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Foreword

Humans have been fascinated by oceans since the dawn of time. Living by
the sea, they had little idea of the extent and depth of the vast expanses of
water that lay before them. But they were keen to learn, soon discovering
that fish, shellfish, and other coastal resources provided a plentiful supply
of food and other valuable materials. Indeed, tools used by coastal dwell-
ers have been found off the shores of Crete dating back 130,000 years. As
the generations passed, so too did information about what each generation
had learned. The thirst for greater understanding remained unquenched.
By 4000 BC, the Egyptians had built boats capable of voyages of discovery
across open seas, to be followed in subsequent centuries by the great ocean
explorers and eventually international traders. Today, the extensive use of
the oceans represents one of the key foundations of the global economy.

For those living inland, however, information about the oceans has often
arrived second hand. Stories abounded about distant, exotic lands; terrible
storms and tidal waves; and strange sea creatures encountered on various
journeys. The challenge for the landlubbers must have been to distinguish
between truth and myth. Imagine, for example, hearing about an eight-
armed octopus for the first time, or sailors’ tales of the leviathan, or of reach-
ing the ends of the oceans on what was thought to be a flat Earth! Separating
fact from fiction is still one of the greatest challenges for those dealing with
information.

For most of human history, there have been less than half a billion people
on Earth. But with the scientific and industrial revolutions, an unprece-
dented increase in the size of the population began, rising from ca. 1 billion
in 1800 to around ca. 74 billion today. This rapid change demanded a con-
comitant increase in global trading, using the oceans to support the shipping
of goods to meet needs. Furthermore, fishing pressures increased manyfold
as the oceans became a major source of food. This intense increase in activity
involving enormous numbers of humans has generated a plethora of unex-
pected consequences. Who could have imagined that so many fish and shell-
fish would be taken from the oceans that many fisheries would collapse?
Or that the volume of our waste dumped in the sea would damage marine
ecosystems and pose a threat to our health? Or that human diseases such
as cholera would flourish as a result of exposure to a pathogen harbored in
coastal waters?

Information about all aspects of the oceans has now been gathered in
diverse forms by different actors over many centuries. Scientists in particu-
lar have made great progress in understanding how ocean ecosystems work.
What we have learned is that careful management is the only way to sustain
our oceans so that we can reap their myriad benefits for generations to come.
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X Foreword

Tackling the challenges that we face requires in-depth knowledge and
understanding. Understanding is based on accurate information that is sci-
entifically robust, reproducible, and which covers all aspects and types of
ocean environments. This information must be conveyed in a readily under-
standable form to those politicians and other decision makers who can take
action through policy formulation and implementation.

It is this information challenge that the editors and authors of this book
have addressed. It has been expertly drawn together to provide a lucid and
illuminating account of the science—policy or science-information—policy
interface relating to the oceans. The chapter authors have provided valuable,
insightful analysis of the issues arising from and the barriers to more effec-
tive ocean management and sustainable resource use. They have considered
how scientific advice is communicated and used, for example, in integrated
coastal and ocean management. Also, they have delved into how various
stakeholders can positively affect decision-making by using strategies for
improved acquisition of information. The role of networks in information
exchange is addressed and recommendations are offered to improve con-
nectivity. How user engagement can ensure that scientific research is made
more useful in the provision of relevant information is described, as well
as the need for transparency regarding how information is gathered and
used in public policy-making. Finally, those experienced in working at the
science—policy interface are identified as an important resource that could
be used much more effectively in future evidence-based and evidence-
informed policy-making.

This volume will be of great use to the growing numbers of ocean practi-
tioners from all sectors, dedicated to improving the health and sustainability
of our oceans for generations to come.

Professor Michael H. Depledge, PhD, DSc, FRSA, FRSB, FRCP
Chair of Environment and Human Health,

University of Exeter Medical School, Exeter, Devon, UK

(Formerly chief scientist, Environment Agency UK, and member of the
Royal Commission on Environmental Pollution)



Preface

Despite the increase in scientific information and knowledge on a vast range
of ocean topics and advances in the concept and practice of integrated coastal
and ocean management (ICOM), solutions to many serious global coastal
and ocean issues, for example, climate change, sustainability of fisheries, bio-
diversity and habitat loss, increased pollution, invasive species, and uncon-
trolled coastal development are not rapidly forthcoming. While this wave of
new information—much of which is published as primary and gray litera-
ture—is available for evidence-based and evidence-informed policy-making,
its use and influence are seldom explicitly recognized in ocean management
arenas.

In this book, we examine the role of information in policy-making and
decision-making for ICOM. Contributors have drawn on their expertise and
experience in environmental and fisheries science, marine policy, public pol-
icy and administration, scientific advocacy, and information management.
This range of disciplines exemplifies the dimensions of information and the
science—policy interface in the policy-making process in ICOM.

Section I of the book provides the context for studying the role of scientific
information in policy-making and presents a comprehensive overview of
the characteristics of the science—policy interface. Section II describes funda-
mental concepts and principles germane to understanding the role of infor-
mation in effective integrated coastal and ocean management. In Section III,
national and international case studies reveal some of the factors that enable
or inhibit awareness and use of information in policy-making contexts and
the communication of information at the science—policy interface. Section IV
presents highlights of the subject and future research challenges.

This book will be useful to all major groups in the policy-making pro-
cess, including senior policy makers and decision makers, policy advisors,
resource managers, information managers, scientists, and other practitioners
in coastal and ocean management. We dedicate the book to the new genera-
tion of professionals involved in the challenging task of managing our ocean
spaces and species now and for future generations.

Bertrum H. MacDonald, Suzuette S. Soomai,
Elizabeth M. De Santo, and Peter G. Wells
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1.1 The Coastal and Ocean Management Challenge

Integrated coastal and ocean management (ICOM) “is a dynamic, mul-
tidisciplinary, iterative and participatory process to promote sustainable
management of coastal and ocean areas balancing environmental, economic,
social, cultural and recreational objectives over the long term” (UNESCO 2006,
p- 6). ICOM is a concept and process that has evolved in overlapping stages
over the past few decades, encompassing shoreline management, defining the
coastal zone, and integrating coastal/shoreline management with the marine
environment. Coastal management began on the terrestrial side of the coastal
zone, focusing on particular challenges posed by this dynamic environment,
such as shoreline erosion, wetland protection, coastal development, and pub-
lic access (Clark 1995; Cicin-Sain and Knecht 1998; Sorensen 1997, among oth-
ers). For example, the U.S. approach to coastal zone management was first
formalized with the Coastal Zone Management Act of 1972, which focused
more on the management of land use at the shore than on coastal water-
related issues. In the decades since, efforts to protect and manage the coastal
zone in the United States and beyond (e.g.,, Canada and the United Kingdom)
have expanded to include integrated coastal management (ICM), coastal
zone management (CZM), integrated coastal zone management (ICZM), and
perhaps the broadest approach, ICOM. Canada incorporated ICOM into its
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Oceans Act (1996, section 30(b)), recognizing the need for “integrated man-
agement of activities in estuaries, coastal waters and marine waters” and
adopting the term integrated management. Hence, the terms are often used
interchangeably in legislation and in the literature, reflecting a broadening
geography of what is included in the coastal zone, from land use to coastal to
ocean waters.

Beyond biophysical components, ICOM also takes into account the socio-
economic and political aspects of managing the range of competing uses and
jurisdictions found in the coastal zone. In their seminal text on ICOM, Cicin-
Sain and Knecht (1998, p. 461) define ICM as “a continuous and dynamic
process by which decisions are made for the sustainable, use, development,
and protection of coastal and marine areas and resources” aimed at over-
coming the jurisdictional and management fragmentation inherent in the
coastal zone. The integration aspect of ICOM aims to bring together several
dimensions, ranging from different economic sectors, levels of government,
and the terrestrial/sea divide, to integrating science with management, and
bringing different countries together in cooperative programs (Cicin-Sain
and Knecht 1998).

The ICOM dimension that focuses on integrating science with manage-
ment is the starting point for this volume. Twenty years after the publication
of Cicin-Sain and Knecht’s (1998) seminal text on ICOM, the world continues
to struggle with implementing this management approach and ocean health
continues to deteriorate (IPSO 2013; UNEP 2006; Hoegh-Guldberg et al. 2015;
among others). Cicin-Sain and Knecht (1998, p. 171) argue that “the most fun-
damental tenet underlying the ICOM concept is that ICOM decision-making
is based on the use of the best information and the best science available,”
integrating the natural, social, and economic sciences. Coastal systems can
be viewed as shared systems (Parkes and Manning 1998), requiring mul-
tiple disciplines and practitioners in coastal management to work together
for their effective management. Also paramount are the roles of stakeholder
engagement and the generation, use, and influence of relevant information
for decision-making. Our book reemphasizes the role of information in
ICOM and augments the efforts of Cicin-Sain and Knecht (1998), GESAMP
(1996), and many others in their efforts to strengthen coastal science and
management around the world.

1.1.1 Production, Communication, and Use of Scientific Information
in Policy-Making

Since the 1972 Stockholm Conference on the Human Environment, the
United Nations (UN) system has been the focal point for addressing global
environmental issues at the international level (Chasek et al. 2013). Within
the UN system, considerable quantities of gray literature on the marine envi-
ronment are produced by intergovernmental organizations, for example, the
United Nations Environmental Programme (UNEP) and its many advisory
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bodies, including the Joint Group of Experts on the Scientific Aspects of
Marine Environmental Protection (GESAMP) and the Scientific Committee
on Problems of the Environment (SCOPE). National governmental and non-
governmental organizations have also produced thousands of scientific pub-
lications on marine environments aimed at guiding public policy on aspects
of sustainable development. Given the increase in scientific information
addressing a vast range of marine environmental topics, for example, climate
change, biodiversity and habitat loss, increased pollution, invasive species,
and uncontrolled coastal development (e.g., DFO 2010; Halpern et al. 2008;
GESAMP 2001; IPCC 2013, 2014a, 2014b; MEA 2005; Rogers and Laffoley 2011),
it follows that, in theory, solutions to these serious global coastal and ocean
issues should also be increasing—but they are not, and coastal and ocean
problems continue to exist.

New information continues to be developed from wide-ranging scientific
research and synthesis by governmental, intergovernmental, and nongov-
ernmental organizations, universities, industry, and other independent bod-
ies, for example, consultancies and think tanks. Much of this information is
referred to as gray literature, meaning that it is not controlled by commercial
publishers (GreyNet 2015). Although this gray literature is generally created
through rigorous peer review, its credibility is often questioned, especially
when compared to the primary literature, that is, literature produced by
commercial publishers. Nonetheless, numerous studies have pointed to the
increasing generation of information by government departments, inter-
national intergovernmental bodies, and nongovernmental organizations,
resulting in greater reliance on the publishing practice of gray literature
for disseminating information to inform policy decisions (e.g., Luzi 2000;
Schopfel and Farace 2010; Thelwall et al. 2010; Webster and Collins 2005). In
most policy settings, gray literature may also be of great importance because
of its rapid production—compared with much of the primary literature—
which can facilitate knowledge diffusion where decisions are based on com-
plex competing factors and pressures in political processes (Bremer and
Glavovic 2013; Shanley and Lopez 2009; Pielke 2007). An example of the
importance of gray literature produced by governmental organizations is
also seen in the public attention to climate change reports, for example, the
Stern Review on the economics of climate change released for the British
government (Stern 2006) and technical assessment reports produced by the
Intergovernmental Panel on Climate Change (IPCC) (IPCC 2014a,b).

Scientific information is available in different formats, for example, print
and digital, and is communicated to decision-making audiences and the pub-
lic though formal and informal information dissemination strategies, such
as libraries, websites, meetings, and personal communication. Over the past
20 years, communication patterns have rapidly changed due to the promi-
nence of ever advancing information technologies, including the Internet
and social media (Cossins 2014). Formal and informal networks are also
becoming increasingly important in communicating information. Groups
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outside government, for example, nongovernmental organizations such as
the World Wildlife Fund (or World Wide Fund for Nature [WWF]) and the
International Union for Conservation of Nature (IUCN), among others, have
become more active in disseminating scientific information to policy com-
munities at various levels of government.

Senior decision makers in government are increasingly expected to rely
on evidence-based approaches to policy-making and to program imple-
mentation based on the best available evidence from research (Gluckman
2014; Nutley et al. 2007). Decision makers, or their advisors, are expected
to choose from among the wide range of available information, often with
competing views advocated by diverse stakeholders. Decision-making is
further challenged by the current financial austerity measures that limit
the time and resources available to make decisions. These challenges
heighten the importance and relevance of rapid access to directly per-
tinent information, much of it in the gray literature of government and
interest groups.

Evidence-based policy-making is also being applied within the context of
ICOM and resource management, a modern approach to ensuring sustain-
able development of marine areas (Bremer and Glavovic 2013; Coffey and
O’Toole 2012; Hiscock et al. 2003; Holmes and Lock 2010; Levin et al. 2009).
The ICOM approach.

implies a conscious management process that acknowledges interrela-
tionships among coastal and ocean uses and the environments ... the
process is designed to overcome the fragmentation inherent in single-
sector management approaches, e.g., fishing operations, oil and gas
development, etc. (Cicin-Sain and Knecht 1998, p. 1)

It follows that the information needs in ICOM are quite complex, depending
on the issue to be addressed As a result, ICOM requires input from a range of
sectors including natural and social sciences, as well as local and traditional
knowledge. Appropriate governance mechanisms are also needed to achieve
an integrated information flow for decision-making relating to coastal and
ocean management, for example, including mechanisms to facilitate consul-
tation with a wide range of stakeholders to build consensus and implement
management measures, as well as communication or information pathways
between stakeholders, scientists, and decision makers.

Ready access to scientific information by users (policy makers, senior
decision makers, resource managers, and other practitioners) is often
assumed, given all the available websites and search engines, but key
information can also remain undetected. Although information is only
one part of policy formulation behavior, identifying solutions to marine
environmental issues depends as much on efficiently finding and under-
standing existing information and applying it in policy solutions as on
the creation of new relevant information. For example, although it is
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known that access to information occurs—politicians and their staff
use the Library of Parliament in Ottawa and the Library of Congress in
Washington DC—exactly how policy makers access and use this large
body of information, or not, is still poorly understood (Ascher et al. 2010;
Briggs and Knight 2011; Holmes and Lock 2010; Likens 2010; McNie 2007;
Mitchell 2010; Mitchell et al. 2006; Stojanovic et al. 2009). Furthermore, few
organizations have undertaken an analysis of the use of their information
products (publications), and information pathways in decision-making
contexts are still being elucidated (Economic Commission for Europe 2003;
MacDonald et al. 2004; Soomai 2013; Soomai et al. 2011a, 2011b, 2013; Wells
2003; Wells et al. 2002).

Use of research is not unidimensional. Use can mean reading the findings
from research as general background briefing, examining research in mak-
ing a decision even if the research findings are rejected, or having a direct
impact on policy choices (Weiss 1979). The literature describes a spectrum of
types of use ranging from conceptual (simple awareness) to instrumental,
for example, application in a decision or policy, and behavior (Weiss 1979;
Nutley et al. 2007). In fact, the stages of information production and use in
policy-making exist as an iterative process or a type of continuum (Nutley
et al. 2007). Similarly, the generation, transmission, and use of environmen-
tal information is highly complex; its use depends on many factors, such
as access, availability, and transparency, among others (Ascher et al. 2010).
These important points should be kept in mind as we attempt to unravel the
challenge of the science-policy interface in ICOM.

1.1.2 The Role of Information at the Science-Policy Interface

The pivotal role of scientific information in the search for solutions to envi-
ronmental problems is clearly demonstrated.

[I]t is the production, the processing, the use and the flow of, as well
as the access to and the control over, information that is increasingly
becoming vital in environmental governance practices and institutions.
... Information and knowledge are ... key resources in environmental
politics ... and the motivations and sources for changing unsustainable
behaviour are increasingly informational. (Mol 2008, p. 277)

Yet, as the previous quotation points out, in spite of increasing knowl-
edge about stresses on the world’s oceans (published as both primary and
gray literature) and evidence-based policy-making, many problems per-
sist. This suggests a gap or disconnect between the information produced
and the information used in decision-making, which often limits its role
in policy formulation and environmental management (Koetz et al. 2012;
Nursey-Bray et al. 2014; Spruijt et al. 2014; Stoutenborough and Vedlitz
2014; Wells 2003).
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The apparent disconnect at the science—policy interface between the
information and knowledge produced by scientists and that used by policy
makers has been given considerable attention over the years (e.g., Moksness
et al. 2013; NRC 2002, 2012). Scholars have ascribed this to “inherent differ-
ences between the fundamental structures and traditions of science and
policy” (Francis et al. 2005, p. 35) contributing to a far from optimal “flow
of knowledge between researchers, policy makers, and resource managers”
(Roux et al. 2006, p. 5). Numerous studies have highlighted that most mod-
els of communication also ignore the use of scientific information in pub-
lic policy-making, where information use is different from its use in pure
research contexts (e.g., Doern 2001; Duff 1997; Dunn 2005; Sendergaard et al.
2003; Van de Veer Martens and Goodrum 2005).

The science—policy interface operates on several scales: geographic, insti-
tutional, political, and temporal (Cash and Moser 2000; Bremer and Glavovic
2013; Young 2014). The interface is also more inclusive than the label implies,
asitinvolves social processes and encompasses different types of knowledge.
In fact, multiple interfaces exist due to many decision-making contexts, each
comprising complex informational connections and networks, for example,
scientific and local traditional knowledge that are influenced by societal fac-
tors, some of which are unique to individual policies, decision makers, and
the environmental issues. The information universe is multidimensional, and
information flow may not be linear or unidirectional, which also accounts
for the complexity of activity at the science—policy interface.

Developing a clearer understanding of the processes at the science—policy
interface is critical for all of the actors involved in identifying, managing,
and solving the many complex marine environmental problems, from pol-
lution to fisheries to the vulnerability of coastal cities. Chapter 2 describes
the science—policy interface in more detail, as do all the chapters from the
perspectives of the contributors to this volume.

1.2 Origins of the Book

Since 2007, the Environmental Information: Use and Influence (EIUI) research
program at Dalhousie University, Halifax, Canada, has been addressing
the role in policy-making of marine environmental and resource informa-
tion produced by governmental and nongovernmental organizations. The
EIUI team is interdisciplinary, capitalizing on its diverse expertise to build
a greater understanding of the production, use, and influence of marine
scientific information in public management settings. The guiding frame-
work of our research focuses on the interface between production of scien-
tific information, especially gray literature, and its use in policy-making and
decision-making contexts, that is, the science—policy interface. (Figure 1.1).



Introduction 9

Interface
Communication
Generation of Use by
information decision-
makers

(forms and sources)

Barriers Barriers

Requests/Needs

Contexts
(cultural, economic, institutional, political, etc.)

FIGURE 1.1
Key elements of information flow at the multidimensional science—policy interface(s).

Our research assumes a prominent role for such information in policy for-
mation and problem resolution, an assumption examined closely in many
case studies. Using this framework, we are developing techniques to mea-
sure information use and influence, to identify and mitigate communica-
tion barriers, and to understand the many processes at work at the interface
between information producers and users.

Our research to date has been conducted primarily through case studies of
governmental, intergovernmental, and nongovernmental organizations rep-
resenting national, regional, and global settings, which give extensive atten-
tion to coastal and ocean environmental matters, and are involved in public
policy development. In particular, we are examining the ways in which
information impacts the development of legislation and policy, and how it
affects environmental decision-making and management programs within
ICOM. Our research also addresses stakeholder perceptions of the policy
process and the role of information, acknowledging the wider influence of
socioeconomic and political contexts on all of these relationships.

We are involved in ongoing research partnerships with many govern-
mental organizations and other partners. Our findings have prompted
recommendations about the communication of scientific information
that are being considered by the case study organizations to increase the
use and influence of their information in policy-making and decision-
making important to the marine environment (Avdi¢ 2013; Cano Chacén
2013; Chamberlain 2015; Cordes 2004; Cossarini 2010; Cossarini et al. 2014;
Hutton 2009, 2010; MacDonald et al. 2004, 2007; MacDonald et al. 2010, 2013;
McLean 2014; Ross 2014; Soomai 2009, 2013, 2015; Soomai et al. 2011a, 2011b,
2013; Soomai et al. 2011; Wilson 2015). Integration of the findings from all
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of the data sets is informing the development of theoretical models of the
life cycles of marine environmental information and general measures
of the influence of marine environmental information within the ICOM
process.

In 2013, the EIUI program hosted a 2-day workshop, “Marine Information
Matters,” for discussion between EIUI researchers and its partners. The
meeting discussed current approaches to the research, methods to measure
use and influence of information in light of ongoing advances in information
technologies, and subject areas for future studies (EIUI 2013).

The workshop led to a special session, “Does Information Matter? A Critical
Question for the Future of Coastal Zone Management,” at the 2014 Coastal
Zone Canada Conference, in Halifax, Nova Scotia. This session brought
together scholars and practitioners to address questions such as: Where does
evidence come from? How does it make its way out of the laboratories and
offices of scientists and other researchers into the minds and documents of
policy makers and decision makers? Who is responsible for bridging the
communication gap between these different groups? What enables informa-
tion mobilization? What inhibits it? How can the science—policy communi-
cation gap be bridged effectively? Following the conference, the EIUI team
initiated this book, the contributing authors being panelists from the confer-
ence session and other invited experts.

1.3 Objectives of the Book

This book deals explicitly with the role of scientific information in the policy-
making process critical to ICOM. It assumes a belief in evidence-based policy-
making, recognizing that such an approach is not universally accepted. The
fundamental concepts and principles and the case studies explored in this
book aim to increase understanding of the multidimensional processes at
the science—policy interface by which scientific information is incorporated
into policy decisions. The case studies of coastal and ocean reports and orga-
nizations producing information examined in this book provide empirical
evidence of the benefits and challenges of communication of information,
and its use in policy contexts. The use of multiple methods in the case stud-
ies demonstrates the complexity of studying information flows at the many
manifestations/occurrences of the science—policy interface—for example,
within and among organizations—and elucidates enablers and barriers to
that activity.

The contributors are experts in various disciplines: information manage-
ment, marine environmental science, resource management, health sciences,
environmental governance, risk management, public policy, and coastal
and ocean management. All of these disciplines and others play a role in
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ICOM, and all are information based. They include leading researchers in
the emerging research area on information/knowledge utilization and the
science—policy interface. These experts are among the senior professionals
from governmental, intergovernmental, and nongovernmental organiza-
tions with coastal and ocean management mandates. Similarly, the reviewers
of the book chapters were selected from the leading researchers and experts
in the fields of information management, environmental governance, pub-
lic policy, and resource management, with national, regional, and global
experience.

Through this collective effort, we have begun to attain a comprehensive
understanding of how coastal and ocean scientific information is currently
used in related policy formulation and management decisions. Above all, the
content of this book contributes to increased awareness of the critical role of
scientific information in the policy-making process among policy makers,
senior decision makers, resource managers, scientists, students, and other
interested groups, especially those working on coastal and ocean issues.

1.4 Topics Covered in the Book

Chapter 2 provides an overview of the science—policy interface in ICOM,
drawing on relevant scholarship. The next section of the book (Section
II) addresses fundamental concepts and principles, focusing on the role
of information in the following contexts: the science—policy interface in
ICOM (Coffey and O'Toole, Chapter 3); global fisheries governance (Rice,
Chapter 4); risk regulation and governance in coastal areas (Quigley and
Porter, Chapter 5); fisheries certification, global shipping, and tourism
(Toonen and Mol, Chapter 6); strategies for stakeholders seeking informa-
tion on ICOM (Ascher and Ascher, Chapter 7); network analysis and trust
in science (Hartley, Chapter 8); coastal and ocean decision-making in the
United States (McNie et al., Chapter 9); science in public policy (Gluckman
and Allen, Chapter 10); and an analysis of methods for analyzing informa-
tion awareness, use, and influence (Soomai et al., Chapter 11).

The third section of the book, Section III, analyzes the role of information
in the science—policy interface via the following case studies: Canada’s State
of the Scotian Shelf Report (Ross and Breeze, Chapter 12); global ocean ship-
ping (DeSombre, Chapter 13); processes of regulatory decision-making in the
health sciences (Graham and Jones, Chapter 14); the Atlantic Coastal Zone
Information Steering Committee and ICOM (Sherin and Baccardax Westcott,
Chapter 15); a Canadian federal government department, Environment
Canada (Wells, Chapter 16); the Food and Agriculture Organization of the
United Nations (Ababouch et al., Chapter 17), and the Ecology Action Centre,
an environmental nongovernmental organization (Fuller et al., Chapter 18).
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The final section of the book (Section IV, Chapter 19) synthesizes key points
from the preceding chapters, drawing lessons for the production, use, and
influence of information at the science—policy interface in ICOM. Additional
challenges and areas of further research are also set out.

1.5 Wider Contributions of the Book

This volume advances our knowledge of the role(s) of information in policy
decision-making on priority coastal and ocean environmental matters. This
new knowledge contributes to the disciplines of information management,
marine environmental studies, resource management, and public policy. In
addition to building theoretical understanding in this understudied area,
insights provided, particularly in the case studies, will inform information
diffusion and knowledge management practices for the development and
implementation of effective coastal and ocean policies. Specifically, this
book provides (1) solution-oriented benefits related to the marine environ-
ment, (2) an increased understanding of the science—policy interface, and
(3) an examination of current methods for studying information flows and
knowledge utilization in coastal and ocean management.

The book contributes to increased awareness of the critical role of informa-
tion in solving environmental problems. Many of the case studies examined
in this volume examine information management dimensions of environ-
mental issues within government departments. Lessons drawn from the
fundamental concepts and principles and the case studies described in the
book can enhance best practices for more effective communication and use
of marine environmental information, particularly at the science—policy
interface.

This volume explores the different occurrences and types of science—policy
interfaces existing within and between organizations. It also examines the
varying roles of different types of organizations—apart from government—
in information production and dissemination. For example, reports by
nongovernmental organizations and scientific academies and professional
associations are increasingly important. Understanding the difference
between use and influence of information and assessing impact or influence
is a major challenge. There is often no easy way of differentiating between
use and influence or to measure the impact of one individual or organization
against the influence of a similar organization.

