The intersection of science, technology, and economy is most
obvious in nations’ coastal zones.

Recognition of the significance of economic benefits from the oceans for national
economies led to the development of the term “Blue Economy” at the UN Confer-
ence on Sustainable Development held in Rio de Janeiro, Brazil, in 2012. A useful
definition of Blue Economy that is used by the World Bank for a Sustainable Ocean
Economy is given as: “the sustainable use of ocean resources for economic growth,
improved livelihoods and jobs while preserving the health of ocean ecosystems.”

Advancement in science and technology through research and observations is
needed to maximize blue economic benefits in a sustainable manner. Ignoring science
can lead to resource extraction that is not sustainable, damaging the resources, the
natural environment, and human society in ways that may significantly reduce the
benefits available. In many developing countries, however, the currently available
capacity to conduct ocean research and observations is still inadequate. Governments
need to put in measures to enhance this capacity at the national level, particularly to
promote ocean education and research. Given the excellent oceanographic capacities
achieved by some among the NAM Member Countries, there is also huge potential for
South—South Cooperation, as well as Triangular Cooperation, to augment national
efforts.

This Monograph—Blue Economy: An Ocean Science Perspective—in its sixteen
chapters describes how science and technology can be applied to improve the manage-
ment of coastal resources for the best economic outcomes. It brings together scientific
communities from both the developing and the developed world with comprehen-
sive foundational understanding of the ocean science and technology available and
related gaps to maximizing the safe use of the resources, mitigating the threats, and
building overall blue economic capacity in a sustainable manner.
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The chapters of the book have been categorized into dedicated sections on: (i)
Resources, (ii) Threats, (iii) Observations, and (iv) Developing Capacity for Ocean
Science and Technology that provide significant insights focused on coral reefs,
seagrasses and mangroves, coastal fisheries, freshwater extraction, tourism, oil and
gas, minerals, coastal pollution, harmful algae, ocean acidification, climate change
and coastal ecosystems, blue economic prospects of small islands, observing systems,
and building capacity for ocean science and technology.

The book altogether summarizes that only through appropriate scientific under-
standing and experience in the latest technological developments related to
conserving and managing ocean resources, blue economies can be developed and
sustained worldwide.

In this connection, I am proud to mention that in anticipation of publication of this
Monograph, the NAM S&T Centre in collaboration with the Scientific Committee on
Oceanic Research (SCOR), Newark, Delaware, United States, organized an Interna-
tional Workshop on Application of Ocean Science and Technology for the Practice
of Sustainable “Blue Economy” in Developing Countries during 8-9 November
2021, during which the contributed chapters of this book were presented by the lead
authors/co-authors.

I am thankful to the editorial team of this book: Dr. Venugopalan Ittekkot, Former
Director, Leibniz Center for Tropical Marine Research (ZMT), University of Bremen,
Germany, and Dr. Edward R. Urban Jr., Former Executive Director, SCOR, for the
scientific evaluation of the manuscripts and ensuring the best selection of the contents
for wider dissemination of scientific knowledge on the chosen subject.

I express my sincere gratitude to Dr. Sinjae Yoo, President, Scientific Committee
on Oceanic Research, USA, for kindly agreeing to write the “Foreword” of the
Monograph.

I am thankful to Dr. Loyola D’ Silva, Executive Editor, Springer Nature, Singa-
pore, for considering this book for publication under the reputed banner of Springer
Nature and Mr. Ramesh Kumaran, Project Coordinator, Springer Nature for moni-
toring and streamlining the publication process. I am confident that our association
with “Springer” would lead to many more such valuable collaborative endeavors in
future.

My sincere thanks are also due to the entire team of the NAM S&T Centre,
especially to Mr. Madhusudan Bandyopadhyay (Senior Adviser) and Ms. Jasmeet
Kaur Baweja (Programme Officer) for facilitating this book project. [ am also thankful
to Dr. Ranadhir Mukhopadhyay, Former Chief Scientist, CSIR-National Institute of
Oceanography (NIO), Goa, for his inputs in bringing out this publication. I also
record my appreciation for the invaluable assistance rendered by my colleagues Mr.
Rahul Kumra and Mr. Pankaj Buttan towards bringing out this publication.
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I am sure that this book would be a valuable reference material for scien-
tists, researchers, government officials, policy makers, marine-sector professionals,
managers, and representatives working in the areas of ocean sciences and sustainable

coastal resource management.
Py Frven &W

Amitava Bandopadhyay, Ph.D.
Director General

NAM S&T Centre

New Delhi, India
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