Research aimed at understanding the role of information at the science-
policy interface needs an interdisciplinary approach encompassing the disci-
plines of information management, marine environmental studies, resource
management, public policy, and governance. Our research highlights the fact
that a range of methods is needed to study communication of information and
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use in policy-making. No single research method can provide a total picture of
information flows. The questions posed by our research about the communica-
tion process help to increase understanding of the enablers and barriers to com-
municating research findings, as well as set out directions for further research.
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2.1 Introduction

In February 2013, the Halifax Chronicle Herald reported that the Nova Scotia
minister of fisheries, Sterling Belliveau, had suggested to members of the
Canadian federal Senate Committee on Fisheries and Oceans that “Nova Scotia
fishermen should be allowed to fish several ‘undeveloped” species provided
scientific data shows that it’s feasible.” Belliveau went further to state, “Several
Nova Scotia fishermen have applied to the department ... to fish stone crab
and other undeveloped species and have been denied due to a lack of scientific
information or old data. ... Well let’s get some,” he emphasized (McLeod and
Medel 2013). Whether the minister received the evidence that he requested is
now a moot point (the government fell in an election eight months later), but
the call for additional scientific information highlights evidence-based policy-
making in action, a concept that has received attention from researchers and
practitioners for over two decades. This topic also figures in public discourse.
A year after The Chronicle Herald reported the minister of fisheries” statements,
an editorial on the storage of fracking waste water in that newspaper expressed
the view that “governments ... must base their decisions on the best objective
criteria available” (“Respecting the Evidence on Fracking Waste Water,” The
Chronicle Herald, January 31, 2014). Although these news media accounts may
suggest that evidence-based policy-making is common and straightforward in
application, in fact the practice is more complex and multidimensional than
might be expected, as many intersecting factors and actors play a part in the
picture, that is, for governments, using the best science in the public interest in
a sea of competing interests and political considerations.

As the growing body of literature on the science-policy interface (or,
more broadly, the research—policy interface) shows, a gap frequently
exists between scientific evidence and decisions that could be informed
by and benefit from that evidence. The presence of the gap, which has
been noted by scientists, policy makers, journalists, and other stakehold-
ers alike, has prompted numerous calls to address the problem. In 2010,
for example, the journal Nature declared that “scientists ... can and must
continue to inform policy makers about the underlying science and the
potential consequences of policy decisions” (Nature 2010, p. 141). Nature's
editors have been by no means alone in underscoring the importance of
communication between scientists and policy makers so that credible,
timely scientific information is considered in decisions about global issues
(see, e.g., Bremer and Glavovic 2013; Eden 2011; Elfner et al. 2011; Schenkel
2010). The American Association for the Advancement of Science (AAAS)
has also been particularly active for many years on this issue of commu-
nication through its policy forum column in the journal Science. Although
scientific facts and understanding related to an issue/problem are only one
dimension of decision-making and policy-making, the importance of the
facts should not be underestimated.
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The deteriorating health of the world’s oceans also led Dr. Jane Lubchenco
(a distinguished marine ecologist, former AAAS president and former
undersecretary of commerce for Oceans and Atmosphere and administrator
of the National Oceanic and Atmospheric Administration) and Nancy Sutley
(former chair of the White House Council on Environmental Quality and
the Interagency Ocean Policy Task Force) to state that “the need for science-
based solutions and forward-thinking, holistic approaches to management
has never been greater” (Lubchenco and Sutley 2010, p. 1485). These views
were repeated by Lubchenco at a high-profile ocean health seminar at the
AAAS conference in Boston in 2013 (AAAS 2013).

At the 2010 Coastal Zone Canada Conference held in Charlottetown, Prince
Edward Island, participants in a panel on Information Management for
Integrated Coastal and Ocean Management (ICOM) debated why the use of
information and its management seemed to be an invisible part of the ICOM
process. Every issue in coastal and ocean management and every stage of
ICOM involve the creation, distribution, awareness, and use of information,
although clearly to varying degrees. The speakers wondered what accounts
for blind spots regarding the role(s) and values of information in ocean and
coastal management contexts. Can the challenges be attributed to the ubiquity
of information? Is information so common that everyone takes it for granted?
Indeed, is the very question of information’s role naive and unnecessary? We
are immersed in information from birth and perhaps assume that everyone
knows how information “functions” for individuals, groups, and society; as
a consequence, we do not recognize or appreciate the complexity of informa-
tion behavior and systems that operate all around us and their significance in
decision-making and management activities. Information is simply taken for
granted, much like air in our daily lives. As well, other challenges abound,
including issues of communication, hidden information (deliberately or
not), the overwhelming volume of information, limited awareness or under-
standing of coastal and ocean management issues, the complex relationships
between sectors and disciplines, trust or lack of trust among practitioners in
various fields, and political considerations. In short, the role of information
in integrated ocean and coastal management seems to be the “elephant in the
room”—a factor of unrecognized importance and hence, understudied.

The number of research studies and the resulting literature on marine sub-
jects are growing substantially, yet the health of the oceans is deteriorating
rapidly (UNEP 2006; WWEF 2015). This observation initiated the research pro-
gram of the interdisciplinary Environmental Information: Use and Influence
group at Dalhousie University more than 10 years ago (Wells 2003; Cordes
2004; MacDonald et al. 2004). Researchers have estimated that global scien-
tific output doubles about every nine years (Bornmann and Mutz 2014; Van
Noorden 2014), and other recent research emphasizes that the acceleration of
scientific publishing is resulting in a new paper being published “roughly
every 20 seconds” (Munroe 2013). Two other scholars have estimated that at
least 114 million English-language scholarly documents are available on the
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web (Khabsa and Giles 2014). The production and availability of information
are not uniform throughout the world, however, as some regions face greater
challenges than others as a result of limited capacity in financial resources
and available information technology (Holmgren and Schnitzer 2004).

Great effort and resources have been poured into producing research publi-
cations, including many major scientific reports on the state of the marine envi-
ronments, but as Wells (2003) asked, are the reports being noticed and read,
and are they influencing decisions where it matters most, that is, in protecting
the oceans? At a superficial level, one might conclude that the research has
limited or no effect, because marine environments are continuing to degrade.
Such a conclusion is, of course, far too simplistic. More information is available,
but this coincides with more people living along the world’s coastlines, con-
tributing to increased pressures on the system. As well, direct application of
research information in public policy or decisions may not occur, the pathway
of information to a policy or a decision is not always obvious, and often a signif-
icant time lag exists between the identification of a problem and its solution. In
addition, researchers and other stakeholders “often despair that clear findings
are sometimes not heeded when decisions are made about the direction and
delivery of public services. Indeed, policy decisions sometimes seem to fly in
the face of what is considered to be the best available evidence [or information]
about ‘what works” (Nutley et al. 2007, p. 1) or what is needed, for example,
slowing climate change and limiting the discharge of pollutants.

This chapter introduces the topic of evidence-based policy-making, character-
istics of the science—policy interface, and methods for enhancing communi-
cation of information at the interface, in the context of ICOM. As the chapter
progresses, the role of information and the need to understand these con-
cepts, processes, and methods will emerge.

2.2 Information Use in Policy-Making for Integrated
Ocean and Coastal Management

2.2.1 Information Needs

The need for a solid scientific basis for decision-making in ICOM is evident
(Cicin-Sain and Knecht 1998), given the complexity of interactions between
the environment, resource users, economics, and social well-being of com-
munities. Specific information needs are related to particular coastal and
ocean management issues. While this book does not focus on data per se, for
example, data contained in geographic information systems, environmental
trend analysis, and fisheries statistics, it explicitly examines how advice for
management available in research literature, including technical and sum-
mary reports, is used in decision-making.
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As mentioned in Section 2.1, the oceans face many problems related to
the sustainability of living marine resources, the protection and conserva-
tion of habitats and biodiversity, and the protection of ocean and human
health. The leading environmental issue recognized globally is anthropo-
genic climate change, which has been receiving particular attention over
the past two decades and is the focus of interest of many scientists, policy
makers, and international institutions. The work of the Intergovernmental
Panel on Climate Change (IPCC) is an informative example of how scientists
and policy makers can work together, bridging the so-called science—policy
interface, to tackle an urgent global issue in marine environmental manage-
ment. The IPCC’s five incremental assessment reports to date illustrate how
the best available science about a given problem can be evaluated, summa-
rized, and then presented to policy makers, with their involvement and for
their use (IPCC 2014). The policy summaries are the product of many discus-
sions and reviews and are written specifically for the decision maker, policy
maker, and non-expert audience (including politicians).

Since the 1990s, as recognized by Cicin-Sain and Knecht, a “continuing
challenge in the management of coastal resources generally centers on the
science-policy interface. Improvements in resource management usually
depend on improvements in our understanding of the processes involved”
(Cicin-Sain and Knecht 1998, p. 173). Insights from a study on the science—
policy interface conducted by the US National Academy of Science (NAS),
cochaired by Cicin-Sain, included suggestions for improving communica-
tions across the interface (NRC 1995). More than a decade later, a study by
the US NAS added that understanding how science is used in policy requires
an investigation into what makes reliable, valid, and compelling policy
arguments from the perspective of policy makers (NRC 2012). Often, due
to the focus and demands of their research, scientists see their primary job
as contributing to the body of scientific knowledge, while producing infor-
mation that is directly useful in decision-making is sometimes regarded as
less important. National academies such as the National Research Council
(United States), the Council of Canadian Academies, and the Royal Society
(United Kingdom) have undertaken research to bridge this gap while address-
ing key societal issues. Along with these advances, numerous researchers
have probed the issue of the attributes of information per se and consider
“useful” information in decision-making to be salient, that is, relevant to the
needs of decision makers and other stakeholders; credible, that is, scientifi-
cally adequate in the eyes of the stakeholders; and legitimate, reflecting the
perception that its production was unbiased (Clark et al. 2006; Delaney and
Hastie 2007; McNie 2007; see also Chapters 3, 9, and 10 in this volume).

Despite this progress, understanding information use and influence in
policy-making on major issues of societal concern remains a relatively new
area of investigation. The case studies in Section III of this book describe
how marine information is produced, communicated, and used in ICOM
and associated areas critical to the oceans.
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2.2.2 Evidence-Based Policy-Making

Evidence-based policy-making can be traced back to at least the 1960s,
when large-scale planning processes took place in the United States in
areas such as defense, urban redevelopment, and budgeting (Howlett
2009). The term evidence-based, or the increasingly common evidence-
informed policy-making, encompasses efforts to guide policy processes by
giving priority to evidentiary decision-making criteria. The objective is
to avoid or minimize policy failures resulting from a mismatch between
expectations of governments and “on-the-ground” conditions (Howlett
2009, p. 154). While there has been no fundamental challenge to the basic
concept of evidence-based policy-making, UK researchers such as Nutley
et al. (2007) found that the evidence confirming any benefits or dysfunc-
tions of the process to be rather thin. Notwithstanding this finding, enthu-
siasm for the insights offered by research gained ground over a decade
ago, “epitomised in the UK by the rhetoric of Tony Blair’s Labour govern-
ment” at the end of the 1990s, which adopted the slogan “what matters
is what works” (Nutley et al. 2007, p. 10). This perspective “was intended
to signal an end to ideologically-based decision-making in favour of evi-
dence-based thinking” (Nutley et al. 2007, p. 10). Governments in other
jurisdictions embraced evidence-based decision-making practices to vary-
ing degrees (e.g., Denmark and New Zealand) or not at all, to the conster-
nation of researchers and the informed public, for example, recently in
Canada (see Turner 2013; Harris 2014; Winfield 2013).

Concerns about wholesale adoption of the evidence-based approach
have been raised (e.g., see Cherney and Head 2010), chief among these
being suggestions that research evidence is only one factor involved
in decision-making. Anne Glover, former chief scientific advisor to the
European Commission, noted at the AAAS conference in Boston in 2013:
“I know that our world is not just based on evidence, nor should it be, and
that scientists are not responsible for making [policy] decisions. Where I
feel we're in the wrong place is that at the moment we are very relaxed
and quite cavalier sometimes about the evidence” (AAAS 2013a,b). The
conference report further stated that “[e]Jven when heads of state make
policies that deviate from the available scientific evidence, Glover would
like them to nonetheless state that ‘we accept the evidence, but for other
reasons—political, social, economic reasons—we go in this direction”
(AAAS 2013a,b). In Glover’s view, this will “stimulate much better dia-
logue with citizens in enabling the use of new technologies.” Glover’s
views were echoed to a large degree by Sir Peter Gluckman, chief sci-
ence advisor to the New Zealand prime minister, in a lecture given at
the University of Sussex on January 21, 2014 (Gluckman 2014). At a subse-
quent conference on Science Advice to Governments in Auckland, New
Zealand, in 2014, both Glover and Gluckman were among the senior advi-
sors participating in this first international summit on science advice.
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The official media report of the conference stated that “science advice to
governments has emerged as a discipline in its own right, which is both
art and science” (International Network for Government Science Advice
2014).

Concerns about the adoption and application of evidence-based policy,
while meriting attention because they highlight the complexity of factors
characterizing a gap between science and policy, do not override the rel-
evance and importance of drawing on scientific information in efforts to find
solutions to pressing problems facing society at every jurisdictional level.
The growing body of research literature on the science—policy interface is
one indicator that this matter is gaining greater recognition among aca-
demics and practitioners. Since 2014 alone, more than 125 research papers
have discussed aspects of the science—policy interface (based on a Web of
Science, EBSCO, and ProQuest search in September 2015). Research aimed
at understanding what contributes to the gap between the availability of
information and knowledge arising from research and the processes of
policy-making and decision-making has increased as both researchers and
policy makers lament the distance between the two (e.g., Coffey and O'Toole
2012; Jasanoff 1994; Lalor and Hickey 2013; Mitchell 2010; Nursey-Bray et al.
2014; Pielke 2007; Shanley and Lopez 2009; Schenkel 2010; Spruijt et al. 2014;
Stoutenborough and Vedlitz 2014).

2.3 Role(s) of Information at the Science-Policy Interface

The role(s) that scientific information plays in decision-making is either
understudied or underemphasized. However, it is entwined in decision-
making processes and is often in the foreground of the rhetoric about the
gap between science and policy, as noted in Section 2.2.2 and in comments
from the Science Advice to Governments Conference in New Zealand
(International Network for Government Science Advice 2014). Researchers
have highlighted that most models of scientific communication ignore the
use of research information in public policy-making, where information
assimilation is a quite different process than in pure research contexts (Duff
1997; Doern 2001; Dunn 2005; Sendergaard et al. 2003; Van der Veer Martens
and Goodrum 2005).

Some of the dimensions of the science—policy interface are illustrated in
Figure 2.1, which shows a canvas composed of many actors and factors oper-
ating under the realms of science and policy (with a focus on public policy
and decision-making in government). Conceptually, the bridge encompasses
numerous features regarding infrastructure that facilitate communication
channels across the gap between the science and policy realms. Information
arising from research can be communicated in the direction of policy, that is,
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Bridging the science—policy interface: some of the actors and factors to consider.

science advice can be given, and in turn, policy can communicate questions
or problems that researchers can tackle and then forward new evidence back
to the policy community. Some have argued that the information to policy
challenge is largely a communications issue, whereby inadequate or ineffec-
tive communication results in a barrier to information or knowledge trans-
fer (e.g, Kahan 2010). If a message lacks clarity or fails to take account of
the perspective or needs of an audience, communication will falter. While
on the surface this assessment may seem entirely intuitive, the matter may
be considerably more complicated, because many factors can be wrapped
up in the communication challenge. A range of actors in the science and
policy realms and at the bridge facilitate communication. Enablers and bar-
riers characterize the activities in this dynamic process, and the context of
these activities brings numerous additional factors to bear on what must be
accepted as a complex and nontrivial phenomenon (MacDonald et al. 2010;
Soma et al. 2016).

The sections that follow draw on recent studies reported in the science—
policy interface literature to examine how researchers are attempting to
build understanding of the activities at the interface, especially what often
causes or creates the apparent gap between the two realms. Further discus-
sion of these themes is presented in the chapters in this volume, particularly
Chapter 19.
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2.4 Characteristics of the Science—-Policy Interface

The science-policy interface operates at several scales: geographic,
institutional, political, and temporal (Nutley et al. 2007; Young 2014). However,
the interface is more inclusive than the label implies, as it encompasses many
social processes and may include traditional or local knowledge. In fact, mul-
tiple interfaces exist due to many information, decision-making, and policy
contexts. Furthermore, the information universe is multidimensional, and
information flow may be nonlinear, which also accounts for the complexity
of activity at the science—policy interface. While information can follow a
direct pathway from published research to a decision-making context, more
often information arising from research moves concurrently through mul-
tiple channels at varying paces (sometimes rapidly, as can be the case with
social media) and involves a variety of actors, for example, nongovernmental
organizations (NGOs), journalists, and the interested public.

The remainder of this section examines some of the main characteristics of
the interface: actors involved in the policy- and decision-making processes,
diverse subjects and available knowledge, available information products
and framing of the issues, politicizing of science, uncertainty, and organiza-
tional aspects. Many of these characteristics can act as enablers or barriers
to information flow at the science—policy interface (e.g., Cossarini et al. 2014;
Oltmann 2015; Suhay and Druckman 2015).

2.4.1 Actors

The primary actors in the production of scientific information are research-
ers working in a range of organizations: national governmental agencies,
international intergovernmental agencies, universities and colleges, pub-
lic and private research institutes, business and industry, and NGOs. The
primary actors in the policy processes are science advisors, policy ana-
lysts, policy makers, and decision makers in provincial/state, regional, and
national governmental departments and agencies and in intergovernmental
organizations. Science advisors distill the information and prepare options
and recommendations outlined in briefing notes and documents. Policy ana-
lysts support other civil servants and are primarily responsible for provid-
ing informational inputs and policy advice to the policy makers. The latter
are senior civil servants and politicians, while senior decision makers at the
policy level are considered to have political powers and are often politicians
(Bardach 2004; Ouimet et al. 2009).

Apart from researchers and policy makers, the interface may involve
multiple additional stakeholder groups with external influences on the pro-
cess, for example, NGOs and industry. Within these groups, the “interested
public” has been identified as playing a role, since interested and informed
individuals are often engaged in ICOM activities (Soomai et al. 2011, 2013).
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Furthermore, journalists and the media, who have been described as “com-
petent outsiders to science” (Polman et al. 2014, p. 766), can exert direct or
indirect influence in policy contexts by defining issues, swaying national
policies, highlighting conferences, and generally providing information to
the public (Briiggemann and Engesser 2014; Clarke et al. 2015; Cooper 2011;
Dikou and Dionysopoulou 2011; Ford and King 2015; Luokkanen et al. 2014;
Voyer et al. 2013; Weitkamp and Eidsvaag 2014). Nisbet and Fahy (2015, p. 38)
assert that “journalists and their news organizations can contextualize
and critically evaluate expert knowledge, facilitate discussion that bridges
entrenched ideological divisions, and promote consideration of a broader
menu of policy options and technologies.”

2.4.2 Diverse Subjects and Available Knowledge

As noted in Section 2.1, the publication of scientific research is accelerating,
and our understanding of coastal and marine (ocean) environments is grow-
ing. For ICOM to work effectively—given ecosystem approaches to manage-
ment—integrating information and knowledge from social, economic, and
political domains, as well as local and traditional knowledge, is needed to
resolve the problems that are the focus of coastal and ocean management
(Ascher et al. 2010; Raymond et al. 2010; Taylor and de Loé 2012; Bremer 2014;
Bremer and Glavovic 2013; Singh et al. 2014). Governmental agencies can act
as nodes of networks, and may lever the resources of many actors, including
industry, scientists, government bodies, NGOs, and interest groups, to com-
municate information. However, integrating natural, social, economic, and
local perspectives is often challenging, as gaps or uncertainties are inher-
ent in data sets, for example, in long time series of ecological data. The case
study on awareness and use of state of the environment reports in this vol-
ume (see Chapter 12) elaborates on this characteristic.

2.4.3 Information Products and Framing of Issues

A policy brief (or briefing note, as mentioned in Section 2.2.1) is a common
format by which information reaches senior managers, policy makers, and
politicians in many government organizations. Despite their frequency as a
means of disseminating the results of research, few studies have explored
the effectiveness of this form of communication (Beynon et al. 2012; Masset
et al. 2013). In one recent study, little evidence was found that policy briefs
led to a change in prior beliefs (Rajabi 2012). The results of research can be
reported in a multitude of information products and formats, which can
enable information dissemination, but at the same time can confuse poten-
tial readers as to which source is reliable. The case studies in this volume
shed further light on this topic.

The framing of a problem or issue in a policy brief or another format of
advice defines its primary elements and scope, and communicates the
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options for decision makers. Therefore, the way in which a problem or issue
is framed can determine how important and worthy of attention it becomes,
and how well it can influence how political and societal actors, for exam-
ple, government, NGOs, industry, professional communities, and the gen-
eral public, view the complexity and uncertainty related to the issue (Lakoff
2010; Kahan 2015; Rudd 2015). Morton et al. (2011), for example, showed that
individual intentions to behave environmentally decreased when climate
change predictions with high uncertainty were negatively framed, that is,
highlighting possible losses. However, when the same predictions were pre-
sented with a positive frame, that is, underlining the possibility of losses
not materializing, this produced stronger intentions to act. In another recent
study, McComas et al. (2015, p. 50) found that framing a marine health issue
(the health of oysters) as a public health matter resonated more with readers
than messages focusing specifically on marine health, which led the authors
to suggest that “linking marine disease to public health could increase con-
cern and support for marine policy that can protect not only public health
but also reduce risks to marine organisms.” This topic is explored further
in the chapters on science information and governance (Chapter 4), risk
(Chapter 5), and participatory approaches (Chapter 6).

2.4.4 Politicizing of Science

Policy-neutral science is characterized by transparency, reproducibility, and
independence (Heazle 2004). Science advice is also expected to be unbi-
ased, objective, impartial, and policy neutral (Rice 2011). This neutrality is a
characteristic of “best available scientific advice” for evidence-based policy-
making (Nutley et al. 2007). However, science and politics often do not exist
as completely independent entities; they can be inseparable, with a blurred
boundary between policy advocacy and science, whereby scientific advice
can carry a political bias even if it is not intentional (Lackey 2007; Rice 2011;
see also Chapters 4 and 10 in this volume).

Misinformation or misuse of information may be unintentional, that is,
honest errors are made, or intentional, that is, incorrect information is pre-
sented to purposely mislead. Misinformation can be a common practice
when there is an absence of information (Deeming 2013) or where there are
high economic stakes for industry and government, for example, funding
anti-climate change groups and studies (e.g.,, Wogan 2013). The experiential
judgment of politicians and other key decision makers may also be consid-
ered to be just as important as data, information, and analysis by trained
policy analysts. This topic is explored further in Chapter 10.

2.4.5 Uncertainty

Scientific uncertainty is largely due to the inherent variability in natural
systems and to statistical uncertainty arising from assessment methods.
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How uncertainty is understood and dealt with by scientists and policy mak-
ers can determine whether and how information is used in decision-making.
Uncertainty can be exaggerated, underemphasized, or even ignored, and
is most often not understood by scientifically untrained personnel and the
general public.

Policy makers and decision makers can delay making policy decisions
in the face of uncertainty in scientific recommendations (Wardekkera et al.
2008). As another means to postpone action, managers can demand more
information to address uncertainty. Scientific uncertainty about a problem or
measurement can also be overplayed by scientists and policy makers, result-
ing in more time and resources being focused on acquiring data and pro-
viding advice to describe the uncertainties. Furthermore, the requirements
for very low uncertainty expected in some policy contexts, for example,
healthcare, where evidence-based practice is championed today, may not be
directly applicable in other policy areas, where it may be very difficult, and
probably not necessary, to obtain research evidence to the same high degree
of certainty.

Underemphasizing uncertainty can be even more dangerous than over-
playing uncertainties and can do lasting damage to the credibility of the
science (Maxim and van der Sluijs 2011; van der Sluijs 2012; Wilson 2009).
Examples from the literature on climate change show that exaggerating
certainty can create a false confidence in the credibility and legitimacy of
scientific advice, which can then be exploited to obstruct and delay policy
intervention (Russell 2010; van der Sluijs et al. 2008). In the climate data
Climategate controversy and the IPCC, problems arose when the scientific
advice did not reveal all sources of uncertainty in spite of the rigorous peer
review that was applied. The research community believed that some uncer-
tainties in the input parameters were benign, as the outcome of the assess-
ment would not change whether or not the uncertainties were accounted for
(Netherlands Environmental Assessment Agency 2010; Ravindranath 2010).
However, a lack of transparency in the assessment process was used as a
point of contention and an attempt to publicly discredit the scientific advice.
Similar dangers from overselling certainty were noted in other scientific
advisory bodies, for example, some International Council for the Exploration
of the Sea (ICES) fisheries scientists identified with Climategate, as they reg-
ularly “simplify” uncertainties in stock assessments when they communi-
cate advice to fisheries managers (Dankel et al. 2012; Wilson 2009). This topic
is further explored in Chapter 9, where the role of communication networks
in addressing uncertainty and building trust is discussed.

2.4.6 Organizational Aspects

The divergent professional motivations and different timescales of the out-
put associated with science and policy communities affect information flow
across the interface (Tribbia and Moser 2008). Scientists are interested in
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and focus on understanding natural phenomena, making discoveries, and
solving problems, using scientific procedures that often require producing
an extensive time series of data. Policy makers and program managers, on
the other hand, typically need advice on solutions to immediate problems.
Compromise between the two ways of addressing problems and information
needs is often weak or impossible. For example, the demand for technical
audits and program evaluations in government-funded science programs is
often based on the fiscal year (Doern and Reed 2000), and some individu-
als’ priorities are driven by the electoral cycle; scientific research and related
reports for policy-making most often cannot be completed within similar
time frames. The traditional hierarchical structure of government bureau-
cracies also creates departmentalization and centralization, which can limit
communication of information and information needs and potentially cause
conflict within the public service (Yang and Maxwell 2011).

Political decisions are typically publically visible, sometimes the outcome
of intense partisan debate, and can be contentious. However, the processes
by which the decisions are made are generally not transparent, even though
the decisions often have far-reaching implications, that is, through new or
revised legislation. Gaining access to decision makers to build understand-
ing of how scientific information is used is difficult and often unachiev-
able. Consequently, many studies have focused on the need for and use of
information by environmental managers (e.g, Delaney and Hastie 2007
Jacobson et al. 2013; Kirchhoff 2013; Tribbia and Moser 2008; White et al.
2008). Recently, two researchers at McGill University were able to gain
some understanding of decision-making at the highest levels of governance
in Canada and Australia by interviewing former environment ministers
(senior politicians) and deputy ministers/department secretaries (senior
public servants) (Lalor and Hickey 2013). The politicians and public servants
“generally believed in the value of science as a foundation for decision-
making,” but they called for “more inclusive and contextualized knowledge”
to inform decisions (Lalor and Hickey 2013, p. 774). The different motivations
of scientists, managers, and senior decision makers to act in policy contexts
are explored in more detail in the chapters on governance (see Chapters 4
through 6 and 10) and in the case studies in Section IIL

2.4.7 Quality Control (Peer Review) and Attributes of Information

Numerous studies have pointed to the growing production of gray literature
by government departments, international intergovernmental organizations,
and NGOs, resulting in greater reliance on gray literature for disseminating
information to inform decisions and policies (e.g., MacDonald et al. 2004, 2007;
Luzi 2000; Schopfel and Farace 2010; Webster and Collins 2005). Although the
use of gray literature in policy development is deemed very important, and
while these publications are generally created through rigorous peer review,
their credibility is often questioned compared with the primary literature,
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that is, the journals produced by commercial publishers. Moreover, ques-
tions about the credibility of some open access journals contribute to distrust
of the quality of scientific information (Bohannon 2013).

Given an environmental issue at hand, the best available information can
be determined based on its attributes, that is, credibility, salience, and legiti-
macy, as described in Cash et al. (2003) and Mitchell et al. (2006). These attri-
butes can be used to filter out information in decision-making processes. The
credibility of the available information refers to the perceived validity of the
information used, relevance reflects the extent to which the work carried out
is relevant to the policy process, and legitimacy reflects the perceived fair-
ness and political acceptability of the information used in a decision. This
subject is given further attention in Chapters 10 and 14.

2.5 Enhancing Communication of Information
at the Science—Policy Interface

Different interpretations of the science—policy interface in integrated coastal
and ocean management exist (e.g., Boelens 1992; Bremer and Glavovic 2013;
Koetz et al. 2011). In a science-based interface that follows a linear model, the
inherent uncertainty in science is attributed to a lack of available informa-
tion, warranting the creation of new science to fill gaps in the information
delivered to decision makers. Alternatively, in a participatory approach or a
more collaborative model of a science—policy interface, uncertainty is con-
sidered to be inevitable, necessitating the integration of existing knowledge,
including scientific knowledge and local knowledge, in an interdisciplinary
approach. Knowledge mobilization is seen to be dependent on the character-
istics of each science—policy interface, and a variety of factors can contribute
to the use of information in these contexts.

2.5.1 Boundary Organizations

Boundary work facilitated by boundary organizations extends peer commu-
nities by sometimes including increased public participation and changes to
traditional management processes, for example, adaptive management, in an
effort to bridge the divide between science and policy-making by facilitat-
ing greater interaction between the producers and the users of information.
The overall impact of these initiatives is increased perception of salience or
relevance of information to the policy process, increased legitimacy related
to inputs from multiple sources, and credibility related to the validity of
findings. The case studies in Section III of this volume provide more detail
on efforts to enhance communication of information at the science—policy
interface.



Understanding the Science—Policy Interface 33

Boundary work seeks to bridge the divide between science and policy-
making and to connect two or more otherwise disparate groups, that is, sci-
entists and policy makers, allowing the policy network to share information
efficiently and quickly (in scale and time) and often leading to more pro-
ductive policy-making (Guston 1999, 2001). Boundary organizations employ
specialists, known as interpreters, bridgers, or mediators, from both sides of the
science—policy interface to broker links between advisors or policy makers
and scientists (Guston 2001; Pielke 2007, Holmes and Clark 2008; Van der
Sluijs et al. 2008). These specialists are often co-opted from external groups
into the decision-making structure of the boundary organization and play
the role of science arbiter and honest broker by offering insights from the sci-
entific advice or the policy requirements. They may assist in the selection of
policy options, facilitate the development of researchable questions to meet
policy needs and communicate these to researchers. They also provide an
up-to-date balanced overview and synthesis of what is known, and what
the key uncertainties are, in relation to a policy issue (Cossarini et al. 2014;
Drimie and Quinlan 2011; Godfrey et al. 2010; Grainger 2013; Huitema and
Turnhout 2009; Mitchell et al. 2006).

2.5.2 Extended Peer Communities and Increased Public Participation

Extended peer communities and increased public participation facilitate
coproduction of information, which enhances communication, for exam-
ple, across multiple organizations, jurisdictions, and stakeholder groups.
Participation of stakeholders in knowledge production can also help to
increase the quality of the information product; for example, including more
viewpoints in a risk assessment can improve the usefulness of the assessment.
The extended peer community becomes the foundation for salient, credible,
and legitimate science for policy advice (Cash et al. 2003). Coproduction of
information increases its salience, credibility, and legitimacy (McNie 2007;
Hegger et al. 2012) and has been addressed in the context of global envi-
ronmental assessments, an important component of ICOM (Mitchell et al.
2006). Given the number of actors, organizations, and stakeholders that can
contribute to policy development, the importance of networks in communi-
cating information at the interface is directly related to this topic (see Bodin
et al. 2006; Hartley 2010; Hartley and Glass 2010). Further details about the
relevance of networks in understanding information activities at the science—
policy interface are described in Section II, particularly Chapter 8, and case
studies in Section III, for example, Chapter 15.

2.5.3 Changes to Traditional Management Processes

Adaptive management is a characteristic of ICOM that promotes itera-
tive relationships between producers and users of information to facilitate
two-way communication, thereby increasing the usability of information
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(Forst 2009; Linkov et al. 2006; Katsanevakis et al. 2011; Sarkki et al. 2015).
Adaptive management—involving monitoring, evaluation, and modification
of management actions—facilitates decision-making in the face of inherent
uncertainty associated with social and ecological systems. The importance
of the iterative relationship between scientists and policy makers is seen in
studies involving climate change data (e.g., Dilling and Lemos 2011; Sarewitz
and Pielke 2007). In conceptualizing a connection between science, decision-
making, and societal outcomes, science is viewed in terms of the “supply”
of information, while societal outcomes are seen as the “demand” function
that seeks to apply information to achieve specific societal goals. Decision-
making is then conceptualized as reconciling the dynamic relationship
between supply and demand. Sarewitz and Pielke (2007) showed that a poor
reconciliation between supply and demand of climate information occurred
when users could not make efficient use of relevant available information,
and as a result, decision-making was affected.

2.6 Discussion and Conclusion

This chapter, as part of the introduction to this book, identified some of the
characteristics of the science—policy interface (or interfaces) that must be
understood to achieve effective ICOM. The chapters that follow will treat
these and other characteristics in more detail. The science—policy interface is
dynamic, and its characteristics are expected to change with time and with
regard to the issue at hand.

This discussion of the topics described our current understanding of some
of the characteristics of the science—policy interface and highlighted gaps in
the knowledge:

* The complexity of information behavior and systems involving
many different actors in decision-making and management activi-
ties is frequently encountered. Policy networks now include a wide
range of stakeholders, among them scientists, managers, policy
makers (including politicians), the international community, NGOs,
industry, journalists and the news media, think tanks, and the inter-
ested and general public.

* ICOM is characterized by a collaborative model of science—policy
interrelations, likely due to the public demand for increased trans-
parency in science and policy-making. Government and intergov-
ernmental organizations that inform the public about environmental
risks increasingly recognize that uncertainty must be dealt with in
a transparent and effective manner involving collaboration among
the scientific (research) community, policy makers, and interested
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stakeholders. This collaboration includes the framing of the problem,
choice of assessment methods, data collection strategies, interpreta-
tion of results, individual roles in knowledge production, open dis-
course on uncertainty, and the use of information in policy-making
circles to represent the diversity of perspectives from which a policy
problem and results of assessments can be viewed.

Questions remain about what accounts for blind spots regarding the
role(s) and values of information in ocean and coastal management
contexts. For example, can the challenges be attributed to the ubig-
uity of information, that is, is information so common that every-
one takes it for granted? How do the different actors or stakeholder
groups define “information”?

The need for further studies to understand the characteristics of the
science—policy gap is evident. For instance, the relationship between
science and politics is complex, and understanding decision-making
in contexts where value judgments appear to be unavoidable should
be a priority area for research. Furthermore, the motivations of
policy makers related to the use and influence of scientific informa-
tion in policy-making are still unclear. In evidence-based decision-
making, do decision makers, such as managers and senior policy
makers, understand the scientific information? As policy-making
circles expand, who are the new actors, and what are their roles in
the process? Are there other characteristics to consider in addition to
those described in this chapter?

The major attributes of information—credibility, relevance, and
legitimacy—influence its uptake in decision-making. The provision
of information resulting from interdisciplinary work and the forma-
tion of diverse peer review communities that adhere to ecosystem-
based approaches to management are the cornerstone of ICOM.
Given the vast and growing volume of such scientific information,
what standards or filters do decision makers employ to determine
usable information?

The need to develop methods to measure the use and influence of
information in policy contexts warrants being addressed. This would
offer direction for the creation of useable information and informa-
tion products, as well as clarifying which channels to use to ensure
that the information reaches decision makers in a timely manner.

Boundary organizations and specialists, such as knowledge brokers,
were identified as organizational components that may have the
ability to bridge the science—policy gap. However, such organiza-
tions and individuals cannot be expected to solve all of the problems
inherent in the interface. Further understanding on how boundary
organizations and knowledge brokers link the science and policy
communities is needed.

35
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It is expected that the concepts treated in this book will advance the dis-
cussion of how new information and knowledge about the problems facing
coasts and oceans (produced largely by natural and social scientists and cou-
pled with local or traditional knowledge) will move more effectively to the
primary users of that information and knowledge: ocean managers, science
advisors, policy makers, and decision makers.

That this subject is vitally important is becoming increasingly evident, as
problems appear faster than solutions, or persistent problems prove to be
almost intractable, despite the huge repository of potentially useful informa-
tion. Hence, the goal of the book—to advance understanding of the interface
between information produced by researchers and its use and influence in
critical decision-making and policy-making, all focused on enhancing ICOM
and sustainability of marine ecosystems, economies, and communities—is
timely.
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When scientists add their findings to the mix, they do not put an end to poli-
tics; they add new ingredients to the collective process.

(Latour 1998, p. 208)

3.1 Introduction: Situating the Challenge of Science-
Informed Coastal and Ocean Management

Sustainable governance of coastal and marine environments is necessary
given that most of the world’s population lives adjacent to the coast and
many people rely on coastal and ocean resources for their livelihoods

47



48 Effective Coastal and Ocean Management

(Harvey and Caton 2003). Just as importantly, human activities impact on
other species and the processes that sustain them. Available evidence also
demonstrates that coastal and marine environments are not being man-
aged sustainably and that these ecosystems are “amongst the most produc-
tive yet highly threatened systems in the world” (Agardy and Alder 2005,
p- 515).

Sustainably managing such systems is challenging. Coastal and marine
environments are created, sustained, and transformed by diverse and com-
plex biophysical processes occurring over multiple time frames and spatial
scales (Harvey and Caton 2003; Kay and Alder 2005). Further, human man-
agement of coastal and marine environments is administratively complex,
often involving multiple authorities and jurisdictions (Cicin-Sain and Knecht
1998; Sorenson 1997), as well as being subject to diverse viewpoints and val-
ues (Thompson 2007). Berkes and Folke (1998) use the terms social ecologi-
cal systems and complex adaptive systems to describe these mutually dynamic
interactions between human and biophysical processes. In a similar vein,
interactive governance theory (Kooiman 2008) characterizes governance as
involving three interacting subsystems—a governing system, a system to be
governed, and a system of governing interactions (links between the other
two systems)—where governability is complicated by the presence of mul-
tiple wicked problems and varying levels of complexity in each subsystem
(Jentoft and Chuenpadgee 2009, p. 553).

Considerable attention needs to be given to improving the ways in which
the diverse challenges and inputs to coastal and ocean management are
understood, investigated, mediated, and managed (Stepanova 2015). In
some respects, the concept of integrated coastal zone management (ICZM,
see Chapter 1) provides an overall model for responding to such challenges.
Sorenson (1997, p. 9) defines ICZM as

[tlhe integrated planning and management of coastal resources in a man-
ner that is based on the physical, socioeconomic and political intercon-
nections both within, and among, the dynamic coastal systems, which
when aggregated together define a coastal zone.

However, the literature on ICZM provides relatively limited guidance
on the contribution of science and other forms of knowledge in pursing
more integrated management. This is problematic given that scientific evi-
dence is recognized as an important, if inadequate, element of sustain-
able coastal and ocean management. For example, Cahoon and Dumas
(2011, p. 224) argue that “the role of science will be critical in informing
the coastal policy process and supporting and defending better policy
choices.” McFadden (2007) laments “the case of disappearing science in
coastal management.” In making this assessment, she argues that coastal
zone management has come to focus on the mediation of stakeholder
conflict, with the consequence that “ICZM is becoming divorced from



Exploring the Role of Science in Coastal and Ocean Management: A Review 49

progress on the scientific underpinning of integrated coastal manage-
ment” (McFadden 2007, p. 435). For McFadden, the implications of this
are that “due to an absence of knowledge on integrated coastal behaviour,
stakeholders may be making decisions now that are damaging the system
in the long term” (McFadden 2007, p. 438). And yet Hulme, writing about
the need to embrace other ways of understanding the challenges associ-
ated with climate change, states:

The contemporary political orthodoxy is that investment in science, tech-
nology, engineering and maths (the STEM disciplines) provides the most
assured basis for securing future economic vibrancy, social well-being
and environmental protection. Yet the STEM disciplines by themselves
carry a hubris that they seemingly cannot shake off. On their own they
are inadequate for tackling “wicked” problems such as climate change.
(Hulme 2001, p. 178)

Arguably, such an assessment is equally applicable in coastal and marine
settings. For example, Nursey-Bray et al. (2014, p. 107) raise related, and
potentially broader, concerns in arguing that the “arbitrary separation [of
coastal knowledge] into a binary discursive landscape mitigates against sci-
ence—policy integration in practice.” They say that

to better understand how to build scientific research outputs into policy,
decision-makers and researchers need to understand how knowledge
works in practice, overcome [the] dichotomous construction of knowl-
edge and, specifically, reconstruct or transition the notion of “science as
knowledge” into “all knowledge types” into policy. (Nursey-Bray et al.
2014, p. 107)

In addition, it can be argued that some forms of scientific knowledge
have had too great an impact on decision-making, with neoliberal (Harvey
2005) ideas recognized as having shaped environmental policy and gover-
nance (Coffey and Marston 2013; Heynen and Robbins 2005; McCarthy and
Prudham 2004). For example, Prudham (2004) highlights the contribution of
neoliberal regulatory regimes to the contamination of the municipal water
supply in Walkerton, Ontario, which resulted in the deaths of seven people.

Given the importance of the issues at stake, this chapter considers the role
of science in coastal and ocean management decision-making. We make the
case that the role of science in coastal and ocean management is more complex
than is often appreciated and that science is necessary, but inadequate on its
own, for sustainable coastal and ocean management. To explore these issues,
we first explore what is meant by “science” and “decision-making” as a way
of introducing some of the complexity associated with coastal and ocean
management. We then introduce the concept of knowledge systems as a way of
characterizing the relationship between science and other forms of knowl-
edge in decision-making. Finally, we consider how better understanding the
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operating environment, within which science takes place, can contribute to
the development of more productive, science—policy interfaces.

3.2 Unpacking Science and Decision-Making

The terms science and decision-making are seemingly straightforward and
uncontroversial. Providing unambiguous definitions of such terms turns
out, however, to be no easy task. It quickly becomes clear that the terms, and
the activities and practices to which they refer, are complex and nuanced.

3.2.1 Unpacking Science

Rather than attempting to provide a definitive definition of science, exam-
ples drawn from three aspects of science, namely, its philosophy, types, and
the purposes to which it can be oriented, are used to provide ways of under-
standing the complexity and diversity of science.

It is useful to start with the question posed by What Is This Thing Called
Science? (Chalmers 2010). Chalmers’ informative exploration of the history
and philosophy of the physical sciences introduces and assesses different
philosophies of science that have been advocated at different points in time,
and which often continue to be advocated under different circumstances.
For example, Chalmers discusses the problems and limitations associated
with relying on uncritical observations (science as the knowledge derived
from the facts of experience), experimentation, induction, deduction, falsi-
fication, and paradigms. Based on this analysis, he concludes that “there is
no general account of science and scientific method to be had that applies
to all sciences at all historical stages in their development” (Chalmers 2010,
p- 247). Put simply, it is not possible to provide an unambiguous definition
of science. Further, while rejecting Feyerabend’s post-structurally inspired
definition of science, Chalmers nonetheless accepts some of the challeng-
ing insights raised by Feyerabend’s (1975) analysis. Chalmers claims that
Feyerabend argues that as “matter([s] of historical fact, classic instances of
scientific progress in science do not conform to the theories of science which
they are taken to exemplify” (Chalmers 2010, p. 150). Broadly speaking,
Feyerabend’s approach to the history and philosophy of science focuses on
truth as historically specific rather than objective and timeless.

The second way in which science is more complex than appreciated is in
the differences that are apparent between the physical and social sciences.
Firstly, they are qualitatively different undertakings (Flyvberg 2001), with
the knowledge produced from the disciplines of history, politics, sociology,
and anthropology being different to that produced by chemistry, physics,
and mathematics. Secondly, Smith argues that
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the social sciences have a crucial role to play in ocean and coastal man-
agement: through their direct academic contribution; through profes-
sional practice within management organisations; and in promoting
integrated decision-making at different levels ranging from simple com-
munication among individuals and organisations to full structural inte-
gration of organisations. (Smith 2002, p. 581)

Finally, as clearly demonstrated by Funtowicz and Ravetz (1993), particu-
lar kinds of scientific research are appropriate for answering certain types
of questions in some situations, but not others. For example, in discussing
the emergence of post-normal science, Funtowicz and Ravetz (1993) distin-
guish between applied science (where there is technical uncertainty and low
decision stakes), professional consultancy (where there is methodological
uncertainty and moderate decision stakes), and post-normal science (where
there is uncertainty and high decision stakes). When the decision stakes are
high and system uncertainty is great, it is less likely that applied science or
technical consultancy will prove useful. Instead, research that draws on wide
participation, local knowledge, and recognition of values is more likely to be
effective. With regard to integrated coastal zone management, Cummins and
McKenna (2010) argue that sustainability science is needed. They propose six
principles to guide the implementation of sustainability science in coastal set-
tings: (1) resolve sustainable development issues by a problem-driven agenda;
(2) coproduce knowledge in collaboration with stakeholder groups; (3) imple-
ment an interdisciplinary approach; (4) address earth system complexity; (5)
focus communication and research activities at the local level; and (6) provide
a process of social learning rather than providing definitive answers.

Different types of science can also be distinguished in terms of their orien-
tations to decision-making. For example, in policy studies, distinctions have
been made between the analysis of policy and analysis for policy (Hogwood
and Gunn 1984, Table 3.1). Notwithstanding that such a view imposes an
“either or” view of the purpose of different kinds of policy research, it none-
theless provides a sense of the orientations that research can take in relation
to decision-making. It is possible to conduct research about policy while at
the same time hoping that it also informs policy.

3.2.2 Unpacking Decision-Making

Decision-making also turns out to be more complex than might be imagined
in the frequently expressed statement that “science should inform decision-
making.” In analyzing this statement, it is useful to focus on what is meant by
“utilization” and what is meant by “decision-making”. In two classic papers,
Carol Weiss (1979; 1980) provides useful insights into these two areas and
the notion of the stages model of the policy process. Three key points emerge
from her analysis: research may be utilized in many ways, what constitutes
a “decision” is far from clear, and research may be more or less useful at
different parts of the policy process.



52 Effective Coastal and Ocean Management

TABLE 3.1

Different Kinds of Policy Analysis

Analysis of Policy

Studies of policy content Studies describing and explaining the genesis and
development of policies

Studies of policy outputs Studies explaining why levels of expenditure or service
provision vary over time

Studies of policy process Studies focusing on how policy decisions are made and how
policies are shaped in action

Analysis for Policy

Evaluation Studies focusing on the impact that policies have

Information for policy-making  Studies that marshal data in order to assist policy makers to
reach decisions

Process advocacy Studies seeking to improve the nature of policy-making
systems through reallocation of functions and tasks

Policy advocacy Studies where analysts promote specific options and ideas

Source: Data from Hogwood, B. and L. Gunn. 1984. Policy Analysis for the Real World. Oxford:
Oxford University.

Weiss considers that if research utilization is to be encouraged, “it is essen-
tial to understand what ‘using research’ actually means” (Weiss 1979, p. 426).
While Weiss is concerned with social science, her insights are broadly rel-
evant across both the physical (i.e., natural) and social sciences, and arguably
other bodies of knowledge. She identifies seven meanings of research utiliza-
tion (summarized in Table 3.2). In terms of what constitutes a “decision” it
is difficult to overlook Weiss’ (1980) article “Knowledge Creep and Decision
Accretion,” where the title makes the point that knowledge is not often
used in any direct and instrumental fashion to make a decision. Further, for
Weiss (1980, p. 381), “many policy actions, even those of fateful order, are not
‘decided’ in brisk and clear cut style.” Instead, Weiss (1980, p. 399) argues that
three conditions make it difficult to pin down “decisions”—namely,

1. The dispersal of responsibility over many offices and the participa-
tion of many actors in decision-making [means that] no one indi-
vidual feels that he or she has a major say

2. The division of authority among federal, state, and local levels in
federal systems

3. The series of gradual and amorphous steps through which many
decisions take shape.

Decision-making can also be viewed as a process, as is assumed within the
stages model of the policy process (Howlett and Ramesh 2003; Althaus et al.
2012). In this approach, policy-making occurs within a relatively rational
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TABLE 3.2

Types of Research Utilization

Type of
Utilization

Explanation

Research-driven
model

Problem-solving
model

Interactive model

Political model

Tactical model

Enlightenment
model

Research as part of
the intellectual
enterprise of
society

This model is based on the assumed sequence of events: basic research
informs applied research, which informs development, which then
finds application. For Weiss, this model is based on “the notion that
basic research discloses some opportunity that may have relevance for
public policy: applied research is conducted to define and test the
finding of basic research for practical action: if all goes well,
appropriate technologies are developed to implement the findings,
whereupon application occurs” (p. 427).

This model assumes the direct application of results of a specific [social
science] study to a pending decision and that “a problem exists and a
decision has to be made” and “research provides the missing
knowledge” (p. 427).

Weiss sees two variations to this model: (1) policy makers search for
information from pre-existing research; and, (2) policy makers engage
scientists to fill an existing knowledge gap.

In this model the sequence of events is: definition of pending
decision > identification of missing knowledge > acquisition of social
science research > interpretation of the research for the decision
context > policy choice (p. 428).

This model assumes that those engaged in developing policy seek
information from a variety of sources—administrators, practitioners,
politicians, planners, journalists, clients, interest groups, aides,
friends, and social scientists. The process is not one of linear order
from research to decision but a disorderly set of interconnections and
back-and-forthness that defies neat diagrams (p. 428).

This model is where “the constellation of interests around a policy
issue predetermines the positions that decision makers take,” such
that research “becomes ammunition for the side that finds its
conclusions congenial and supportive. Partisans flourish the evidence
in an attempt to neutralize opponents, convince waverers, and bolster
supporters” (p. 429).

This model assumes occasions where research is used for purposes that
have little relation to the substance of the research. In these
circumstances, research findings are not invoked, but the sheer fact
that research is being done, is i.e., the fact that research has been
commissioned, shows that the issue is taken seriously.

Under this model research utilization is not based on the findings of a
single study nor even of a body of related studies that directly affect
policy. Rather, the concepts and theoretical perspectives that social
science research has engendered permeates the policy-making process
(p. 429).

This model assumes that like policy, social science research responds to
the currents of thought, the fads, and fancies, of the period. Social
science and policy interact, influence each other and are influenced by
the larger fashions of social thought (p. 430).

Source:

Data from Weiss, C. 1979. Public Administration Review 39: 426—431.
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TABLE 3.3

Five Stages of the Policy Cycle and Their Relationship to Applied Problem Solving
Steps in Applied

Problem Solving Stages in the Policy Cycle

Problem recognition Agenda-setting:
The process by which problems come to the attention of
governments
Proposal of solution Policy formulation:
How policy options are formulated within government
Choice of solution Decision-making:
The process by which governments adopt a particular course of
action or non-action
Putting solution into ~ Policy implementation:
effect How governments put policies into effect
Monitoring results Policy evaluation:
Processes by which the results of policies are monitored and assessed

Source: Data from Howlett, M. and M. Ramesh. 2003. Studying Public Policy: Policy Cycles and
Policy Subsystems. Oxford: Oxford University Press.

cycle of decision-making, comprising separate but interrelated steps, which
broadly align with generic problem-solving criteria, as summarized in
Table 3.3 (Howlett and Ramesh 2003).

A modified version of this approach is the eight-stage policy cycle model
presented by Althaus et al. (2012): (1) identification of issue; (2) analysis of
policy; (3) consideration of policy instruments; (4) consultation with external
stakeholders; (5) coordination across government agencies; (6) decision-mak-
ing by elected officials; (7) implementation of the decision; and, subsequently,
(8) evaluation of the effects of the decision implemented.

While such models have been thoroughly critiqued (e.g., Colebatch 2002;
Bacchi 2009), they nonetheless provide a sense of how research may be more
or less relevant at different points in the policy process. For example, research
may identify a new problem, which then comes to the attention of the gov-
ernment. Or research may inform the government about the strengths and
weaknesses of a particular potential solution, for example, its technical or
economic strengths and weaknesses. Research might also inform the evalu-
ation of a particular policy or program.

Finally, it is useful to mention the importance of recognizing the poten-
tial mismatch between the supply of, and demand for, science (Sarewitz
and Pielke 2007). In this context, Sarewitz and Pielke (2007, p. 5) argue that
“’better” science portfolios ... would be achieved if science policy deci-
sions reflected knowledge about the supply of science, the demand for sci-
ence, and the relationship between the two.” To this end, they develop a
matrix for reconciling supply and demand, which is based on responses
to two questions: Is relevant information produced? Can users benefit
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from the research? Based on this matrix, science policy relations can be
characterized as reflecting one of four scenarios: inappropriate research
agenda; research agenda and user needs poorly matched (and potentially
disenfranchised users); unsophisticated or marginalized users or other
constraints that are obstacles to information use; and empowered users
taking advantage of well-deployed research capabilities (Sarewitz and
Pielke 2007, p. 12).

3.3 From Linear Knowledge Transfer to Dynamic and
Interactive Ecologies of Knowledge Exchange

Having provided insights into the complexities of science and decision-
making, we now turn to conceptualizing the relationship between sci-
ence and decision-making by discussing three general models: the linear
model, a cyclical process, and a dynamic multidirectional process (Ward
et al. 2009).

3.3.1 The Linear and Cyclical Models

The linear model is effectively the default position for conceptualizing
the relationship between science and decision-making and is so pervasive
as to be taken for granted. It is also known by the following names: the
deficit model (Rayner 2004), the traditional knowledge system (Roling and
Jiggins 1998), science first (Kelsey 2003), and the loading dock approach
(Cash et al. 2006). The core features of this model are its focus on the step-
wise progression between identifiable beginning and end points (Ward
etal. 2009) and an overwhelmingly linear and unidirectional orienta-
tion, whereby knowledge is viewed as generated by researchers and then
transferred to others. Put simply, the model focuses on knowledge trans-
fer and roughly assumes the following sequence: basic research > applied
research > development > application (Weiss 1979). This model assumes
that science is the major source of new ideas and technologies (Roling
1992).

For Kelsey (2003), the implications of this model are that it assumes a
hierarchical relationship in which scientific knowledge, in particular the
knowledge of the physical sciences, is elevated above other forms of knowl-
edge. Further, under this assumption, the public is expected to respond to
environmental problems, initially and accurately described by scientists,
with solutions informed by science, negotiated by politicians, and enacted
through various means of persuasion and regulation. Three variations of
this model have been identified: (1) science is needed because the media and
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public oppose something and they do not have the appropriate scientific
knowledge necessary to assess the benefits and risks involved (people need
more facts); (2) there is a lack of public understanding of the processes of
science (people need to understand the processes of science); and (3) there
is a deficit of public trust (peoples’ trust in science needs to be developed)
(Rayner 2004).

Kelsey (2003, p. 2) sees problems with this model in privileging expert
information as it “marginalises public knowledge” and “restricts the ability
of the public to participate,” which can “undermine the public’s own belief
in the value of their knowledge and participation.” Instead, Kelsey advo-
cates for “a willingness to adopt decision-making processes, timelines and
organisational structures that reflect the different values on which alterna-
tive knowledge systems are based” (Kelsey 2003, p. 4). She also highlights
the importance of recognizing that “knowledge is not transferred directly
from one knower to another, but [instead] is actively built up by the learner”
(Kelsey 2003, p. 9). Relatedly, for Roling (1992, p. 3), the key weaknesses of
the linear model are that “it implies that there is a science-based fix for all
societal problems: a promise that inhibits the search for other survival strat-
egies” and that there are “strong incentives and political dynamics [which]
keep it alive.”

Ward et al. (2009, p. 6) also identify a cyclical model of knowledge transfer,
which we consider a variation of the linear model in that “the individual com-
ponents ... are linked via a stepwise progression, but the process is depicted
as interactive and ongoing.” It differs from the linear model since there is no
stopping point—evaluation leads to the identification of new problems, and
so the process starts again. While clearly not as optimistic about science’s
capacity to provide silver bullet solutions, the model nonetheless emphasizes
the centrality of science in decision-making. In broad terms, these models
align with the policy—cycle model discussed in the previous section, as they
involve linear stepwise approaches to problem solving.

3.3.2 The Dynamic, Interactive, and Multidirectional Model

The relationship between science and decision-making can also be con-
ceptualized as “a dynamic, interactive and multidirectional process which
involves many actors and activities” (Ward et al. 2009, p. 6). Support for
such a view is evident in the argument by Raymond et al. (2010, p. 1766)
that “to manage the scope, complexity and uncertainty of global environ-
mental problems, it is important to take account of different types and
sources of knowledge.” This model is frequently labeled knowledge systems
(Roling 1992; Cash et al. 2003; Coffey and O’Toole 2012) or knowledge-action
systems (Cash and Buizer 2005; Weichselgartner and Kasperson 2010; Van
Kerkoff and Lebel 2006), and represents a major reconceptualization of the
relationship between science and decision-making. For Roling and Jiggins
(1998), knowledge systems are mental constructs encompassing relatively
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stable networks of actors and coherent sets of cognitions, cosmologies,
and practices, comprising seven elements—namely, an epistemology, ecol-
ogy (belief about the way in which people interact with their biophysical
environment), a set of practices (for managing agro-ecosystems), ways
of learning (about agro-ecosystems), ways of facilitating and supporting
such learning, supportive institutional frameworks and actor networks,
and a conducive policy context. They argue that, taken together, these ele-
ments occur in unique, internally coherent combinations, which help to
determine a particular type of knowledge system. Interest in this model
is evident in diverse areas, including agricultural extension (Roling 1985;
1992), natural resource management (Campbell 2006; Ojha et al. 2008), sus-
tainable development (Cash et al. 2003), biodiversity management (Kelsey
2003), public health (Van Kerkoff and Szlezak 2006), indigenous knowledge
(Verran 1998; Mauro and Hardison 2000; King 2004; Houde 2007), business
(Tsoukas and Mylonopolous 2004), innovation (Howells and Roberts 2000),
knowledge management in firms (Lee and Van den Steen 2010), and infor-
mation technology (Stefik 1995).

Coffey and O'Toole (2012) identify three ways in which knowledge sys-
tems have been investigated:

1. The nature and characteristics of particular knowledge systems are
explored. For example, studies of traditional ecological knowledge
(Kelsey 2003; Houde 2007).

2. Competing knowledge systems are compared and contrasted. For
example, Roling and Jiggins (1998) contrast a traditional approach
to agricultural extension (which is effectively the linear model dis-
cussed previously) with a “soft system” oriented approach, which
they label “the ecological knowledge system.”

3. Studies focus on the interactions between multiple knowledge sys-
tems (Erickson and Woodley 2005; Ojha et al. 2008). For example,
Ojha and colleagues (2008, p. 3) identify “at least four different but
overlapping systems of knowledge operating within the natural
resource management sector in Nepal,” which they consider have
consolidated around techno-bureaucratic organizations, develop-
ment agencies, politicians, and civil society. They argue that “in the
processes of political interaction and deliberation over issues of nat-
ural resource governance, we see that these four systems of knowl-
edge underpin the constitution of the four categories of social and
political agents” (Ojha et al. 2008, p. 3).

Given that marine and coastal management involves multiple knowledge
systems, this model is viewed as being particularly useful for conceptu-
alizing the relationship between science and decision-making. The merits
of such an approach are illustrated by Erickson and Woodley (2005), who
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outlined the benefits of using multiple knowledge systems (such as scien-
tific, indigenous, traditional ecological, local, and practitioner knowledge)
in the development of the Millennium Ecosystem Assessment (MEA). These
benefits include the value of the insights provided from such knowledge
systems, the value of using participation as a means for empowering local
resource users, and the value of using multiple types of knowledge for
improving the relevance, credibility, and legitimacy of the results gener-
ated. Put simply, recognizing multiple knowledge systems provides a richer
understanding of the complex dynamics involved in marine and coastal
management. However, the MEA was less helpful in suggesting practical
mechanisms or processes for integrating multiple knowledge systems in
ecosystem assessment.

Raymond et al. (2010) explicitly engage with the challenge of integrating
different forms of knowledge. They discuss the ontological, epistemologi-
cal, and applied challenges associated with integrating different types of
knowledge and provide a framework to assist with considering and address-
ing these challenges. They carefully point out, though, that “there is no
single optimum approach for integrating local and scientific knowledge
and encourage a shift in science from the development of knowledge inte-
gration products to the development of knowledge integration processes”
(Raymond et al. 2010, p. 1775). While acknowledging the value of the work
of Raymond et al. (2010), Coffey and O"Toole (2012, p. 321) consider that the
focus of Raymond et al. on projects, and their view of problems as “iden-
tifiable,” constrains the focus and types of issues that can be explored.
Instead, Coffey and O'Toole (2012, p. 321) argue that “achieving integration
of different knowledge systems is likely to represent a considerable, if not
insurmountable, challenge,” such that “it remains necessary to focus on the
interactions between different knowledge systems.” This reflects a stronger
focus on political mediation and negotiation, rather than any inherent reso-
lution of the differences between knowledge systems. Further, it also situates
science within the mix, rather than outside it.

As is evident from the preceding discussion, there is value in conceptu-
alizing coastal knowledge relations in ways that are dynamic and multi-
directional and recognizing the roles played by different stakeholders. In
place of a linear and unidirectional transfer of knowledge from research-
ers to extension officers to clients, coastal knowledge relations need to
be conceptualized as dynamic exchanges, whereby participants may be
involved in knowledge generation, dissemination, and use, and different
forms of knowledge are given due recognition. Thus it is useful to consider
coastal management and knowledge relations as encompassing dynamic
networks of multiple (intersecting) knowledge subsystems (each of which
reflects diverse sets of values, worldviews, and practices) and which are
advocated to varying degrees by different individuals and organizations.
Clearly, such an approach is warranted given the challenges of implement-
ing ICZM.
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3.3.3 Myths and Models

When contrasting different conceptualizations of the relationship between sci-
ence and decision-making, it is instructive to emphasize that the linear model
informs people in fundamental ways, such that they may not be aware that
they are embracing it. It is, therefore, useful to draw attention to some of the
myths that inform science-policy relations, and also to highlight the different
ways that people may respond to receiving scientific and other information.
As part of efforts to expand science policy debates in Australia, Harris
and Meyer (2011, p. 9) outline various science policy myths that they see as
retaining “disproportionate cultural power,” despite having been “repeat-
edly discredited in recent decades.” These myths and models of integrating

science into policy are summarized in Table 3.4.

TABLE 3.4

Science Policy Myths

Name of Myth

Myth

Reality

Infinite benefit

Serendipity

Authoritativeness

Accountability

Linear model of
science into
society [

Linear model of
science into
society II

More science and
technology will
necessarily lead to more
public good. Any new
knowledge is helpful.

Because the benefits of
science are unpredictable,
we should not attempt to
steer science in a
particular direction.

Scientific information
provides an objective basis
for resolving political
disputes.

Metrics of scientific quality
(e.g., peer review, journal
citations) are sufficient
indication of worthwhile
investments.

Basic research > applied
research > development >
social benefit

Science > reduced
uncertainty > better policy

Benefit is not a forgone conclusion.
Science and technology may be useful,
even harmful.

Serendipity is an important part of
research, but this does not prevent us
from making well-reasoned choices
about the kind of investments,
institutions, and scientific practice
likely to yield useful knowledge and
technologies.

Science may inform policy and politics,
but such disputes are based on values.
Conflict based on values is unlikely to
be resolved through science.

Policy makers (and scientists) justify
research investment based on the
promise of social benefits, thus taking
on responsibility beyond scientific
quality.

Benefit is not guaranteed.
Interconnections and dynamics among
basic, applied, and development are
complex and nonlinear.

More science may increase uncertainty.
Policy progress will not necessarily
result from improved understanding,
or additional data alone.

Source: Data from Harris, P. and R. Meyer. 2011. Science policy: Beyond budgets and break-
throughs. Discussion paper on enhancing Australian government science policy.
Canberra: HC Coombs Policy Forum, Australian National University.
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Policy actors also differ in how they respond to issues, as evidenced by the
literature on cultural grid-group theory (Hoppe 2011; Thompson et al. 1990;
Thompson 1997) and social functional psychology (Tetlock 2002). Not only do
different policy actors view the world in different ways, but how they respond
to the same stimulus varies. Put simply, people vary in how they respond to
issues: some will seek to develop a collective response, others may adopt an
individualistic response. Under cultural grid-group theory, four different cul-
tural dispositions are inferred: fatalists, hierarchists, individualists, and egali-
tarians (Thompson 1997). A consequence of these different cultural orientations
is that efforts to characterize a problem in a particular way may be self-defeating.
The more effort that is taken to persuade particular stakeholders that a problem
should be viewed in a particular way, the less likely it is that they will embrace
that problem’s characterization. This effect can be illustrated through the exam-
ple of contrasting conversational styles, whereby “the behaviours of one social
actor drive another into increasingly exaggerated expressions of incongruent
behaviour in a mutually aggravating spiral” (Tannen 2005, p. 31). Relatedly,
social functional psychology identifies five styles (Table 3.5) that people may
draw on in responding to particular information (Alexander et al. 2012; Tetlock
2002). These styles illustrate that stakeholders think differently and may not
respond to particular problem definitions in the way others would like.

TABLE 3.5

Social Functionalist Decision-Making Styles

Decision-Making Style Explanation

Intuitive scientists Driven by epistemic goals and the need to discover causal

relationships in the pursuit of truth

Intuitive economists Driven by goals of maximizing the benefits of resource use for
themselves and/or the community, and hold a utilitarian ethic,
where rational human decision-making is conceived as the result
of comparing costs and benefits

Intuitive politicians Attempt to cope with accountability demands from key
constituencies in their lives, and need to establish, or preserve, a
desired social identity and possess a reasonably reliable mental
compass for navigating the self through role-rule structures

Intuitive prosecutors Seek to enforce social norms, by directing accountability demands
on those tempted to derive the benefits of collective
interdependence without contributing their fair share or without
respecting the role-rule regime

Intuitive theologians Try to protect sacred values from secular encroachments, and have
a need to believe that the prevailing accountability and social
control regime is not arbitrary, but rather flows naturally from an
authority that transcends accidents of history or whims of
dominant groups

Source: Data from Alexander, K. et al. 2012. Journal of Environmental Planning and Management
55: 409-433; Tetlock, P., 2002. Psychological Review 109: 451-471.
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3.4 Understanding Operating Environments and
Knowledge-Governance Interfaces

So far in this chapter, we have highlighted the complexity of science and
decision-making and argued that it is desirable to conceptualize the relation-
ship between science and decision-making as dynamic and interactive. We
now turn to exploring how these dynamic interactions play out in particu-
lar circumstances. We begin with the obvious point that coastal and marine
environments are subject to multiple threats (Agardy and Alder 2005; Beeton
etal. 2006; Commissioner for Environmental Sustainability 2008). These
threats include, but are not limited to, flooding (McFadden et al. 2009), sea-
level rise (Abel et al. 2011), estuary management (Hoare 2002), overharvest-
ing of fish stocks and fisheries management (Hill et al. 2010; Ebbin 2011),
and marine conservation and protected area planning (Osmond et al. 2010;
Ritchie and Ellis 2010; Gray and Campbell 2008).

For Jentoft and Chuenpadgee (2009, p. 553), fisheries and coastal issues can
be characterized as wicked which they argue affects their governability and
leads them to conclude that there are limitations to how rational and effec-
tive fisheries and coastal governance can be. In characterizing fisheries and
coastal issues in this way, they draw on Rittel and Webber’s (1973) concept
of wicked problems, which provides a powerful critique of rational, tech-
nocratic approaches to policy research and analysis. For Rittel and Webber
(1973, pp. 161-166), ten properties distinguish wicked problems from tame
problems (Box 3.1).

Rittel and Webber claim that “the search for scientific bases for confront-
ing problems of social policy is bound to fail, because of the nature of these
problems” (Rittel and Webber 1973, p. 155) and argue that

The kinds of problems that planners deal with—societal problems—
are inherently different from the problems that scientists and perhaps
some classes of engineers deal with. Planning problems are inherently
wicked. (Rittel and Webber 1973, p. 160)

and

As distinguished from problems in the natural sciences, which are
definable and separable and may have solutions that are findable, the
problems of governmental planning—and especially those of social or
policy planning—are ill-defined; and they rely on elusive political judge-
ment for resolution. (Rittel and Webber 1973, p. 160)

Within this context, Stocker et al. (2012, p. 44) suggest that tackling coastal
and marine oriented wicked problems requires



62 Effective Coastal and Ocean Management

BOX 3.1 THE TEN PROPERTIES OF WICKED PROBLEMS

1. There is no definitive formulation of a wicked problem.
2. Wicked problems have no stopping rule.

3. Solutions to wicked problems are not true-or-false, but
good-or-bad.

4. There is no immediate and no ultimate test of a solution to a
wicked problem.

5. Every solution to a wicked problem is a “one-shot operation”:
because there is no opportunity to learn by trial and error;
every attempt counts significantly.

6. Wicked problems do not have an enumerable (or exhaustively
describable) set of potential solutions, nor is there a well-
described set of permissible operations that may be incorpo-
rated into the plan.

7. Every wicked problem is essentially unique.

8. Every wicked problem can be considered to be a symptom of
another problem.

9. The existence of a discrepancy representing a wicked problem
can be explained in numerous ways. The choice of explanation
determines the nature of the problem’s resolution.

10. The planner has no right to be wrong.

Source: Data from Rittel, H. and M. Webber. 1973. Policy Sciences 4: 155-169.

* Accommodating multiple alternative perspectives rather than pre-
scribing single solutions

¢ Functioning through group interaction and iteration rather than
back office calculations

* Generating ownership of the problem formulation through stake-
holder participation and transparency

* Facilitating a graphical (visual) representation of the problem space
for the systematic group exploration of a solution space

¢ Focusing on the relationships between discrete alternatives rather
than continuous variables

¢ Concentrating on possibility rather than probability

The significance of Rittel and Webber’s contribution is demonstrated by
Head’s (2008, p. 101) assessment that they provided “the most challenging
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and wide-ranging critique of orthodox planning rationality ... evident at
the time.” However, Rittel and Webber’s contrasting of wicked and tame
problems means only two types of coastal and ocean problems occur. This
provides a constrained view of the kinds of issues that exist. Head’s (2008,
p- 103) disentangling of wicked in terms of low, moderate, and high levels of
complexity, uncertainty, and divergence provides a finer-grained reading of
problems and offers greater insight into what kinds of interventions might
be useful in particular circumstances.

The literature on problem structuring (Hisschemoller and Hoppe
1996; Hoppe 2011) is similarly useful, as it proposes four types of policy
problem: structured, unstructured, moderately structured (goals), and
moderately structured (means). Structured problems are, like Rittel and
Webber’s tame problems, those where “unanimity or near-consensus on
the normative issues at stake” exists as well as considerable certainty
about “the validity and applicability of claims to relevant knowledge”
(Hoppe 2011, p. 72). Unstructured problems are like wicked problems.
Moderately structured problems (ends) are defined as those where there
may be “a great deal of agreement on the norms, principles, ends, and
goals of defining a desirable future state, but simultaneously consider-
able levels of uncertainty about the reliability of knowledge claims about
how to bring it about” (Hoppe 2011, p. 74). Finally, moderately structured
problems (means) are characterized by high levels of agreement on the
relevant and required knowledge, but ongoing dissent over the normative
claims at stake (Hoppe 2011).

Problem structuring highlights that not all problem situations are the
same, which means the types of interventions may need to vary, that is,
there is no one-size-fits-all solution. Further, Hisschemoller et al. (2001,
p. 465, cited in Wesselink and Hoppe 2011, p. 404) argue that “science use
depends on the structure of the problem as constructed by dominant policy
actors at a given moment.” An insightful application of problem structuring
in an ocean and coastal context is provided by Turnhout et al. (2008) who
use it to explore science—policy relations in the Wadden Sea. Their analy-
sis explores the different roles scientists can occupy, and shows how these
may shift from accommodation to advocacy in different situations. Adding
further complexity to the range of problem types, Levin et al. (2010, p. 3)
identify “super wicked problems” as having four additional features that
distinguish them from wicked problems—namely, urgency (time is run-
ning out), the lack of an adequate central authority to address the issue,
that those who cause the problem also seek to create a solution, and the
occurrence of hyperbolic discounting that pushes responses into the future
when immediate actions are required to initiate longer-term policy solu-
tions. Collectively, these approaches provide more nuanced insights into
the nature of ocean and coastal problems and what might be done about
them than does Rittel and Webber’s simple framing of tame and wicked
problems.
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These approaches, however, assume that it is possible to objectively dif-
ferentiate between different types of issues. Drawing on discourse theory
(Hajer 1995; Bacchi 2009), we suggest that it is important to be mindful of
how issues are represented. To this end it is possible to suggest that problem
structuring can be considered in three ways: (1) there are different types of
issues (the four problem structures); (2) different policy actors define issues
differently, for example, a well-structured problem to a scientist may appear
as unstructured to a member of parliament; and (3) it is possible for issues to
move from one category to another, for example, from unstructured to well-
structured or vice versa.

It is clear that great care, and considerable reflexivity, must be exercised
in characterizing particular issues. Leith et al. (2014) explore this view in
developing a diagnostic model for linking science, society, and policy for
sustainability. Drawing on insights from a series of case studies, they argue
that there are “a variety of ways in which interactions between science and
decision-making are consistently structured by recurring characteristics”
(Leith et al. 2014, p. 168). This leads them to focus on the analysis of operat-
ing environments as a means for informing the characterization of prob-
lems and the kinds of responses that might be proposed (Figure 3.1). They
argue that

Issues, stakes and boundary spanning can be considered to constitute
the “operating environment” that affects whether and how sciences can
have an impact on decision-making. An operating environment is an
emergent property of elements as diverse as an advertising campaign,
a well-networked policy entrepreneur, and a storm event that threatens
coastal homes. It is neither deterministic, nor fully tractable to an ana-
lyst. Any analysis of an operating environment will be partial. Among
stakeholders there will be diverse interpretations of operating environ-
ments, and much understanding will be tacit, vaguely articulated, or
contested. (Leith et al. 2014, p. 169)

Through detailed and participatory explorations of specific operating envi-
ronments, it is possible to characterize issues in ways that open up multiple
avenues for boundary spanning (Table 3.6) and avoid proposing silver bullet
solutions. Particular “operating environments” manifest in specific science—
policy (Van Enst etal. 2014), science—policy—practice (Weichselgartner and
Kasperson 2010), knowledge—-governance (Clarke etal. 2013; Bremer and
Glavovic 2013), and knowledge arrangement (Janssen et al. 2014; 2015) inter-
faces. Importantly, for Leith etal. (2014, p. 168), the effectiveness of such
science—policy programs is not achieved through a single means but “through
a combination of ‘design elements” which can be “mutually reinforcing.”

A critical element in improving the impact of science on decision-making
is that proposed information exchange activities are appropriate to the
specific circumstances in which they are to be implemented: cookie cutter
approaches to knowledge transfer and exchange should be avoided. Within
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1. Analyze operating environment

3. Specify interventions

ISSUES Reconsider boundary
design elements

WHAT ARE How might alternative products, processes,
THE ISSUES? \ actors (roles, responsibilities, and

relationships) and institutional elements
affect the operating environment?

BOUNDARY
SPANNING
How do relationships, organizations, objects (e.g.,
report cards) and institutions affect the way the 2. Assess prOblem structure
issue is understood by different stakeholdgrs?
\ Understand problem
structure
STAKES How is the operating
> environment for science
WHAT IS AT STAKE, structured in terms of stake,
FOR WHOM? values, interests, bridging/
boundary spanning, place, and
uncertainties?

FIGURE 3.1
Schematic process for diagnosing and intervening in the operating environment for sciences.
(From Leith et al. 2014. Environmental Science and Policy, 39, 170.)

TABLE 3.6
Key Design Elements of Boundary Spanning

Element and Focus Explanation

Science communication (product ~ Development of boundary objects.

focus)

Informal linkages (relationship Where problems are poorly structured or unstructured,

focus) building informal linkages among key stakeholder
groups can begin to create mutual understanding of
stakes and values across groups, thereby allowing
clearer definition of issues.

Brokering/intermediary (actor The building of capacity within organizations that
focus) manage problems in which science and community

values are both important.

Temporary organization Temporary organizations or projects used to address
(structure/network focus—e.g., complex issues and/or short-term imperatives.
reference groups)

Boundary organization Long-lived, persistent wicked problems, managing
(organization focus) complex conditions, often within multiple

organizations.

Source: Leith, P. et al. 2014. Environmental Science and Policy 39: 162-171.
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this context, O"Toole et al. (2013, pp. 208-209) highlight the importance of
participatory stakeholder engagement and introduce the concept of participa-
tory logic, which they summarize as follows:

¢ Institutionalize the processes that derive from stakeholder copro-
duction and comanagement (not just ways of bringing the public
into technical decisions but significant deliberation over aspects of
the design, which requires some convergence in terms of allocation
of value).

e Enhance the capacity to make meaningful decisions about issues of
importance in an ongoing way thus allowing for the update of sci-
ence input as well as changing social knowledge.

* Include all stakeholders in the process, which is an issue of justice
and equity.

¢ Ensure central policies enable participation by stakeholders at the
local level, the outcomes of which are fed back to central policies and
programs.

¢ Allow and develop pathways for the uptake of diverse knowledge
systems, including building the capacity of all stakeholders to com-
prehend other forms of knowledge.

Informed by Stojanovic et al. (2009), O'Toole et al. (2013, p. 209) argue that
institutionalizing interactive and participatory knowledge exchange is “not
a matter of mere dissemination of knowledge, but rather the development
of platforms where the range of stakeholder knowledge can be deliberated,”
where such platforms can be considered as an intersecting matrix of specific
participatory mechanisms available within a particular situation.

3.5 Conclusion

While the role of science in coastal and ocean decision-making is clearly
complex, it is possible to develop science policy programs that can enhance
the contribution of science to decision-making, and that this can occur in
ways that are respectful of other legitimate forms of knowledge. However,
there is clearly significant room for improvement in the ways in which
these mechanisms can be designed and implemented, as recognized by
Cvitanovic et al. (2015), and Van Enst et al. (2014). For Cvitanovic et al. (2015,
p- 32), such improvements could be gained from the generation of “quan-
titative empirical evidence” in order “to understand how the relationship
between science and decision-making varies amongst locations and under
different conditions.” They also suggest that there is merit in developing
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methods to evaluate knowledge exchange activities and embedding them in
research programs; determining the specific expertise and skills required
by individuals to successfully engage in knowledge exchange; and under-
standing the potential of how new and evolving social media can be used
to enhance knowledge exchange. We consider that while such suggestions
may be useful in some circumstances (i.e., those where there is limited
disagreement), they will be less useful in more complex and contested cir-
cumstances. By contrast, Van Enst et al. (2014, p. 20) identify issues for fur-
ther research that might provide broader insights into marine and coastal
knowledge dynamics—namely,

* What are the processes and strategies through which science—policy
interactions take place and to what extent can they be influenced?

* How are science—policy interfaces enabled and constrained by
social, economic, and political dynamics, and what other contex-
tual factors influence the performance of science—policy interfaces
(SPIs)?

* In what manner can design principles be formulated for science—
policy interfaces in addressing a diverse set of problems in specific
contexts, and in particular, to what extent can science—policy inter-
faces be complementary to each other?

¢ To what extent does an increased level of credibility, legitimacy, and
salience in knowledge, established through the use of SPIs, lead to
enriched decision-making on environmental issues?

We commend these suggestions as potentially fruitful avenues for
investigation, particularly the focus on identifying what design elements
might be of most value for science—policy programs in particular circum-
stances (Leith et al. 2014). We also see merit in learning from “success-
ful” examples of science uptake (Keneley et al. 2013) and in broadening
the scope of science—policy scholarship beyond its focus on the physical
(natural) sciences, to consider the ways in which social science knowledge
informs environmental governance in general, and ocean and coastal
governance in particular. A stronger focus on understanding the contri-
bution of social science knowledge would seem to be particularly useful
given that effective ICZM is as much, if not more, a social challenge as it
is a technical one.

More broadly, we consider that ethnographic and action research into the
cultural and social dynamics operating within particular settings is likely to
be insightful as it takes seriously the discursive dimensions of coastal knowl-
edge exchange (Nursey-Bray et al. 2014). Such an approach shifts the focus
from knowledge exchange to the ecology of knowledge, which broadens the range
of “knowledges” considered and the range of actors recognized as having
a stake in the debates, and focuses attention on the dynamics involved. It
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also highlights that knowledge dynamics always occur in particular cir-
cumstances, such that what works in one place may not work elsewhere.
Consequently, we are mindful that such issues are always political. Perhaps
the biggest gains in coastal and ocean management may be found in more
democratic and transparent governance. Given this, it is pertinent to con-
clude with more wisdom from Latour (1998, p. 209):

To the old slogan of science—the more disconnected a discipline from
society, the better—now resonates a more realistic call for action: The
more connected a scientific discipline, the better.
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4.1 Introduction

More than 60% of the world’s ocean is beyond national jurisdiction.
Governance of that portion of the ocean is necessarily global, as introduced
in Chapter 2 and developed in more detail in this book. Moreover, for many
reasons—some primarily political and some simply pragmatic—choices by
governments for the policies they set and the management options that
they choose are strongly influenced by governance decisions made at the
global scale (Ridgeway 2014). Hence, the interactions of science processes
and scientific information with policy-making at the global scale have
implications not just at the global scale but also at regional, national, and
subnational scales. In this chapter, I will explore how those interactions
play out in the real world, primarily at the global scale, drawing from the
scientific literature, reports of intergovernmental agencies, and personal
experience.

Although a significant portion of my career has been spent as a research
scientist in government and academia, for the past decade a primary duty
has been to serve as science advisor to either Canadian delegations attend-
ing meetings of United Nations (UN) working groups and intergovernmen-
tal organizations (IGOs) or occasionally as a resource expert for the IGOs
themselves. From that perspective, I have been able to experience how the
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science—policy interface actually operates in global governance. In this chap-
ter, I will draw on literature and IGO documents when possible, as well as
experiential knowledge, in my observations and conclusions.

4.2 Characteristics of Global Ocean Governance

At the global level, countries explicitly acknowledged the need for a sound
science foundation for ocean policy in the World Summit on Sustainable
Development (WSSD) Plan of Action, when it called on the UN to “estab-
lish by 2004 a regular process under the United Nations for global report-
ing and assessment of the state of the marine environment, including
socio-economic aspects, both current and foreseeable, building on existing
regional assessments” (UN 2002, para 36b). However, many previous agree-
ments had unquestioned roots in sound science, as summarized in Garcia
et al. (2014a). This does not mean that all available scientific information has
been translated into appropriate ocean policy or that all ocean policy has
firm scientific foundations. To understand where science—policy coherence is
stronger and where it is weaker, it is necessary to consider the special char-
acteristics of global ocean governance from the perspective of how it uses
scientific information.

One of the characteristics of ocean governance with important implica-
tions for the role of scientific information in the science—policy interface is
that governance and management are sectoral. This situation is increas-
ingly criticized as leading to fragmentation of policy-making (Ban et al. 2014;
Druell et al. 2012), but it has been and will continue to be the reality, even
if mechanisms for greater high-level coordination are found. This means
that there are many intergovernmental institutions, each with a mandate for
policy and management of a particular sector such as fishing (e.g., the Food
and Agriculture Organization of the United Nations [FAO], and regional
fishery management organizations and arrangements [RFMO/As]), shipping
(International Maritime Organization [IMO]), seabed mining (International
Seabed Authority—ISA), dumping (London Convention & Protocol), and
pollution (Regional Seas Conventions). Each organization requires science
support for its policies and programs, and each has its own body to provide
such support (Table 4.1).

There may have been a time when it was reasonable for each organization
to get science support from a custom-designed source. Their separate man-
dates meant that they were developing policies and programs to address
different issues. Thus, each organization required a different mix of exper-
tise and could restrict the “relevant data” to the core information needed
for its restricted mandate. The ecosystem approach has rendered that view
less tenable. In a check of the websites of 14 major IGOs with at least partial
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TABLE 4.1

Ilustrative List of IGOs That Require “Official” Science Advice in Order to
Discharge Some Parts of Their Mandates, Including the Type of Group from Which
They Routinely Receive Advice, and the General Operating Procedures of the

Advisory Group
Area of
Organization Activity Type of Group Operations
FAO Fisheries Expert Invited scientific experts matched to
consultation specific meeting terms of reference.
May be supported by contracted
experts. Topics prioritized by
Committee on Fisheries (COFI);
experts invited by the Secretariat.
CBD Biodiversity Expert Invited scientific experts matched to
conservation workshops specific meeting terms of reference.
and ad hoc May be supported by contracted
technical experts. Topics for meetings
expert groups referred by the biannual conference
of parties. Experts nominated by
parties and final selection by the
Secretariat.
ISA Seabed mining  Legal and LTC members elected by member
Technical states for fixed terms; members
Commission advise on scientific and legal issues
(LTC) and referred to them by the Council.
working May be supported by expert
groups working groups or special panels
invited to address specific issues,
with experts nominated by states
and final selection by the Secretariat
IMO Shipping and Maritime Membership appointed by states that
transport Environmental are members of IMO. Responds to
Protection requests for advice from the
Committee Council.
10C Oceanography ~ Mixture of Work and science products usually
and ocean thematic and coordinated by permanent staff
science regional supported by experts and working
science groups with members nominated
programs and by states and selected by IOC.
subcommittees Program of work approved by the
Council.
RFMOs Fisheries Generally have Generally scientific committee made

standing
scientific
committee or
subcommittee;
or use
scientific body
such as ICES

up of members appointed by
member states. Requests for advice
come from the Policy or
Management Council of the
RFMOs. May be supported by ad
hoc working groups created by
Council with memberships
appointed by member states.

(Continued)
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(CONTINUED)
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Ilustrative List of IGOs That Require “Official” Science Advice in Order to
Discharge Some Parts of Their Mandates, Including the Type of Group from Which
They Routinely Receive Advice, and the General Operating Procedures of the

Advisory Group
Area of
Organization Activity Type of Group Operations
Regional Seas Marine Generally have Generally scientific committee made
organizations environmental standing up of members appointed by
quality scientific member states. Requests for advice
committee or come from the Policy or
subcommittee; Management Council of the
or use Regional Seas organizations. May
standing be supported by ad hoc working
scientific body groups created by the Council with
such as ICES memberships appointed by
member states.
UN General Regular Process ~ Group of Group of experts nominated by
Assembly for World experts and states and selected by UN groups of
Ocean teams of countries. Members of teams of
Assessments authors authors nominated by states,
selected by the group of experts
with approval by the UN Ad Hoc
Working Group of the Whole
Bureau.
GESAMP All marine Scientific Steering body of 16 experts who act
science experts in in an independent and individual
many capacity. Studies and assessments
disciplines are usually carried out by dedicated

working groups, with members
nominated by IGOs or states.

Note: For REMOs and Regional Seas organizations, the corresponding row entries are typical
practices. In all cases, there are exceptions to these general procedures, but the generic
scientific culture is described.

ocean mandates, every one of them stated they had adopted the ecosystem
approach as a part of their overarching policy framework. The details of
how the ecosystem approach was defined differed among organizations, but
in all cases it included both taking the state of environmental forces into
account and accepting responsibility for the larger footprint of their sec-
tor on the ocean (Rice et al. 2014b). Now there is substantial overlap in both
the expertise and information needed by agencies with differing mandates.
Inconsistencies in how the same information is interpreted by separate sci-
ence advisory agencies to different organizations undermines the credibility
of the advisory processes of both agencies, as the scientific information may
be viewed as politicized and no longer objective from either perspective.

A direct consequence of IGOs adopting an ecosystem approach is that
there is now a necessary overlap in the science support needed by the
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various organizations. One type of overlap arises because the basic physical
oceanographic drivers of each sector are likely to be similar—for example,
expressions of temperature, salinity, stratification, and currents—even if the
details relevant to the individual sectors are not the same. Another more
subtle but important type of overlap arises from the footprint aspects of the
ecosystem approach, as the footprint of one sector—habitat impacts, pollu-
tion, changes in biotic community composition—may be an important driver
of the inputs to some other sectors.

Superficially, the move to an ecosystem approach might be taken as posi-
tive for the science—policy interface, since it presents obvious opportunities
for coherence of science input to sectoral management. However, the history
of separate science advisory processes for the various sectors casts a long
shadow. Separate scientific subdisciplines have arisen to support different
sectors. Different sectors often prefer different data streams, use different
technical terms, give greatest credence to different analytical methods, and
manage risk from different perspectives. These differences have been well
documented for areas as similar as assessing trends in exploited fish stocks
and in species potentially at risk of extinction (Mace et al. 2014), as have some
of the implications that the differences have for policy-making.

In addition to the methodological and technical language barriers to greater
commonality of science support for the ocean sectors, there is another legacy
of the long history of each governance body having its own science advisory
process—the legacy of trust. This topic will be explored in greater depth
as part of the illustrative case below. However, its influence on the science—
policy interface for global ocean governance cannot be understated. At a
fisheries-biodiversity workshop sponsored by the Convention on Biological
Diversity (CBD) in cooperation with FAQ, a list of possible ways to improve
the consideration of biodiversity in fisheries assessments was developed.
Some participants whose entire careers had been aligned with the fisheries
sector opposed including in the list of options the establishment of a practice
of inviting CBD to provide marine biodiversity experts from its network to
participate in fish stock assessment meetings of RFMOs (CBD 2012). Similar
perspectives have been expressed at biodiversity workshop steering com-
mittees on which I have sat, where committee members may seek academic
fisheries expertise but not if it comes from experts involved in the actual
management of fisheries. The rationale is the same in both cases: there is an
acknowledgment of the need for broad input but a distrust of the reliability
of experts who are closely aligned to the “other” sector.

A second feature of global ocean governance that has important implica-
tions for the use of scientific information is that the more global an organiza-
tion is, the more likely it operates as a consensus body. For regional sectoral
groups such as RFMOs, there may be formal objection procedures (e.g.,
Article XIV, para 2, of the Northwest Atlantic Fisheries Organization (NAFO)
Convention, NAFO 1978), and even for global bodies, countries that cannot
subscribe to a near-consensus can enter a reservation in meeting decisions
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(e.g., table 2 of the Annex to CBD Conference of Parties (COP) Decision
XII/22, CBD 2014). However, such footnotes or objections are usually reg-
istering some point of substantial national interest that may modify how a
conclusion is applied, but do not change the conclusion fundamentally.

Because global governance bodies generally work by consensus, they
will not move faster than the most skeptical states or parties participat-
ing in the meeting. This often tries the patience of science advisors who
are asked to input scientific and technical information to inform the nego-
tiations. From the perspective of the experts’ discipline, the information
may appear clear and relevant to the debate, and they are confident the
methods used to collect, analyze, and interpret the information were sci-
entifically sound. The implications of the scientific input for the parts of
the governance conclusions that should be consistent with sound science
should, therefore, be simple and straightforward, yet consensus may still
require long debates and substantial compromise. As is perhaps best docu-
mented in the debates at the Intergovernmental Panel on Climate Change
(IPCC), in the end the scientists may not recognize the outcome as built on
their inputs (cf. Stavins, 2014) and certainly do not feel full use was made
of the science advice.

Having often been in this situation personally, I can highlight three aspects
of the consensus process that contribute to this perceived underutilization of
the input of scientific information. Firstly, the science community tends to
bound the problem to be addressed in policy with the boundaries of their
scientific discipline. Although this is hard to document from the meeting
floors where negotiations are occurring, journal articles where science is
presented in policy contexts may invoke externalities when developing their
policy conclusions as if the externalities were actually outside the scope of
the problem, and not just outside the scope of the information they use to
find a solution. The bounding can be justified in the world of research, but
the ocean policy agenda is not neatly partitioned into scientific disciplines,
even if management is largely sectoral. The same fisheries policy issue may
be about food security and livelihoods to some countries and economic opti-
mality in others (HLPE 2014). Therefore, different perspectives among coun-
tries on what factors bound the policy question make finding consensus a
slow and often painful process, leaving many science advisors wondering
what value is really given to their inputs.

Secondly, consensus is not some final outcome but a standard that has to
be reached at many steps on the pathway to a final agreed text. The first
consensus is primarily on the soundness of the basic science; it is rarely
reached explicitly at the negotiation sessions, but nevertheless is a consid-
eration in play during the negotiations. Dueling experts at a policy session
are not unknown, but as the earlier referenced debates about species-at-risk
listing for commercially exploited marine species has highlighted, they are
unhelpful. Experienced science advisors endeavor to find ways to resolve
such issues before formal policy negotiations commence.
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The second step in the consensus process is often not acknowledged, despite
its importance. Some formulations of decision theory (e.g., Montgomery
2005) highlighted that when errors do occur, they can be either errors of
omission or of commission; that is, misses or false alarms. In the world of
global ocean policy, these notions of misses and false alarms have close par-
allels. Misses are policies that fail to effectively address issues where practice
has to change if uses are to be sustainable. False alarms are policies that are
overly intrusive, restricting human activities beyond the degree needed to
achieve sustainability. The costs of misses and false alarms are distributed
very differently, with the costs of misses largely borne (in the short term) by
the environment, and the cost of false alarms largely borne by the economic
and social interests (Connor and Cooper 2014, Rice and Legaceé 2007). The
relevance of this decision framework is that different participants in global
governance are very likely to have different risk tolerance profiles for misses
versus false alarms. This difference could be the case whether the policy
interactions are between bodies with primarily conservation mandates and
those with primarily industry-regulation mandates, or between parties
within a governance body where some countries are willing to defer gener-
ating wealth to reduce environmental impacts whereas others are willing to
accept the possibility of greater environmental impact in order to increase
economic or livelihood returns.

Often the scientists producing the input information for a policy dis-
cussion assume that if the data and analyses are accepted as sound, a sci-
ence-based consensus is within sight. This assumption does not allow for
legitimate differences among agencies or parties in risk tolerance for misses
and false alarms. Even if there is consensus on the information and the rela-
tive risks of misses and false alarms, there is no reason to assume there will
be consensus on what balance of misses and false alarms is acceptable (Mace
et al. 2014; Rice and Legace 2007). The negotiations can be long and tension
filled, as the participants seek consensus on policy reflecting an acceptable
balance of those risks. No amount of scientific effort to increase clarity about
the magnitude or nature of the risks can be expected to resolve, on some
objective basis, those underlying differences in the tolerances for misses and
false alarms. Scientists raised in the “knowledge is power” mind-set may
have trouble accepting this limitation on that “power.”

The third aspect of consensus-based decision-making in most global
governance bodies is that the relationship among scientists, formal science
advisory processes, and governments is not a global constant. Related to
that, the boundary between what is scoped within legitimate science and
science advisory activity, and what is scoped as within the domain of policy
makers and outside the legitimate business of science advisors varies much
in parallel. This may be well illustrated by the reports of the UN Ad Hoc
Working Group of the Whole (AHWGW) on the Regular Process for Global
Reporting and Assessment of the State of the Marine Environment, includ-
ing Socio-Economic Aspects (Regular Process). The groundwork for the
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Regular Process was laid in the Assessment of Assessments (UNEP and IOC-
UNESCO 2009). In this report, the global landscape of marine assessments
of ecological, economic, and social aspects of the ocean was reviewed, and
best practices for a fully integrated assessment were presented and justified.

Based on the foundation described above, the Group of Experts appointed
by the UN to conduct the first World Ocean Assessment (WOA) expected
timely approval of both an outline of the assessments and the modalities
under which it would be prepared (UN 2015a). Such was not the case; all
states strongly supported a science-based WOA. However, ideas about what
a science-based assessment would and would not address were far from uni-
versal. The workshop reports highlight the protracted discussions among
states about the parameters within which the WOA would be conducted.
Germane to this chapter, one point of contention among states was the extent
to which the WOA would provide policy advice. At the crucial point in this
discussion a series of progressively more restrictive options were laid out.
All began with the equivalent of “the WOA will assess the status and trends
of the ocean environment and economic and social benefits from uses of the
ocean at global and regional scales.” The options for what else would be
done on these scales can be paraphrased as

1. The WOA will tabulate policies in place, relate the policies to the
trends, and recommend policies that have resulted in improved
ocean status and improved economic and social benefits.

2. The WOA will tabulate policies in place, relate the policies to the
trends, and report their findings.

3. The WOA will tabulate policies in place and merely report the types
of policies currently in place, but not link them to the status and
trends.

4. The WOA will report status and trends (as per above) and “factors”
that may be causing the trends, but will neither selectively tabulate
policies nor explain trends as due in part or in whole to the presence
or absence of specific policies.

Each of the options had support from some states, with regional differences
prominent in the discussion. A portion of the states active in the AHWGW
argued that only Option 4 was appropriate for a science-based assessment,
and anything more would be straying into the domain of policy-making. As
a consensus process, that option was the final guidance given to the Group of
Experts by the AHWGW as the only option that all states agreed was within
the legitimate scope of operation of scientific and technical experts. Any of the
options for more attention to policy tabulation and analysis were beyond the
tolerance of some states, and therefore outside the final consensus.

Some of the differences among countries in the location of the science—
policy boundary might be attributed to differences in science capacity to
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both inform policy development and conduct policy analysis (Anon 2012).
However, some portion of the differences around the global are cultural
and institutional, and as experts work in truly international settings, they
find the boundaries between science and policy that characterize Western
Europe, the United States, Canada, and a few other countries are located dif-
ferently in other regions. These differences have important implications for
both how and how much scientific information can support policy develop-
ment. Easy resolutions to these cultural and governance differences are not
obvious.

A final feature of global ocean policy-making also influences the impact
of scientific and technical information substantially. Global agendas are
becoming increasingly complex and integrative, which has both positive
and negative aspects. On the positive side, the increasing drive to integrate
can contribute to the desired coherence of policies, whether across sectors of
human activities or among the social, economic, and environmental aspects
of policies and decisions. The greater coherence, in turn, is expected to
increase the likelihood that the policies and programs will actually deliver
expected outcomes, or at least move them in the desired direction (Charles
et al. 2014).

On the negative side, it is becoming increasingly difficult to evaluate poli-
cies and plan future pathways based on the scientific and technical informa-
tion that is provided. This difficulty is not solely an issue of social sciences
needing to be integrated with the biological, physical, and chemical sciences,
although such integration is certainly required (Rice et al. 2014b; UNEP and
IOC-UNESCO 2009). Agendas of human rights, equity of distribution of ben-
efits, indigenous peoples, and traditional/experiential knowledge are now
inseparable parts of global governance discussions. At the UN meetings of
the Ad Hoc Open-Ended Informal Working Group to study issues relating to
the conservation and sustainable use of marine biological diversity beyond
areas of national jurisdiction (BBNJ Working Group), access to marine
genetic resources and sharing the benefits from their commercial develop-
ment are dominating much of the discussion (UN 2015b). Scientific infor-
mation on the current commercial products derived from marine genetic
sources, their value in trade, and projections of the potential for development
have informed debate at the BBN] Working Group meetings and discussions
during the negotiation of the Nagoya Protocol for the CBD (CBD 2010). The
policy debate is certainly informed by the scientific reports. However, the
scientific information is not able to resolve the question of whether these
resources are available according to the freedom of the seas or are the com-
mon heritage of (hu)mankind, yet the policy discussion blends these issues
to a significant extent.

This blending of scientific and technical issues with issues of human rights,
gender, equity, and so forth, occurs at the sectoral level as well as the UN
working group level. The FAO work on small-scale fisheries ended up pro-
ducing guidelines that characterized not just such fisheries, their challenges
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and their benefits, but placed the guidance in the context of food security
and poverty eradication, with environmental considerations of small-scale
fisheries receiving little attention (FAO 2014).

It is certainly possible to disentangle the natural sciences, social sciences,
and humanitarian/human values dimensions of these global issues. The
2014 report of the FAO High-Level Panel on meeting food security needs that
addressed the role of marine and freshwater food products very effectively
partitioned the various aspects of the complex issue of food security and the
seas (HLPE 2014). The relevance to the topic of scientific information and
global governance is that the report could not be prepared without dealing
with the full spectrum of issues associated with food security. It is a com-
paratively straightforward scientific challenge to document the nutritional
value of fish to coastal fishing communities. It is more complex when the
policy decision includes, as part of the problem, the rights implied for those
coastal communities, given the nutritional information. The time when nat-
ural science experts could partition off the parts of complex policy issues
informed by natural science, address them, and leave the social science and
human rights issues for other experts in other fora is fading fast. There is
every reason to expect that these issues will become even more intertwined
in the future, with further implications for how scientific and technical infor-
mation will be used in the science—policy interface.

4.3 Case History: Ecologically and Biologically Significant
Areas and Vulnerable Marine Ecosystems

Interest in spatially based approaches to conservation and management of
the world’s marine areas has been growing for at least the past two decades
(Ehler and Douvere 2009). Correspondingly, both nongovernmental organi-
zations (NGOs) with marine conservation interests and IGOs with marine
regulatory or conservation mandates have recognized the value of prioritiz-
ing areas of particular importance for conservation and protection efforts.
The names associated with the priority areas vary with the organization.
However, in all cases the role of scientific information in the prioritization
process is explicitly acknowledged, usually through the identification of cri-
teria to be applied in meetings of scientific experts. Aspects of these pro-
cesses and their outcomes have been described in a number of publications
(Clark et al. 2014; Dunn et al. 2014), but the ways that scientific information
has been used have not been reviewed.

For several reasons, the FAO processes and criteria for identifying vulnera-
ble marine ecosystems (VMEs) and the CBD processes and criteria for describ-
ing areas that meet the criteria for ecologically and biologically significant
areas (EBSAs) are a particularly useful pair of case histories that illustrate
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the effects of many of the contextual issues presented in the preceding part
of this chapter. First, both processes have similar goals—to identify areas of
the ocean where management needs to be more risk averse than whatever
standard is being applied in the larger areas in which the VMEs or EBSAs
are being identified. Second, the same basic scientific and technical informa-
tion was used to develop criteria for both types of areas, and the same infor-
mation is needed in the regional-specific applications. Third, there is even
overlap in the experts who have participated in both developing the criteria
and in their application. With these strong similarities, one would expect
substantial similarity in how VMEs and EBSAs inform management. Such
expectations are only partially realized. To understand the causes of the dif-
ferences in practice, it is necessary to review the origins of the two initiatives.
Their histories are presented in detail in Rice et al. (2014a), but the highlights
relative to this theme can be summarized briefly.

The VME initiative arose from a multiyear debate at the UN level on a
proposal to ban bottom trawling on the high seas. The rationale was that
such fishing gears may cause substantial alteration to the seafloor, and recov-
ery of seabed habitats and benthic communities from such alterations could
take many decades to centuries, if possible at all; some interested groups
referred to bottom trawling as categorically a “destructive fishing practice”
(FAO 2010). More generally, it was also argued that the species exploited in
high seas fisheries were easily depleted and slow to recover (Hutchings and
Kuparinen 2014; Wright 2014), although this was not a reason to selectively
ban one specific fishing method. Counterarguments were that almost every
method of fishing might have detrimental impacts, but the impacts could
be managed and made sustainable if the place, time, and method of bot-
tom trawling were appropriately controlled. The debate culminated in UN
Resolution 61/105, which required states and RFMOs to only allow fish-
ing with bottom-contacting gears if the locations of VMEs within the gen-
eral area being fished were known and those areas were either avoided or
the gear was used in ways that did not cause serious adverse impacts to
such ecosystems. This resolution resulted in the FAO developing Voluntary
Guidelines for the Management of Deep-Sea Fishing on the High Seas (FAO
2009), including criteria for determining what constituted a VME.

The CBD initiative arose from the momentum to identify and designate
marine protected areas (MPAs). The general interest in MPAs received
global policy endorsement at the WSSD, which called for states to “[d]evelop
and facilitate the use of diverse approaches and tools, including ... the
establishment of marine protected areas ... [and] representative networks
by 2012 and time/area closures for the protection of nursery grounds and
periods” (UN 2002, para 32¢). Although many conservation interests picked
up that call, the first UNEP-CBD Ad Hoc Open-Ended Working Group on
Protected Areas produced the request for criteria to inform the selection
of areas to be prioritized for inclusion in MPAs and networks of MPAs
(UNEP 2005).
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Both the FAO and CBD followed the same general science practices of
expert workshops, followed by a technical meeting of parties, each with a
mandate to conduct quality assurance of the scientific workshop products
and organize the results for policy action, and the adoption at a policy forum
for parties (Table 4.2a). Not surprisingly for science-based processes, the
criteria for describing areas that may be EBSAs or VMEs have initial simi-
larities (Table 4.2b). However, the contextual considerations had already

TABLE 4.2
Scientific Information Pathways and Criteria for VMEs and EBSAs

a: Pathways of Scientific Information to Policy Outcomes in FAO and CBD Processes

Action CBD FAO
Charge to undertake a project ~ Conference of Parties Committee on Fisheries
Assembly of input Notice of project and call for Notice of project and call
information input to parties, IGOs, and for input to parties, IGOs,
NGOs and NGOs
Summarize and interpret Expert workshops by Expert by invitation;
science invitation from national nominations in only some
nominations cases
Interpretation of science Secretariat Secretariat
products for policy
consideration
Quality assurance and Subsidiary body for scientific, ~ Technical consultation with
adaptation of products for technical, and technological participation by all
policy consideration information with interested states and
participation by all interested observers
parties and observers
Policy negotiations and Conference of Parties Committee on Fisheries
adoption

b: Criteria for VMEs and EBSAs

FAO—VME CBD—EBSA

Uniqueness or rarity Uniqueness or rarity

Functional significance of the habitat Special importance for life-history stages of
species

Life-history traits of component species that
make recovery difficult®
Importance for threatened, endangered, or
declining species and/or habitats?

Fragility Vulnerability, fragility, sensitivity, or slow
recovery
Structural complexity Biological productivity

Biological diversity
Naturalness

* The VME criterion applies to a specific type of species but not their habitats, whereas the
EBSA criterion applies to a class of habitats for species that have been selected based on other
criteria.



Science Information and Global Ocean Governance 87

influenced the products and processes in several ways that had important
consequences.

The differences in the wording of the criteria reflect directly the tolerances
of the organizations for misses versus false alarms in describing areas in
need of more risk adverse management. There are fewer VME criteria than
EBSA criteria, and the VME criteria are more generic. There is as little over-
lap as possible among their coverage, although features such as structural
complexity and functional significance will often coincide. The EBSA criteria
have much more overlap, with productivity and diversity crossing nearly
completely with the other criteria when applied. At the stages of the scien-
tific workshops, great similarity was present in the types of areas identi-
fied as needing to be covered by criteria. At each subsequent stage, however,
the FAO and CBD applied their respective risk tolerance profiles for misses
and false alarms. The dialogue at the FAO technical consultation focused
on avoiding duplication, so ideally a given area would have to meet a sin-
gle criterion very well, and areas would not be called VMEs just for being
somewhat above average in several features. For the CBD final expert group
and the Subsidiary Body on Scientific, Technical and Technological Advice
(SBSTTA), there was concern that no areas be missed, so the criterion with
explicit mention of threatened or endangered species was added just in case
some area known to support populations of such species would be an EBSA,
even if no other criteria were met. Consequently, the same scientific infor-
mation and the same general goal were met in two different ways, with one
focused on avoiding the requirement to unnecessarily regulate an activity,
and the other focused on as high an inclusiveness as possible.

The differences between the VME and the EBSA processes become even
greater when the outcomes of their application are reviewed. Both CBD and
RFMOs have used expert workshops as their fora for application of their cri-
teria, and in several cases they include some of the same experts, as well as
others with traditional working affiliations to the respective hosts. A review
in 2010 found that every RFMO with competence for bottom fisheries had
commenced application of the VME criteria, and most had identified some
areas as VMEs (FAO 2011). However, in every case, the RFMOs had also
noted that application of the criteria was hampered by inadequate guidance
on metrics and threshold values, incomplete databases, and lack of capac-
ity. With few exceptions, when the RFMO processes encountered those chal-
lenges, the VME identification process was suspended. The areas of high
uncertainty were usually not identified as VMEs, although often states
noted they were not presently fishing the specific areas, so there was time to
improve the information before a decision on VME status was needed.

In the case of CBD workshops, incomplete databases and less than full
guidance on application of the EBSA criteria were also encountered. However,
the CBD criteria were applied in regional workshops organized by the CBD
Marine and Coastal Secretariat, together with regional hosts. Workshops in
regions weak in scientific and technical capacity were preceded by capacity
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building workshops, and each application workshop opened with presenta-
tions on the criteria and the processes for their application. As experience
was gained, those presentations became increasingly detailed, with each
workshop empowered to go as far as possible in applying the criteria to the
available information. In fact, over time, the single concept of an EBSA was
partitioned into several different types of EBSAs to deal with biological fea-
tures whose position varied seasonally or interannually, and to accommo-
date different degrees of uncertainty about the exact location of a feature.
Boundaries were interpreted generously, which meant that the discussion
of more risk aversion in management would be triggered whenever there
was some evidence that EBSA criteria could be met. From my perspective
as cochair of three regional workshops, it seemed that areas that were sug-
gested as EBSAs were not accepted by the working group only in cases of
nearly complete absence of data. The difference in outcomes can be illus-
trated with Figure 4.1, which shows the VMEs identified in the northwest
Atlantic by NAFO (thick lines) and the EBSAs in nearly the same area identi-
fied by the respective CBD regional workshop (dashed lines).

This contrast of processes and outcomes is not intended to present either
set as the “right way,” but to illustrate how these global considerations affect
the actual scientific and technical use of information (and uncertainty) as
well as the ultimate decisions. In the case of identifying an area as a VME,
there was an immediate and obligatory management consequence, as a
result of UN Resolution 61/105. Bottom fishing had to be carefully managed
or else the area would be closed to such fishing. In the case of identifying
an area as meeting EBSA criteria, the only immediate policy or manage-
ment consequences were that the UN General Assembly, other IGOs with
marine mandates, and parties were notified of where areas meeting EBSA
criteria were located and what criteria the areas had met. What the General
Assembly, IGOs, and parties did with that information was up to the orga-
nization or party. Each group could then place the EBSAs within their own
histories and have the experts with whom they had greatest comfort decide
on appropriate follow-up. Even so, the consensus process of global gover-
nance affected the EBSA description, as several specific areas were removed
from the Annex tabled at CBD COP XII because single parties questioned
their identification on various grounds (CBD 2014).

In addition, the differences among parties in their perception of the bound-
ary between science and policy played a major role in negotiating the text on
follow-up activities for areas that had been accepted as meeting one or more
EBSA criteria. The initial text of the paragraph outlining follow-up activities
that parties might consider included the possibilities of assessing “status of,”
“trends in,” and “pressures on” biodiversity in the areas meeting the criteria,
and of preparing inventories of human activities in those areas that might
place pressure on biodiversity. All those terms were within the comfort zone
of some participants in the discussions. However, full consensus could only
be reached on assessing that status of biodiversity in the areas, and that is the
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FIGURE 4.1

Map of the Northwest Atlantic Ocean showing the VMEs that have been identified by NAFO
(thick solid lines) and the areas that have been accepted as meeting EBSA criteria by CBD COP
XII (dashed lines). Note that (with one exception) neither the VME identification process nor the
CBD EBSA description process considered areas within the 200 mile exclusive economic zone of
the bordering countries (thin solid lines). The gray areas represent the depth contour shading.

text of the final decision (CBD 2014). It should be noted that parties are free
to conduct other biodiversity assessments as they feel appropriate, taking
account of their jurisdictions and competencies of organizations with whom
they partner. However, the consensus call for action is quite restricted, and
even that call is modified by some “as appropriate” and “if they choose.”
The purpose of this case history is not to highlight any particular strengths
or weaknesses in either the FAO or CBD processes. Beauty will remain in the
eye of each beholder. Rather, the intent has been to draw out how differently
organizations can travel paths from a common corpus of scientific and tech-
nical information to outputs that synthesize that information and interpret
it in the context of spatially-based conservation and management. Both jour-
neys tried at each step to practice sound science and to produce products that
meet the needs of their parties. However, differences in all the contextual
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considerations—mandates, histories, risk aversion, perceived boundaries
between science and policy, the need to achieve consensus, and perhaps
above all, culture and trust—influenced each step on the journey and shaped
quite different outcomes from similar staring points. The case histories illus-
trate that a common information base and a dedication to sound science by
both organizations does not ensure identical outcomes.

4.4 Implications for the Future

How will these science—policy nuances play out in the future? One can only
speculate, but if the differences are as entrenched in practice as I argue above,
there are implications for most global ocean policy initiatives. I will specu-
late on those implications for two of the major ocean governance issues cur-
rently on the global agenda: the possibility of negotiating an “implementing
agreement” to support the United Nations Convention on the Law of the Sea,
and the development of the next round of sustainable development goals.
The sectoral approach to managing human activities in the open ocean has
had critics for decades. Criticism has escalated since at least WSSD that such
sectoral approaches make efforts to conserve marine biodiversity at least inef-
ficient, and potentially not possible at all (e.g., Gjerde et al. 2008; Tladi 2011). To
explore this issue, the UN called for the Ad Hoc Open-ended Informal Working
Group, which first met in 2006 (UN 2006), “to study issues relating to the con-
servation and sustainable use of marine biological diversity beyond areas of
national jurisdiction.” The BBNJ Working Group held wide-ranging discus-
sions on issues of marine biodiversity and conservation, with the chairs’ report
informing provisions of the annual UN resolution on oceans and law of the sea.
From the outset, some states and NGO interveners argued that existing
governance structures were inadequate for protection of biodiversity and
that a third “implementing agreement” was needed to function in parallel
with, and at the same level as, the UN Fish Stocks Agreement (UN 1995) and
the International Seabed Authority Agreement (UN 1994). Regardless of
the position individual states took on the adequacy of existing governance
instruments, each used science, when convenient, to support their position.
Those arguing that the challenges are primarily insufficient implementa-
tion of existing agreements could use science-based arguments to show how
those existing instruments can use scientific information on status of and
threats to marine biodiversity to manage those threats. Those arguing that a
new agreement is needed could use science-based arguments to show how
many important biodiversity features are exposed to multiple threats, and
managing any one of these is not sufficient to protect marine biodiversity.
The dueling experts can become strident over issues such as high seas
marine protected areas (Caveen et al. 2014; Costello 2014). Under UNCLOS,
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there is no single agency aside from the UN General Assembly empowered to
create a marine protected area in areas beyond national jurisdiction (ABNJ),
but each human use that could threaten biodiversity in a particular area does
have a body empowered to regulate its impacts, including effects on biodi-
versity. The choice of options is thus not a science issue of whether a par-
ticular instrument does or does not work, but a governance issue of whether
regulators for different sectors choose to apply their instruments in coherent
manners (Garcia et al. 2014b). There may be social scientific information to
inform choices of whether that willingness can better be stimulated from the
top down by a new implementing agreement, or motivated from the bottom
up by the increasing accountability of each sector that comes from adopting
an ecosystem approach. However, such information has been not brought to
the debate so far.

The BBN] Working Group meetings evolved during the 2000s to dis-
cuss a set of three issues that collectively have become “the package” (UN
2009; 2010): high seas marine protected areas, a common standard (or pos-
sibly forum) for environmental impact assessment, and access and benefits
sharing to marine genetic resources. The debate has converged on a view
that they cannot be resolved individually, but agreement must nonetheless
be found on all issues in the package. This packaging of issues has added
some complexity to following the threads of scientific information through
this global ocean governance dialogue. Individually, the dialogue at BBN]J
Working Group meetings acknowledged that each issue has a foundation in
scientific and technical information. Correspondingly, it arranged a series of
expert workshops to bring relevant information forward on each separate
issue (UN 2013). Table 4.3 illustrates the diversity of scientific information
and perspectives that were presented. These presentations were augmented
by nine additional written submissions to the workshops from one state, one
IGO, and three NGOs or institutes.

The workshops were well received by BBNJ Working Group delegates, but
the reception provides insight into how scientific information is being used
in this initiative. In particular, the scientific information is not being used
to resolve any of the items on the agenda. Rather, the scientific information
is being used to scope the issues under consideration. In discussions since
the workshops, some experts have expressed disappointment that their
presentations were not taken up as sources of solutions, but the restricted
use is consistent with the features of global governance summarized above.
Using scientific information to support scoping decisions is consistent with
not conceding institutional or state mandate or jurisdiction. The diversity
of experts invited to speak at each workshop ensured that the workshops
touched the comfort zone of the range of participants. From that base, it was
left to the negotiation stage to sort out any contrasting views among experts
on whether to include or exclude items on the inventory of issues raised
by the workshop as a whole. Likewise, the consensus process has reached
only the simpler consensus that the range of perspectives are relevant to
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TABLE 4.3

Abbreviated Titles of Presentations Made to the Scientific and Technical Workshops
for the BBNJ Working Group Meeting, with the Country of the Presenter

Short Title Country Institution

Basics of marine genetic resources (MGR) China G

MGR in ABNJ—Clarifying terminology and constraining Canada A
expectations

Marine microbiological research and possible applications Japan G

Why should marine genetic resources be conserved? Portugal A

Requirements and approaches for managing the future MGR * N

Marine genetic resources: technical challenges values France G

Environmental aspects of marine genetic resources * I

Access to MGR: collecting organisms and facilitating samples Norway G
and data

Exploring different benefits and benefit-sharing approaches * N

Marine genetic resources: benefit sharing and obstacles USA A

Global regimes on GR [Genetic Resources]: the CBD and the * I
Nagoya Protocol

Global regimes on GR: the food and agriculture, and health France G
sectors

Regional regimes on genetic resources, experiences and best Belgium A
practices

Scientific data about plankton ecosystems—governance EU A
implications

Exchange of information on marine biodiversity research Barbados G

Scientific cooperation and research projects on the Tara EU A
expeditions

Addressing collective marine biotech and bioprospecting EU G
challenges

Relevant activities of the International Seabed Authority * I

Key ecosystem functions and processes in ABN] Chile A

Impacts and challenges of high-seas fisheries to marine Nigeria A
biodiversity ABNJ

Human impacts on fisheries productivity in ABNJ UK A

Impacts on, and challenges to, marine biodiversity ABN]J * I

Overview of new and emerging uses of the ocean ABN]J * I

Trends of new and emerging uses of biodiversity in ABN]J * A

Area-based management tools Netherlands A

Fisheries and spatial management measures in ABNJ * I

EIAs [Environmental Impact Assessments], SEAs [Strategic Canada G
Environmental Assessment], and Biodiversity in ABNJ—
Current arrangements

Gaps and options in EIA on marine biodiversity Philippines A

Social and environmental considerations for management in Barbados G

ABNJ
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TABLE 4.3 (CONTINUED)

Abbreviated Titles of Presentations Made to the Scientific and Technical Workshops
for the BBNJ Working Group Meeting, with the Country of the Presenter

Short Title Country Institution

Scientific expertise and infrastructure for marine biodiversity Norway G
management

Existing regimes, experiences, and best practices * N

Ecosystem services and area-based management Japan A

Trends in cooperation for research, management, and capacity Australia A
building

OBIS [Ocean Biogeographic Information System] and USA A

capacity-building needs for marine biodiversity data

Note: Country provided if listed as affiliated with a national or European Union (EU) site;
whether the presenter’s institution was academic or an international research center (A),
a government department or institute (G), an intergovernmental organization (I), or an
NGO or corporation (N), (*) means that the author(s) did not list a national affiliation.

the discussion, but no consensus on where the balance point among them
might lie.

Even if thisis a limited impact of scientific information on the global issue
of an implementing agreement, it is not a trivial one. Many experienced
negotiators conceded that after five years of policy debate, the presenta-
tions finally helped the BBN]J negotiators commence developing a roadmap
for the issues to be resolved; this is a major step forward. The unrealis-
tic expectation of some experts is that the scientific information itself will
be the substance of the resolutions to the debates. As the IPCC debates
have clearly illustrated, although the Fifth Assessment Report (IPCC 2014)
represents a strong scientific consensus on trends, drivers, and options for
climate change adaptation and mitigation, parties still negotiate policies
taking a range of other issues into account. Solutions are sought that are
within the scope of the scientific information, but until the uncertainty in
scientific information is very low and diversity of interpretations of the
information narrow, it is unrealistic to think scientific information could
actually determine the outcomes of negotiations, let alone would determine
them.

Withregard to sustainable development goals, the Millennium Development
Goals were adopted in 2000. Over a decade later, the Rio+20 Summit
reviewed progress toward their achievement and concluded that although
there were widespread examples of the alleviation of poverty and hunger,
the goals had not been achieved (Rio+20 2012). In the follow-up document
for implementation, the UN explicitly requested that states “must invest in
the unfinished work of the Millennium Development Goals, and use them
as a springboard into the future we want, a future free from poverty and
built on human rights, equality and sustainability” (UN 2014b, para 18).
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Moreover, we see in paragraph 37c of the Synthesis Report of the Secretary
General (UN 2014b) that one of the main lessons learned in that unfin-
ished work was that “the academics and scientists convened through the
Sustainable Development Solutions Network recommended the adoption
of a science-based and action-oriented agenda, integrating four interdepen-
dent dimensions of sustainable development (economic, social, environ-
mental and governance)”; so here again scientific information should be at
the heart of the path forward.

The 17 Sustainable Development Goals (SDGs) approved for consideration
by the Open Working Group of the General Assembly on SDGs are about
outcomes that are aspirational and qualitative (UN 2014a). As such, it would
be inappropriate to judge the degree to which they are truly science-based.
Nevertheless, at least 11 of the 17 goals require strong natural science foun-
dations to identify effective pathways for progress, including SDG 14 on
oceans, and the natural sciences have clear contributions to make to at least
half the others (Table 4.4). The social sciences, of course, are essential to prog-
ress on all of them.

The SGDs are at an early stage of development, with respective targets and
metrics, and a comprehensive implementation plan for their achievement
is still a work in progress. However, based on the arguments made about
the role of scientific information in global ocean governance, it is possible
to sketch out some of that likely role. Science will have a strong role in out-
lining possible pathways forward. For goals such as 9 (resilient infrastruc-
ture), 12 (sustainable production and consumption), and 13-15 on achieving
healthy oceans and terrestrial ecosystems and combating climate change,
science may to some extent help set a pace for progress. Even there, however,
the lack of information may become an excuse for deferral or very cautious
action, due to the costs of misses and false alarms being distributed differ-
ently among countries viewed primarily as donors and those viewed pri-
marily as recipients of development aid, and their risk profiles for tolerating
those risks will be at least as different.

The presence of information may serve to guide consensus that some pos-
sible pathways toward one or more goals are not viable, but only if multiple
lines of research agree that a particular method is likely to fail to result in
progress. Based on the debates among scientists about the degree to which
marine protected areas benefit commercial fisheries (Caveen et al. 2014;
Hilborn et al. 2004; Rice et al. 2012), and what fishing practices are “destruc-
tive” (FAO 2010), even that scale of contribution may be modest at best. All
the issues of different perspectives and institutions wanting to receive their
science support from their familiar sources will be in play. It is perhaps
the technical information on how particular technologies work under vary-
ing circumstances that may make the most unquestioned contributions to
implementation of the SGDs. Here though, the contributions are not really
to policy, but to guiding the how-to after the policy questions have been
resolved.
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TABLE 4.4

The 17 Sustainable Development Goals Approved for Further Refinement, with a
Judgement of Their Dependence on Scientific Information and Advice

Goal Outcome Science

1 End poverty in all its forms everywhere 2

2 End hunger, achieve food security and improved nutrition, and 3
promote sustainable agriculture

3 Ensure healthy lives and promote well-being for all at all ages 3

4 Ensure inclusive and equitable quality education and promote 2
life-long learning opportunities for all

5 Achieve gender equality and empower all women and girls 1

6 Ensure availability and sustainable management of water and
sanitation for all

7 Ensure access to affordable, reliable, sustainable, and modern 3
energy for all

8 Promote sustained, inclusive and sustainable economic growth, 3
full and productive employment, and decent work for all

9 Build resilient infrastructure, promote inclusive and sustainable 3
industrialization, and foster innovation

10 Reduce inequality within and among countries 2

11 Make cities and human settlements inclusive, safe, resilient, and 3
sustainable

12 Ensure sustainable consumption and production patterns 3

13 Take urgent action to combat climate change and its impacts 3

14 Conserve and sustainably use the oceans, seas, and marine 3

resources for sustainable development

15 Protect, restore, and promote sustainable use of terrestrial 3
ecosystems, sustainably manage forests, combat desertification,
and halt and reverse land degradation, and halt biodiversity
loss

16 Promote peaceful and inclusive societies for sustainable 1
development, provide access to justice for all, and build
effective, accountable, and inclusive institutions at all levels

17 Strengthen the means of implementation and revitalize the 1
global partnership for sustainable development

Source: UN (United Nations). Report of the open working group of the general assembly on
sustainable development goals. A/68/970. 2014.
Note: All judgments are for the natural sciences, as political and other social sciences are rel-
evant to all goals. (1) Scientific information may be useful but is not central to the goal;
(2) scientific information can inform development of options, but progress is possible
with limited science input; (3) little progress can be made without a strong science
underpinning.

For the many goals where equity is featured, even science efforts to estab-
lish metrics of equity may have limited influence. Scientific information may
again be useful to justify not taking particular actions because outcomes
are uncertain. However, from my observations of debates about equity at a
global scale, there is little appetite for serious discussions of what pathways
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may lead toward equity if there is not already agreement between those per-
ceived as disproportionately favored and those perceived as disadvantaged
on what a truly equitable outcome will be. Again, the issues of risk tolerance,
jurisdiction, and scope of what is inside and outside “the solution” are likely
to supersede issues of the scientific evidence regarding how effective it may
be to follow any particular pathway.

4.5 Conclusion

At the global level, scientific information supports policy development across
the full spectrum of issues in both conservation of ecosystems and their com-
ponents, and in management of human activities that use or impact those
ecosystems. However, although scientific information can inform policy-
making, it does not exclusively determine policy outcomes. In fact, even the
degree to which global policy outcomes are constrained by scientific infor-
mation is limited by several characteristics of policy-making at the global
level. These include the increasingly overlapping mandates and jurisdictions
of the many organizations and agencies with roles in global governance; the
diversity of legitimate science perspectives on many ocean issues, even some
which may initially appear simple; differences in distributions of risks of
overly intrusive and overly permissive policy instruments and regulatory
measures among industry sectors and ocean ecosystems; differences in tol-
erances for those same risks among the various participants in global policy-
making; and simply familiarity with and trust in science advisors associated
with the various governance streams.

All these factors play out in the global science—policy interface. They can
lead to policy outcomes that frustrate or disappoint the expert advisors
who may have had expectations of the science advice they input having
greater impact than was realized in practice. This should not be viewed as
failures of the science—policy interface at the global level, however. Rather,
it is a reminder that experts in specific science disciplines should always
be aware that policies routinely have to address diverse agendas simulta-
neously, even when, from a disciplinary perspective, it may appear pos-
sible to disentangle scientific and technical aspects of an issue from other
aspects. The boundaries on what constitutes a “problem” in need of policy
attention will always be context specific, and at global scales the players in
policy-making rarely all bring the same context to the table. Therefore, sci-
ence inputs may be most effective when they focus on providing a sound
but neutral (to the greatest extent possible) starting point for policy devel-
opment, and describe what pathways are available, where they lead, and
what impediments may be encountered along the way. As science inputs
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focus on trying to influence the determination of policy outcomes, the
effectiveness of these inputs may be increasingly overshadowed by these
other considerations.

The dynamics discussed here may also play out at regional, national, and
subnational scales. However, at more local scales, the range of perspectives
of those who use the scientific information is unlikely to increase, and may
become narrower. Thus, the inputs of scientific information to policy-making
at these less global scales may have greater influence at the later stages
of policy-making than they do at the global scale. Nevertheless, there are
important global governance issues on the near horizon, including the pos-
sibility of negotiating a new implementing agreement to support UNCLOS
and the development of the next series of sustainable development goals. A
good understanding of the roles that can be played effectively by those who
provide scientific information will help ensure that the scientific information
gets used to the fullest extent possible in these important initiatives.
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5.1 Introduction

Risk is understood to be a function of probability and consequence. Up until
the 1980s, the study of risk was dominated in the West by scientists, engi-
neers, economists, and decision analysts. Their views were overwhelmingly
influenced by a rational actor paradigm (RAP) (Jaeger et al. 2001, pp. 19-22),
in which risk is an objective condition that can be understood from a ratio-
nal and individual perspective. From this standpoint, determining risk
means determining the probability of an event and multiplying it by the
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consequence, usually measured in dollars or operational deficiency. There is
an optimism that the data are obtainable and uncontroversial. These calcu-
lations loaned themselves to risk prioritization: those events with the high-
est risk score (probability X consequence) could be identified as the greatest
risks and therefore first in need of attention. From this traditional view, risk
is largely understood to be a negative concept; specialists seek to identify,
segment, and eliminate it.

Challenges to this traditional view have emerged from the fields of psy-
chology, sociology, and anthropology. For psychologists, risk is understood
through an individual’s lens, and it is assumed that risk is a subjective (that
is, personal, intimate) construction; different people will have different
understandings and views about the likelihood and consequence of events,
irrespective of empirical data. Using the availability heuristic, for example,
people will believe that an event is more likely to occur if they are able to
imagine or recall it (Slovic et al. 1979). Slovic et al. (1979) note, for instance,
that fear of shark attacks increased dramatically after the release of the
movie Jaws, despite the fact that there was no empirical evidence to suggest
that shark attacks had become more probable. For sociologists, institutional
and community arrangements significantly influence our understanding of
risk. The complexity of modern society and its networks cannot be reduced
and ordered according to simple risk calculations. We have to think carefully
about social processes. Socioeconomic status, for instance, makes a differ-
ence in someone’s ability to understand and respond to risk. The better-off,
for example, are more likely to have various forms of insurance, and are gen-
erally healthier, better educated, and live longer than the less well-off. For
anthropologists, risk is socially constructed through an institutional setting.
According to Mary Douglas (2001, p. xix), “certainty is only possible because
doubt is blocked institutionally. Most individual decisions about risk are
taken under pressure from institutions.” For Douglas, these views of risk can
be fundamentally incompatible. A regulator working in a bureaucracy, for
example, will see an unregulated market as a risk; a business person work-
ing in that unregulated market, in contrast, will see the regulator’s desire to
regulate as a risk.

Multidisciplinary analysis of risk demonstrates that there are many ways
to interpret and understand the concept of risk. Each approach makes dif-
ferent assumptions about the nature of risk, which impacts the tools and
mechanisms required to manage risk. For rational actors, like engineers
and actuaries, managing risk is about statistics and formal models. For
psychologists, managing risk is about understanding and managing per-
ceptions. For sociologists and anthropologists, risk is about social context
and culture. While taking multiple views into account almost certainly
enriches our understanding of risk, it also introduces potentially incom-
patible notions that have to be managed and trade-offs that have to be
weighed. While taking one view is potentially narrow, taking all views is
potentially unwieldy.
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The International Risk Governance Council’s (IRGC) framework is a
normative and process-oriented approach to managing risk (Renn 2006).
For the IRGC, risk governance can be defined as the totality of actors, rules,
conventions, processes, and mechanisms concerned with how relevant risk
information is collected, analyzed, and communicated, and how manage-
ment decisions are taken. To a degree, the IRGC’s framework accommodates
contributions from different disciplines when examining and responding to
risk; this framework combines technical risk analyses with issues of percep-
tion and process. The framework divides the components of risk governance
into two broad categories: risk assessment and risk management. Assessment
focuses on generating knowledge concerning risk, and management con-
cerns making decisions and implementing those decisions. The framework
further subdivides this process into four phases: preassessment, risk appraisal,
tolerability and acceptability judgment, and risk management. Each phase includes
concepts that should be applied to understand and manage risk.

These four stages are similar to other holistic approaches to risk. In addi-
tion to these four stages, however, the IRGC framework further divides risks
into four classes: simple, complex, uncertain, and ambiguous. The classification
of risk is “not related to the intrinsic characteristics of hazards or risks them-
selves but to the state and quality of knowledge available about both hazards
and risks” (Renn and Walker 2008, p. 18). As such, efforts to classify risk
refine our understanding of risk. These four categories help to improve the
risk governance process and, in particular, how we communicate about risk
and where we place our emphasis in the risk governance process.

The purpose of this chapter is to (1) briefly describe and discuss each of
the four stages of the IRGC framework, (2) further develop the four types
of risk—namely, simple, complex, uncertain, and ambiguous, and (3) show
how these categorizations can help us to manage different types of coastal
zone risks more effectively. We use the examples of the Nova Scotia shrimp
fishery (simple), offshore o0il and gas exploration (complex), port security
(uncertain), and aboriginal fishing rights (ambiguous) to illustrate funda-
mental differences in risk problems and to link directly to the theme of this
book—namely, how information operates at the science—policy interface in
coastal and ocean management.

There are several challenges to conducting risk analyses in the modern
state: problems of quantification, plurality of knowledge claims, stochas-
tic events, counterintuitive implications, and inadequacy of trial and error
learning (Renn 2015). Public and stakeholder engagement has increasingly
become an important method by which to understand various perspec-
tives and in so doing develop more reliable solutions; many policy makers
struggle, however, in understanding how, when, with whom, and why to
engage. The IRGC framework distinguishes between types of risk and, in
so doing, assists policy makers in understanding the engagement process.
The framework underscores how our state of knowledge of a particular
risk can influence how to proceed. While it usefully describes an iterative
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process that includes a capacity for negotiation and learning, particularly
with ambiguous risks, it also signals that we should limit engagements with
simple and—to a lesser extent—complex risks. These distinctions provide a
better chance of more stable and efficient risk management solutions.

5.2 International Risk Governance Council Framework

Figure 5.1 illustrates the basic interconnections of the phases within the
International Risk Governance Council (IRGC) framework and will act as a
graphical reference for this section. While the framework is divided into sep-
arate phases and presented in a sequential manner, risk governance does not
necessarily occur in a tidy, sequential manner. At times, each of the phases
can occur simultaneously, and communication flows back and forth, further
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FIGURE 5.1

The International Risk Governance Council framework. (Adapted from Renn, 2006. Risk gov-
ernance: Towards an integrative approach. White Paper No. 1. Geneva: International Risk
Governance Council.)
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informing or shaping the overall risk governance response, which is why the
arrows indicate a movement in both directions.

5.2.1 Phases of Risk Governance
5.2.1.1 Preassessment Phase

The preassessment phase captures the variety of issues that stakeholders
might associate with a certain risk, as well as existing indicators, routines,
and conventions that may prematurely narrow—or act as a filter for—what
will be considered a risk (Renn 2006). This phase examines, in particular, the
manner in which data are (or are not) collected and shared, including early
warning signs, research methods, screening practices, and scientific conven-
tions. At this stage, the framework tries to capture the risks from the point of
view of all parties affected by the threats: the official agencies (government),
the risk and opportunity producers (private enterprises), those affected
by the risks and opportunities (producer employees, spin-off businesses,
importers, and those who live nearby) and interested bystanders (media,
and environmental groups). It is concerned with the “systematic search for
detecting hazards and threats, in particular new emerging risk events” and
the capacity to share information with other interested parties (Renn and
Aven 2010, p. 70).

5.2.1.2 Risk Appraisal

The purpose of the risk appraisal phase is to determine whether the endeavor
that creates the risk is worth pursuing, and, if so, what steps can be taken to
mitigate or contain the risk (Renn 2006). The risk appraisal phase consists
of two major components: a scientific assessment of the risk, or risk assess-
ment, and an assessment around societal concerns about the risk, or concern
assessment.

The risk assessment component of risk appraisal aims to identify poten-
tial hazards, assess the level of exposure and vulnerability, and esti-
mate the end risk using the best scientific models available (Renn 2006).
It accomplishes these aims through scientific modeling of risks and the
traditional determination of probabilities. Risk assessment generally uses
existing data along with scenario modeling to determine various scenarios
for risk to estimate the probability of a given occurrence. Concern assess-
ment aims to gain an understanding of some of the issues that underlie the
risk, such as how the risk affects different socioeconomic groups and how
the risk is perceived by members of society, including an analysis of any
cognitive biases that may exist around the risk (Renn 2006). By combining
risk and concern assessment, risk managers are able to gain insight into
the values and evidence required to assess the public’s tolerance for risk
exposure.



108 Effective Coastal and Ocean Management

5.2.1.3 Tolerability and Acceptability Judgment

The third phase of the IRGC framework, the tolerance and acceptability
judgment phase, is about determining the appetite for risk given the likeli-
hood and the consequence of its occurrence. Tolerance with regard to risk
looks at whether the endeavor that creates the risk is worth pursuing, given
the potential consequences of disaster. Acceptability refers to the level of
residual risk allowable after measures are put in place to mitigate or mini-
mize exposure (Renn 2006). Something that is intolerable should be avoided,
something that is tolerable requires risk reduction measures until it becomes
acceptable, and something that is acceptable requires no action. This phase
is often viewed as the most difficult; the lines between intolerable, tolerable,
and acceptable are rarely clear because making a decision about tolerability
and acceptability requires one to weigh values and evidence. For this rea-
son, the phase is divided into two categories: risk characterization and risk
evaluation.

Risk characterization is the collection and summarization of “all relevant
evidence necessary for making an informed choice on tolerability or accept-
ability of the risk in question and suggesting potential options for dealing
with the risk from a scientific perspective” (Renn 2006, p. 41). This component
is generally completed by experts in the field. The risk evaluation component
filters the risks through societal values and norms to make a judgment on
the tolerability and acceptability of the risks and, subsequently, to judge the
need for further risk reduction. It is when a risk is deemed to be tolerable and
in need of methods to reduce exposure to the consequences of the risk, that
risk governance enters the risk management phase.

5.2.1.4 Risk Management

The risk management phase of the IRGC framework takes the information
obtained from the other phases and uses it to make decisions about the
actions required to manage the risk (Renn 2006). Ultimately, the goal should
be to make the tolerable risk acceptable over time. The categories within
this phase endeavor to create learning organizations among both the risk
producers and the government organizations in charge of regulation. These
categories do this by instituting a risk management regime with feedback
loops in which risk managers identify, assess, evaluate, select, and imple-
ment options for moving toward risk acceptability. Finally, the chosen options
should be monitored and measured for “intended and unintended conse-
quences” (Renn 2006, p. 20). The information taken from monitoring should
then be fed back into the beginning process of identifying policy options,
and the cycle should repeat.

Many acknowledge that this framework is a step forward in addressing
a gap in the approach to risk, given the increased levels of complexity and
uncertainty in modern society (North 2005; Rosa 2008). It is considered a
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useful tool that helps those unfamiliar with recent academic research to
understand different approaches to risk management and acts as a guide to
identify the types of issues that risk managers should be taking into consid-
eration (North 2005; Rosa 2008). Despite this recognition, some critics note
the lack of a clear definition of risk (North 2005; Boholm et al. 2012). Some
argue that the framework is too complex or too simple to be useful as a prac-
tical tool (Boholm et al. 2012), if the framework is applied rigidly (North 2005;
De Vries et al. 2011). Others note a bias toward systemic risks and that its
emphasis on stakeholder engagement opens the door for lobbying (Boholm
et al. 2012); it also seems to put more emphasis on the system as a whole and,
as a result, may lose sight of the importance of micro-end decision-making
(Boholm et al. 2012).

The framework relies on taxonomies that force risks into categories; due to
the systemic nature of risks, it can be challenging to interpret them through
a formal model (De Vries et al. 2011). Also, in attempting to look at the risk
from as many aspects as possible, it does not consider the context of how the
risk has been managed and the process and definitions of risk that shaped
the current situation (Boholm et al. 2012).

5.3 Four Types of Risk: Examples from the Coastal Zone

Other risk frameworks are available to guide us through an assessment and
management process (see O et al. 2015; ISO 2009; Treasury Board of Canada
2010). However, in addition to the IRGC framework, Renn (2006) has usefully
divided risks into four classes: simple, complex, uncertain, and ambiguous.
The classification of risk is “not related to the intrinsic characteristics of haz-
ards or risks themselves but to the state and quality of knowledge avail-
able about both hazards and risks” (Renn and Walker 2008, p. 18). While
some critics have noted the lack of clarity concerning the definition of risk, as
mentioned earlier, Renn’s effort to refine our understanding of risk into four
categories creates considerable opportunity to improve the risk governance
process, in particular how we communicate about risk and where we place
our emphasis in the risk process.

5.3.1 Simple Risks at the Science-Policy Interface: Shrimp

Simple risks are risks for which “the number of predicted events are fre-
quent and the causal chain obvious” (Renn and Walker 2008). The shrimp
fishery in Nova Scotia is a good example of simple risk. The fishery is largely
stable and predictable. Shrimp are very abundant in the North Atlantic. In
2013, 141,291 tonnes of shrimp were landed in Atlantic Canada, down from a
record high of 185,974 tonnes in 2007, but up from 1990s levels (Fisheries and
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Oceans Canada 2015). Shrimp ecology and its relationship to the fishery are
also well understood. Shrimp stocks may be impacted by high surface water
temperatures (Appollonio et al. 1986), predation by groundfish (Worm and
Myers 2003), and the fishery itself. The Department of Fisheries and Oceans
(DFO) attributes the current abundance of shrimp to a combination of cold
surface water, unrecovered groundfish stocks, and sound fishery manage-
ment practices (Fisheries and Oceans Canada 2014).

Risk management is generally more important than risk assessment
within this fishery because much is already known about the risks involved,
for example, overfishing, groundfish predation, and bycatch. DFO takes an
integrated approach to managing Nova Scotia’s shrimp fishery. Commercial
trawlers and DFO carry out shrimp surveys each June. Based on a combina-
tion of these survey results and commercial data, that is, fishing logs and
catch samples, each year a total allowable catch (TAC) is set. Risks associated
with overfishing, for example, are tolerable, so while data collection needs
to continue to avoid future problems, monitoring is simple because proven
scientific methods exist and are already in use.

In addition to TAC, a variety of other conservation measures are enforced.
These measures include individual quotas, limited licensing, minimum
mesh sizes on nets, Nordmore separator grates, and monitoring (Fisheries
and Oceans Canada 2015). Taken altogether, these conservation measures
minimize bycatch and ensure the long-term sustainability of Nova Scotia’s
shrimp fishery. Problem framing is relatively simple, as stakeholders (namely,
DFO and industry) agree on what the probability and consequences of the
threats are, and agree they are tolerable in light of the conservation meth-
ods and the economic benefits of the fishery. Compared to other local fisher-
ies, for example, the lobster fishery, the shrimp fishery is uncontroversial.
Data suggest that the crustaceans can be extracted at the present levels with
little risk to the environment or their population for the foreseeable future
(Fisheries and Oceans Canada 2014).

In sum, the management of simple risks is relatively straightforward and
can often be left to the market, albeit with some regulations. The dialogue
that characterizes risk governance of a simple risk is instrumental. It involves
agency staff, external experts, and external stakeholders; the analysis is
largely statistical. The data are not contested or particularly controversial;
the standards are largely accepted, albeit with some small variation from
year to year.

5.3.2 Complex Risks at the Science-Policy Interface:
Offshore Oil and Gas Exploration

Complex risks are those where there is difficulty “identifying and quanti-
fying causal links between a multitude of potential causal agents and spe-
cific observed effects” (Renn and Walker 2008, p. 19). This difficulty may
arise from interactive effects among potential causal agents, long delay
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periods between cause and effect, interindividual variation, that is, greater
differences from case to case, and intervening variables.

Offshore oil and gas exploration is a salient example of complex risk. Every
stage of offshore oil and gas exploration involves diverse risks. The complex
interplay of variables makes it difficult to predict the probability of risk out-
comes. Risk models are used extensively (e.g., Foreman 2005), however, these
models are generally less reliable than in simple risk contexts. With complex
risks, too many variables are at play, and while we may have experience in
managing these risks, the interactions of the variables are not necessarily
well understood.

The Deepwater Horizon oil well blowout and spill demonstrates how a
series of technical failures may intersect in complex—and unanticipated—
ways, resulting in tragedy. On 20 April 2010, the Deepwater Horizon, an off-
shore drilling platform, exploded, killing 11 people (Smithsonian Institution
2015). Two days later the rig sank. It took 87 days to cap the well, which in
that time leaked an estimated 4.9 million barrels of oil into the Gulf of Mexico
(Spier et al. 2013). No single event led to the Deepwater Horizon blowout,
explosion, and resulting spill. British Petroleum, the company that was leas-
ing the Deepwater Horizon platform at the time of the spill, identified eight
causal agents—namely, dodgy cement, valve failure, misinterpreted pres-
sure tests, failure to spot the leak, another valve failure, an overwhelmed
separator, failure of the gas alarm, and failure of the blowout prevention sys-
tem (Mullins 2010). No single failure caused the spill; rather, the complex
interplay of these eight causal agents led to the disaster.

Some impacts of the spill were immediately self-evident. Other impacts
are still unfolding. Ongoing research aims to determine how the Gulf of
Mexico, was—and continues to be—impacted by this particular oil spill (e.g.,
Incardona et al. 2014). There can be a long delay between the occurrence of a
spill and its effects. It took several years for the Alaskan shoreline to recover
from the Exxon Valdez oil spill (Shigenaka 2014). Furthermore, a dearth of
baseline ecological data at the location of future accidents may make it impos-
sible to gauge impacts, and therefore recovery, from an oil spill. In the wake
of the Deepwater Horizon spill, the President of the United States created
a national commission to determine the causes of the spill, lay out a long-
term recovery plan, and come up with strategies to mitigate and respond to
future spills related to offshore drilling. Quite tellingly, in the foreword to its
report to the president, the commission quotes the board that investigated
the Columbia space shuttle disaster: “Complex systems fail in complex ways”
(National Commission on the BP Deepwater Horizon Oil Spill and Offshore
Drilling 2011, p. viii).

Renn suggests that the risk appraisal stage is crucial for analyzing complex
risks because of the potential for technical analyses to improve our knowl-
edge of risk. Risk modeling is a commonly used method for analyzing simple
risks and complex risks. Whereas simple risks are associated with phenom-
ena that are relatively frequent with fairly well understood causal links,
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extending these rational quantitative methods can become increasingly
unreliable as the risk situation becomes more complex. The fundamental
process of subdividing a problem into constituent parts is often inadequate
to capture interactive effects between system elements. Furthermore, each
cause and effect relationship in the complex system is typically inferred
assuming prompt linear reactions, yet many systems are characterized by
nonlinear interactions and delayed feedback. This latter aspect has been
shown to confound attempts to grasp the full extent of consequences of a
hazard (Hobbs et al. 2002). Marine ecosystems are inherently complex and
respond in various ways to perturbations such as oil spills, as shown by
many studies (GESAMP 1993; Committee on Oil in the Sea 2003).

To compensate for deficiencies in historical data which preclude developing
statistically valid cause and effect inferences, modelers turn to probability
theory to estimate likelihoods based on limited data and/or expert opinion.
The expected value, or expected utility, underpinning a rational risk assess-
ment model must be viewed judiciously given these limitations in the data
and relationships. Comparisons with other apparently similar scenarios are
often made to help define the system scope and cause and effect relationships;
however, complex systems are rarely mirrored very well in other contexts.

In sum, while the model can help inform policy discussion by prioritizing
problems and examining vulnerabilities and sensitivity, the actual evolu-
tion of an incident may be quite different from anticipated model outputs.
Nevertheless, modeling to gain insight into potential outcomes from the fail-
ure of a complex system can be instrumental for building in redundancy to
reduce the likelihood of failure propagation and adding buffers to mitigate
the impacts. The caution here is the human tendency to overestimate our
ability to understand, model, and control the complexities of a large system.
Modelers require humility; they need also to improve their capacity to com-
municate their findings to a lay audience and in so doing help to inform
the concern assessment, which is also part of the risk appraisal stage. As
risk psychologists will note, how people feel about the risk is an important
consideration for policy makers, irrespective of whether or not those feelings
align with the formal predictions of the model and modelers.

5.3.3 Uncertain Risks at the Science—Policy Interface: Port Security

Uncertain risks are those where there is “a lack of clear scientific or technical
basis for decision-making,” which “often results from an incomplete or inad-
equate reduction of complexity in modelling cause-effect chains” (Renn and
Walker 2008, pp. 18-19). Furthermore, uncertain risks often go unreported
by business and industry. This diminishes the confidence level of traditional
objective measures of risk estimation and risk analysts become more reliant
on fuzzy or subjective measures of risk estimation (Renn and Walker 2008,
pp- 18-19). According to Renn and Walker (2008), uncertainty can be subdi-
vided into the following categories: epistemic, which is the result of imperfect
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knowledge, and can include target variability and systematic and random
error in modeling, and aleatory, which includes indeterminacy or genuine
stochastic events, system boundaries, and ignorance or nonknowledge.

A salient example of an uncertain risk is seaport security. Seaports are criti-
cal hubs in the global supply chain; 70% of the world’s imports are moved
by sea (Burns 2013). Ports compete against one another for business and,
therefore, have to keep goods moving as efficiently as possible. At the same
time, they are exposed to considerable threats. Security threats range from
those that capture the public’s attention, such as terrorism, drug smuggling,
people trafficking, and people smuggling, to those that have perhaps more
serious business implications, such as piracy, cargo theft, and cybercrimes, to
the more mundane and probable, such as trespassing and petty crime. Many
risks relate to broader questions of the underground economy, economic and
political stability in parts of the developing world, and access to key trade
routes in international markets (Quigley and Mills 2014). The somewhat open
and accessible nature in which seaports operate also creates security threats.

The data we have for these types of risks are only partial, and unreli-
able. Terrorist attacks at a seaports, such as the attack on the USS Cole, are
extremely rare. On 12 October 2000, the Cole was attacked in the port of
Aden, Yemen, by suicide bombers in a small, explosive-laden boat; 17 U.S.
sailors were killed and 39 were injured (CNN 2014). This was the deadliest
attack on a U.S. naval ship since the Iran-Iraq War (National September 11
Memorial and Museum 2015).

Terrorism and criminal activity in particular create unique challenges to
risk analysts because they are contending with adaptive adversaries; in other
words, unlike a natural disaster, a terrorist will adapt his or her behavior in
light of the risk management strategy that the port staff adopt. Moreover,
managing low-probability risks in a robust manner can rarely be justified at
the firm level (Seidenstat 2002); security is usually seen as a negative and usu-
ally unnecessary expense. Market-sensitive organizations shipping goods
to and from ports will often not take pronounced steps to protect against
low-probability/high-consequence events (Jaeger et al. 2001), which thereby
enhances the vulnerabilities.

With uncertain risks, formal, rational models are unlikely to capture the
full scope of the challenge. Uncertain risks can frequently generate surprises
or realizations that are not anticipated or explained explicitly within a risk
modeling framework. There are simply not enough data to understand the
likelihood and consequences of the risk.

The absence of data that can help officials to be more specific about the
magnitude of the risk requires that governments employ a precautionary
approach, particularly when the harm is potentially catastrophic or irrevers-
ible (Sunstein 2009). Uncertain risks also require that governments avoid
high vulnerability as well as they can.

In sum, it is unrealistic to think that a plan would dictate that sufficient
human resources would constantly be available to respond to worst-case
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scenarios generated by uncertain risks. Solutions will require risk modeling
coupled with a reflective discourse by policy makers, experts, industry, and
affected stakeholders that attempt to strike the balance between over- and
under-managing the response to the event. Scenario planning exercises can
help, provided they infuse an element of the unpredictable into the scenar-
ios, and are not merely test scenarios for which everyone is prepared, among
friendly and convenient partners who are prepared to join the exercise.

5.3.4 Ambiguous Risks at the Science—Policy
Interface: Aboriginal Fishing Rights

Ambiguous risks are a result of divergent or contested perspectives on the
justification, severity or wider “meanings” associated with a given threat
(Renn and Walker 2008). Categories of ambiguity include interpretative (i.e.,
different interpretations of the same results) and normative (i.e,, different
concepts of what can be considered tolerable) (Renn 2006).

The case of aboriginal fishing rights in Canada is an example of ambiguous
risk. Under section 35 of the Constitution Act, 1982, “[t]he existing aboriginal
and treaty rights of the aboriginal peoples of Canada are hereby recognized
and affirmed.” These rights include the right to fish. There is considerable
disagreement among stakeholders, however, over what those existing rights
are and how to interpret treaty rights in modern contexts.

There are numerous stakeholders in the Canadian fishing industry. These
stakeholders include the federal government (DFO), Aboriginal peoples,
non-Aboriginal peoples, environmental groups, media, the general public,
and the fishing industry itself. Each of these parties may be affected in
different ways by risks and opportunities within the industry. For exam-
ple, section 35 of the Constitution Act, 1982 affected Aboriginal and non-
Aboriginal fishers in different ways. To protect Aboriginal peoples’ right to
fish, DFO reallocated fishing licenses belonging to non-Aboriginal fishers
(Fisheries and Oceans Canada 2012). Since the early 1990s, roughly 900 com-
mercial licenses have been reallocated, and 1,300 seasonal jobs have been
created, for Aboriginal fishers (Fisheries and Oceans Canada 2012). Many
non-Aboriginal fishers had already lost their licenses in the collapse of the
northern cod (and other groundfish) fisheries (Parliament of Canada 1999).
While both Aboriginal and non-Aboriginal fishers recognized the need to
regulate fisheries to ensure their recovery, a great deal of tension existed
around who should be in charge of fisheries management (Parliament of
Canada 1999). Some First Nations communities were reluctant to recognize
the authority of DFO to manage their communal fisheries (e.g., Burnt Church,
New Brunswick; after all, the fisheries collapsed under DFO’s management).
This rejection of DFO’s authority was widely perceived by non-Aboriginal
fishers as a threat to the fisheries (Nixon 2001).

The same piece of legislation that provided opportunities for Aboriginal
peoples represented a threat to non-Aboriginal fishers. Different stakeholders
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may perceive threats differently; an opportunity for one stakeholder group
may be seen as a threat by another. To deal with differences in perceived
risk, Renn (2006) recommends that managers identify emerging threats
and communicate these threats to stakeholders. In this particular case,
the Government of Canada needed to communicate more clearly to non-
Aboriginal fishers how this new legislation would impact them.

In numerous instances disagreements over Aboriginal fishing rights have
been decided by the Supreme Court of Canada (for examples, see Allain
1996). The Donald Marshall decision and the ensuing strife in the commu-
nity of Burnt Church, New Brunswick, exemplify the conflict and ambigu-
ity involved in these disagreements. Donald Marshall Jr. was convicted of
eel fishing out of season, without a license, with nonregulation equipment,
and selling the eels he caught (Parliament of Canada 2001). In the past, the
Supreme Court had usually upheld these kinds of convictions against First
Nations fishers, albeit with some disagreement among judges (Allain 1996).
In this instance, Marshall was acquitted by the Supreme Court.

Judging by DFO’s lack of contingency plans (Parliament of Canada 2001),
the Department appeared unprepared for the Supreme Court ruling in
favor of Donald Marshall and its broader implications for Aboriginal fish-
ing rights. In the wake of the Court’s decision, many First Nations commu-
nities in eastern Canada, including Burnt Church, began to exercise their
fishing rights. This led to conflict between these coastal communities, non-
Aboriginal fishers, and DFO. The conflict centered around two main issues:
(1) access to resources and (2) conservation management.

Each stakeholder group had a different interpretation of their rights and
activities. Misunderstandings among stakeholders contributed to a lack of
clarity about fisheries regulation and poor communication between non-
Aboriginal and First Nations fishers. DFO was unprepared to manage threats
to the fishing industry and rights of the various parties involved. Although
scientific models existed for managing the lobster fishery, these models did
not allow for the emerging role of First Nations fishers and traditional eco-
logical knowledge in this industry. So DFO was left scrambling to assess
the risks posed by people fishing without a license, outside the established
fishing season. Also, they were not prepared to address the concerns of non-
Aboriginal fishers and the general public.

Eventually, DFO managed to reach agreements with 30 of the 34 affected
First Nations communities (Parliament of Canada 2001). Negotiations broke
down between DFO and Burnt Church when the community rejected all
government regulation in favor of pursuing its own management plan
(Parliament of Canada 2001); the conflict between First Nations and non-
Aboriginal fishers escalated to the point where shots were fired, although no
one was harmed (CBC News 2001). Although DFO launched the Aboriginal
Fisheries Strategy in 1992 to reach management agreements with Aboriginal
communities (Fisheries and Oceans Canada 2012), insufficient funds were set
aside to reallocate licenses to Aboriginal peoples. The conflict at Burnt Church
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may have been avoided if the DFO had framed the issue more broadly; it was
not strictly an issue of licensing and fishing seasons, but rather one with
legitimate competing and arguably incompatible views among stakeholders.

In the case of ambiguous risks, there is little disagreement on the data;
there is disagreement, however, on what the data mean. How the risk is
framed is a key consideration when responding to an ambiguous risk. For
this type of risk, broad consultation is important and solutions can some-
times be only provisional until more reliable data become available.

In sum, when modeling the risks, how the risk is framed (or characterized)
is important, as is the process stakeholders establish to resolve conflicts and
arrive at a stable solution. Such risks can frequently pit one group against
another and can include extreme reactions by ideologically driven groups.
Risk modeling alone will not solve this problem. Solutions rely on model-
ing coupled with political bargaining between stakeholders and trade-offs
between different risks. The process should involve agency staff, industry,
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and stakeholders, and awareness, if not explicit support, from the general
public. If there is broad-based consensus that competing groups have legit-
imate claims, then risk governance processes normally proceed with cau-
tion and continue to gather information until a resolution can be achieved.
Provisional solutions are put in place. Like uncertain risks, ambiguous risks
can easily default into the precautionary principle. This approach is not
without controversy, as will be discussed further in the discussion section.
Figure 5.2 summarizes the stages at which policy makers should spend more
time when examining a specific type of risk.

5.4 Discussion and Conclusion

In complex situations and environments (such as the coastal zone), it is
important to understand as much as we can about the risks involved with
human activities and natural events, and to improve our level of knowledge.
Such efforts can help minimize social and economic disruption and increase
opportunity. The IRGC framework and its classifications are useful. The sim-
ple, complex, uncertain, and ambiguous classifications help us to be more
efficient in our analysis, process, and words (see Table 5.1).

Simple risks generate reliable data that help to inform our view about the
risk; we can be more confident about the extent to which the threat will mate-
rialize and the consequences of that threat. As a result, when considering a
simple risk, the discussion between policy makers and scientists is largely
instrumental; market failure logic and limiting government intervention (to
that which is optimal in market terms) can be a helpful way to develop a
regulatory approach. Alas, governments rarely find themselves dealing with
simple risks, or if they do, it is rarely the stuff of headlines, debate, or politi-
cal consequence. Rather, governments find themselves drawn much more
often into debates about complex risks, and indeed, the even more conten-
tious uncertain and ambiguous risks.

Complex risks depend largely on expert opinion and formal modeling.
Formal models help to explain in rational terms the interactions between
many variables; they can help concentrate the best minds in a particular field
on technical challenges that can bring about significant achievements; tech-
nical risks associated with space travel, the power grid, and the Internet can
be described as complex risks. Expert processes can also allow us to focus
on the existing data, however imperfect, and in so doing, increase transpar-
ency and remove the politics and sometimes petty negotiations. Complex
risk problems are the domain of scientists, or medics; these professions are
trusted more than most (Canadian Pharmacists Association 2009) and, there-
fore, the solutions they generate offer a better opportunity for acceptance
from the community at large.
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TABLE 5.1
Risk Management and Stakeholder Involvement
Risk
Problem Simple Complex Uncertain Ambiguous
Example Shrimp Offshore oil Port security Aboriginal fishing
fishery and gas rights
exploration
Type of Instrumental ~ Epistemological Reflective Participative
discourse
Actors e Agency * Agency o Agency staff * Agency staff
staff staff ¢ External e External
¢ External * External experts experts
experts experts e Stakeholders e Stakeholders
¢ Industry ¢ Industry
® Directly  Directly
affected affected
groups groups
* General
public
Type of Cognitive Cognitive Cognitive
conflict Evaluative Evaluative
Normative
Remedy Statistical risk ~ Probabilistic Risk balancing Risk trade-off
analysis risk modeling necessary analysis and
* Probabilistic deliberation
risk necessary
modeling ® Risk balancing

¢ Probabilistic
risk modeling

Source: Adapted from Renn, O. 2006. Risk governance: Towards an integrative approach.
White Paper No. 1. Geneva: International Risk Governance Council.

Formal models, the tools of the experts, have important limitations. From
a normative standpoint, formal models embed key assumptions. To start,
we assume complex technological and ecological systems are accessible to
detailed human comprehension and that a reductionist approach is the best
way to understand these systems (Jaeger et al. 2001, p. 91). Formal models can
sometimes completely overlook important social, and even moral, consider-
ations. We saw the failure to take broader social concerns into account in the
Deepwater Horizon event.

While social concern is part of risk appraisal, complex risks tend to overem-
phasize the perspectives of the experts. People often have blind faith in numer-
ical analysis and computer models; these processes, however, are subject to
bias and can manipulate information through the manner in which data are
presented (Jaeger et al. 2001, pp. 81-82). Experts need to show humility, recog-
nize the limitations to their models, the contexts in which decisions are made,
the privileged position they hold, and the consequences of bad advice. The risk
management plan must also have a degree of robustness, lest the system fail.
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Finally, while formal models offer the hope of transparency, rigorous
analysis, and optimal outcomes, the models fail to include the more sub-
tle dynamics in decision-making, such as strategic reasoning, power plays,
interests, and institutional responses (Jaeger et al. 2001, p. 82). In this sense,
models offer important insights but do not provide a full account of decision-
making. Dietz and Stern (1995) note, for example, that relatively complex
mathematics does not correspond with what we know about human behav-
ior with respect to decision-making. People are good at pattern recognition,
classification, and applying rules of thumb; this undermines the usefulness
of the model altogether and frustrates the experts who developed the model
with the intention of reducing the influence of seemingly irrational human
behaviors. This gap between the scientists and the lay people, including
policy makers, aggravates everyone and threatens to undermine the legiti-
macy of each group from the other’s point of view.

As we move along the continuum to uncertain and ambiguous risks, the
data become even more unreliable and contested. The IRGC framework rec-
ommends a precautionary approach. The precautionary principle should
be limited to catastrophic and irreversible events and even then should be
applied with care (Sunstein 2009). There are risks on both sides of any equa-
tion. There are risks if one acts, just as there are risks if one does not. Too
often, advocates of the precautionary principle narrow their examination
too quickly and neglect to consider the trade-offs and opportunity costs that
must be considered in any risk management plan. Kheifets et al. (2001) found
considerable variation in the manner in which the precautionary principle
is used and the concept is deployed in practice. For example, the strength
of evidence required to justify action under the precautionary principle can
vary. The principle may be adopted (1) when there is “sufficient evidence”
that an action or substance is harmful; (2) when there is no conclusive sci-
entific proof one way or the other; or (3) when the substance or action has
been suggested as a possible cause of harm (Kheifets et al. 2001). The neces-
sary action can also vary. Definitions of the precautionary principle (see also
Chapters 2 and 19 in this volume) imply a wide range of actions that should
be taken, once the strength of evidence requirement has been satisfied. These
actions range from (1) prevention or elimination of exposure to (2) adoption
of cost-effective action, or (3) mere consideration of action (Kheifets et al.
2001). Another important variable is who bears the burden of proof: (1) the
opponents of a possibly harmful action, or (2) the proponents of a possibly
harmful action (Kheifets et al. 2001).

When we consider uncertain risks, we need to have a focused discussion
about risk trade-offs and how much protection is too much. The likelihood
of a terrorist attack at a port is low, but the consequences socially and eco-
nomically can be significant. Private industry—the owners and operators of
most critical infrastructure—is also unlikely to take the possibility of such
an attack seriously; it does not make sense from a business standpoint. In
such a case, a degree of resilience—a capacity to bounce back—must be built



120 Effective Coastal and Ocean Management

into the risk management process. Public engagement is also necessary; if
data are unreliable, it is important for policies to be generally supported by
the community.

Indeed, as we consider uncertain and ambiguous risks, engagement with
those external to the agency becomes an important part of the risk gover-
nance process. Commentators have raised questions about the extent to
which the IRGC framework, in its effort to make the process more accessible,
makes the process vulnerable to lobbying (Tait 2008). This is a concern with
ambiguous risks, in particular, where there are competing and legitimate
views. Fairness becomes an important consideration.

Despite the controversy over lobbying, political scientists have largely
been silent on the question of risk governance. This is surprising. Political
scientists can help to sharpen our focus on interest group dynamics. Wilson
(1980), for example, describes different degrees of power and influence
in lobbying. Client politics is typically the preferred position for interest
groups: the benefits are concentrated among specific groups and the costs
are shared by many, thereby making the cost for any specific group small.
As a result, the opposition is largely indifferent and ineffective. Client poli-
tics normally describes the dynamics at play with large, powerful, orga-
nized, and well-funded interests with privileged access to policy makers.
The offshore oil-drilling industry exemplifies client politics, as became
apparent following the Deepwater Horizon disaster. Industry frequently
received privileged access to decision makers, and drilling usually trumped
environmental concerns (Davenport 2015; Kusnetz 2014). In the case of inter-
est group politics, in contrast, costs and benefits are concentrated among
different groups; in other words, one group is trying to secure the benefits
at the other’s expense. This is obviously a dynamic that leads to more con-
flict. The Aboriginal fishing rights example noted above exemplifies this
dynamic. Aboriginal and non-Aboriginal fishers each sought benefits at the
other’s expense.

While the process articulated in the IRGC framework can be useful, the
interactions between lobbyists and policy makers must be appropriate. The
process must seek to establish trust among the stakeholders and the com-
munity at large. Peters et al. (1997) identified three dimensions that generate
trust: (1) knowledge and expertise, (2) care and concern, and (3) openness
and honesty. When we are dealing with client politics, for example, trust
in the process can be enhanced by increasing transparency in the decision-
making process, creating sufficient distance between industry and policy
makers, ensuring adequate expertise within government offices to chal-
lenge industry, empowering third party oversight, and providing access to
legitimate groups that are concerned about the consequences of these events
(such as environmental NGOs; see Chapter 18 in this volume). In interest
group politics, trust can be increased in largely the same way, however, those
responsible for the risk governance process must ensure that all parties have
adequate support to represent and defend themselves. There may also be a
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need for a short- and medium-term transition plan as resources are shifted
from one group to another.

Over the past two decades, numerous risk governance frameworks have
taken a more holistic approach to managing risk by incorporating contribu-
tions from several disciplines. These risk governance frameworks go well
beyond simple risk calculations by signaling the importance of perception,
process, and social context. Many of the assumptions about the nature of
knowledge and human nature within these academic disciplines are fun-
damentally at odds. As a result, there will always be a tension at the heart
of these models. They are roadmaps with signposts, not perfect solutions.
As this chapter has shown, the risk models can be very helpful as decision
makers deal with information and possibly competing issues in ocean and
coastal management.
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6.1 Introduction

Fisheries as well as long distance and overseas transport of goods and peo-
ple have been key economic sectors for coastal nations for several centuries,
even millennia. More recently, economic activities at sea have expanded
exponentially, not only in these two sectors but in a broad range of economic
domains, including mining of sand and gravel; exploitation of oil, gas, and
other natural resources; energy production through offshore wind arrays
and other forms of so-called ocean energy; tourism; and coastal or sea-based
aquaculture (mariculture) (e.g.,, Young et al. 2007). It is widely acknowledged
that the seas and oceans are currently at environmental risk through the
(cumulative) effects of these—and numerous land-based—economic expan-
sions (Crowder and Norse 2008; Halpern et al. 2008; Worm et al. 2006). With
these competing claims and increasing pressure on the marine ecosystem,
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environmental issues and nature protection moved up the public and politi-
cal agendas of nation-states, international organizations, civil society, and
lately even economic actors (e.g., World Ocean Council 2014a,b).

Although the three-dimensional nature of sea protection and the fact that
resources, activities, and pollution are often a moving target in such a liquid
environment and are complicating characteristics, these can to a certain extent
be found on land, too, for instance with respect to governing air pollution, fresh-
water deterioration, or car mobility flows (Mol and Spaargaren 2005). Whether
at sea or on land, the governance of environmental flows fits in well with Ulrich
Beck’s (1986, 2009) ideas about a risk society. The risk society thesis relates to ways
of dealing with risks in today’s world, and implies that we face risks that are
inherently part of and produced by human activities, rather than being exposed
to problems induced by external forces. The question of who decides about risks,
and about measures for risk minimization or adaptation, are often difficult to
answer and therefore a topic of continuous debate (see Chapter 5 in this vol-
ume). However, the governance of risks and environmental problems relating
to oceans and seas is markedly different from the environmental protection of
land because of the distinctive sovereignty challenge: nation-states have decreas-
ing authority the farther one moves offshore (Burn et al. 2015; Suarez-de Vivero
2013). Also, the sea is special compared to land in that much of the environmen-
tal deterioration happens out of direct experience and sight. To define (and rede-
fine) risk management in the marine environment, we depend on observations
and experiences intermediated by technology and experts, rather than relying
on our own senses. Hence, Beck’s notion of “expropriation of the senses” in a
risk society has an additional dimension at sea (Beck 2009, p.116).

Information is arguably important in governing marine environmental
protection, even more than compared to terrestrial environmental protec-
tion, for two main reasons. First, due to the limited state authority regard-
ing major parts of the oceans, we witness a stronger reliance on non-state
actors in environmental protection activities. While governance, defined as
processes of decision-making and steering, is traditionally associated with
governmental authority, this so-called governance-by-government is now best
seen as one, albeit important, way of steering (Kooiman 2003). Well-known
examples of marine governance by non-state actors are self-governance
initiatives through voluntary sector-wide agreements from fisheries (Gray
2005), shipping (DeSombre 2006), and oil and gas production industries (Van
Leeuwen 2010). Moreover, nongovernmental organizations (NGOs) also take
up governance tasks by pushing sectors to act more sustainably. It is now
commonly understood that these non-state forms of environmental gover-
nance (often labeled private governance, e.g., Pattberg 2007; Tysiachniouk
2012) rely on information resources considerably, especially at sea. Whether
or not information is used only to spin a sustainable image (so-called green
washing), both market parties and NGOs widely use information in order to
substantiate, accept, and communicate the ecological rationality of proposed
private governance measures, as well as to ensure and check compliance.
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The second reason for the importance of information in marine governance
is that detecting and monitoring environmental deterioration in the oceans
requires different information systems and practices when compared to ter-
restrial environmental protection. Deterioration of the marine environment
is not easily sensed by citizens and communities, as they do not experi-
ence or easily consider the oceans as their heimat or backyard (Toonen and
Lindeboom 2015). Even though sea-faring users, fishermen in particular, are
known and renowned for their rich knowledge of the marine environment,
their perceptions can result in overlooking or misunderstanding environ-
mental conditions in their noticing/assessing fish stock depletion, discharge
of ballast water, oil leakage, and biodiversity decrease (Verweij et al. 2010).
Technologically advanced monitoring and information systems are needed
even more if we want to trace back to the economic actors who caused the
deterioration.

For two decades, scholars have investigated environmental governance
through information, often labeled informational regulation or informa-
tional governance. In informational governance of the environment, the
disclosure and use of environmental information (through labels, product
information systems, certification, bench marking, company environmental
reporting, pollutant registries, sustainability rankings, etc.) are considered
the main mechanism for (re)directing behavioral changes, rather than direct
state regulation (e.g., environmental laws, licenses, state enforcement) or mar-
ket incentives (e.g., subsidies, levies, payment for environmental services)
(Mol 2006, 2008). Because governance through information is not exclusively
linked to governments, but well suited to steering by non-state actors, one
could expect that forms of informational governance will also—or perhaps
even especially—prevail at sea.

This chapter explores the current practices, experiences, and future outlook
of informational governance of marine resources. We start with theorizing
informational governance (Section 6.2). Subsequently, we analyze the func-
tion and prevalence of informational governance in three marine sectors:
fishing, shipping, and tourism (Sections 6.3, 6.4, and 6.5). After comparing
the three sectors on prevalence, practices, and challenges of informational
governance (Section 6.6), we reflect on the contribution of these sector-
based informational governance systems to integrated ecosystem-based
approaches in marine governance.

6.2 Environmental Governance through Information
6.2.1 Informational Governance

It is only since the mid-1990s that information disclosure, right-to-know,
company environmental reporting, pollution release and transfer registers,
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sustainability rankings, and informational labels and certifications have
been interpreted as making a major contribution to new forms of environ-
mental governance (Karkkainen 2001; Mol 2006; Stewart 2001). In the legal,
economic, and sociological international literature, the influence of the wider
production and availability of environmental information on environmental
regulatory and governance processes has been brought together under the
notion of informational regulation or informational governance (Case 2001;
Cohen 2000; Kleindorfer and Orts 1999; Konar and Cohen 1997; Mol 2008;
Tietenberg 1998). The concept of informational governance, as we draw on
in this chapter, refers to the idea that information (and informational pro-
cesses, systems, technologies, institutions, and resources linked to it) is fun-
damentally changing processes, institutions, and practices of governance,
thus making them essentially different from conventional modes of gover-
nance (Mol 2006, 2008). Conventional regulation and governance rely heavily
on authoritative resources, belief in information control, and state power. In
informational governance, information is becoming a crucial (re)source with
transformative powers for a variety of actors, although nobody is in full con-
trol of the collection, verification, and use of information.

Information has been part of environmental governance since its estab-
lishment in the 1960s. In conventional regulatory systems, state authorities
rely on state-run, expert-led, and (natural) science-based monitoring systems
to see whether, where, and when state regulation is effective, enforcement
needs to be intensified, and policies have to be adapted. However, in infor-
mational governance, new information systems and mechanisms as well as
mandatory or voluntary information disclosure stimulate new governance
and enforcement practices and dynamics. What makes information gover-
nance arrangements different from conventional regulatory governance is
that information itself starts to become a constituting and transformative
force in environmental governance instead of just being an enabling condi-
tion for formulating, implementing, and monitoring state policies. Moreover,
while scientific information (central in conventional state governance) con-
tinues to play an important role in this governance through information, it
is often blended with information from practitioners, local experts, citizen-
consumers, and the media. Marine governance witnesses many examples
of mixing different kinds of informational sources, for instance, the joint
fact-finding and inclusion of scientific and stakeholder knowledge in fisher-
ies management (e.g., Holm 2002; Toonen and Mol 2013; Verweij et al. 2010;
Wilson 2009).

Information disclosure to competitors, chain actors, customers, the state,
consumers, and the public at large is then to be understood as an act of gov-
ernance and an enforcement mechanism supports and complements (and
in specific cases even replaces) conventional governance and enforcement
via the state. Polluters feel motivated and/or forced to clean up in order to
safeguard reputation and markets. But informational governance moves
beyond disclosure of polluters. State agencies, international organizations,
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companies, utilities, NGOs, retailers, consumers, and the like govern—
and are being governed—through the production, use, release, framing,
accessibility, demand, and verification/certification of information. These
forms of informational governance prevail especially in contexts where
conventional nation-state governance is not considered adequate, effec-
tive, or desirable (e.g., where governance responsibilities are shifted to
self-governing communities, or governance transcends the nation-state
and becomes international/global, as in the case of marine environmen-
tal protection). According to Graham (2002), mandatory and voluntary
disclosure strategies differ in three ways from conventional governmen-
tal environmental policies. First, these strategies influence environmen-
tal risks not through legislative or regulatory processes by the state, but
through non-state (thus, societal and market) pressure. Information then
becomes the main tool to affect others, such as the public in their capac-
ity of citizens and/or consumers, or chain partners, in order to achieve
behavioral change of polluters. Second, the regulators are not only gov-
ernments; numerous non-state actors who are empowered by knowledge
and information also attempt to influence the purchasing of products and
services, credits and investments, handing out insurances, voting, collec-
tive actions, and so on. Third, these systems extend beyond the reach of
the government and beyond national boundaries, and thus have competi-
tive governance strengths beyond sovereign territories and an interna-
tional outreach.

6.2.2 Challenges of Informational Governance

Informational governance is articulated as a relatively new phenomenon
of how actors aim to govern the environment under conditions of global-
ization and the Information Age (the centralization of digitalization/com-
puterization in all aspects of societal development, Castells 1996/1997; Mol
2008). Informational governance emerged relatively recently, but its pres-
ence is not equally distributed over all environmental issues and places/
countries. Moreover, informational governance should not be understood
as a better form of governance compared to conventional or other forms
of environmental governance. Informational governance has no overall
normative preference. The emergence of informational governance raises
a number of questions and challenges, of which the most important ones
are (Esty 2004; Fung et al. 2007; Gupta and Mason 2014; Howes 2002; Mol
2006, 2009)

1. Governing through information works only under certain condi-
tions: when information becomes freely available and widely acces-
sible, and when actors, practices, and markets are responsive to
disclosed environmental information. This is not always and every-
where the case.



130 Effective Coastal and Ocean Management

2. The collection, distribution, and access to data and information for
informational governance are related to power. Hence, some actors,
countries, and regions with poor information production and access
capacities are disadvantaged, resulting in mechanisms of inclusion
and exclusion. Hence, we partly witness new forms of inequalities,
and partly the strengthening of existing forms of inequality in envi-
ronmental governance.

3. Science is no longer the only information provider (see Chapter 10
in this volume). With multiple information producers and distrib-
uters of different kinds, it is essential to safeguard the quality and
credibility of information and data for the quality of informational
governance. How to ensure high quality and credibility of informa-
tion, how to make high-quality data and information more influ-
ential and ensure delegitimizing of low-quality data, and how to
prevent information quality requirements that block data disclosure
are important questions. With the sharp increase of information
availability on the Internet, reliability of and trust in information
comes increasingly with reliability of and trust in information pro-
viders, whereby reputation and reputational capital are becoming
crucial resources.

4. Governance through information runs against the danger of infor-
mational overflow: there is a risk in producing and distributing too
much (contrasting) information so that information loses its power
as it becomes impossible to distinguish true from false information.
This “drowning in information” reduces the usefulness and steer-
ing capacity of information disclosure. Informational overflow is
not only a negative side effect but can be—and is—also constituted
strategically and purposefully, to ensure informational governance
failure.

Hence, what we see is that conflicts about protecting the (marine) environ-
ment are partly relocated to the information scape, where different actors try
to obtain favorable information power positions. Eco-labelling, certification,
green standards and classifications, benchmarking, sustainability rankings,
and other informational instruments are not so much the result of scientific
calculations presented in a neutral way, but are powerful acts of governance
that come with major controversies.

6.2.3 Assessing Informational Governance in Marine Management

Informational governance works primarily through the disclosure of infor-
mation on specific actors and practices. The most well-known and well-
studied terrestrial forms of informational governance are related to major
industrial polluters, financial investors, energy and other utility companies,
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agricultural food producers and food chains, and the like (e.g., Gupta and
Mason 2014; Mol 2010; Zhang et al. 2016). In order to gain a better insight
in the prevalence, strengths and weaknesses, and future of informational
governance in the oceans, we have selected three marine sectors to be ana-
lyzed on their actual and potential informational governance practices at
sea: fishing, shipping, and tourism. To what extent do we see informational
governance arrangements regarding these sectors, and what form do these
arrangements take? Do actors and activities involved in environmental dis-
ruptions at sea change their behavior/practices when they are confronted
with such informational governance arrangements? Why, how, and to what
extent do they do that, and does that also have possible negative or contro-
versial side effects?

Our assessment on informational governance initiatives and arrange-
ments is based on earlier marine research by us and our colleagues at the
Environmental Policy Group (Wageningen University), as well as a further
(primary and secondary) literature review. We mainly focus on a qualita-
tive assessment of informational governance, as quantitative data are hardly
available and difficult to compare (for illustrative purposes, we present some
numbers in Tables 6.1 through 6.3; however, this is based on information
provided by the organizations themselves, because independent sources
about performance are lacking). Our emphasis in this chapter is on so-called
third-party verification. Third-party verification of labeling, certifications,
benchmarks, sustainability rankings, emission disclosures, wallet cards, and
the like is carried out by an (often accredited) auditing organization inde-
pendent from the value chain. Modes of informational governance can also
include first-party assessments (hence, self-assessments or self-disclosure of
environmental information) and second-party verification (actors within the
production chain are auditing and certifying their chain partners). However,
discussions about credibility of information providers and users (a main
theme in this edited volume) are more self-evident in first- and second-party
assessments than in third-party verification.

6.3 Certifications and Seafood Guides in Sustainable Fisheries

In line with the growing realization that many environmental issues are
global challenges, attention to the well-being of the world’s oceans mounted
in the 1980s. Overfishing in particular became a top priority on the sustain-
ability agenda because fishery efforts and effectiveness increased substan-
tially, due to improved gear and technologies (Dayton et al. 1995; Pauly et al.
2005; Worm et al. 2006). Upscaling in fisheries also led to more damage to, and
even destruction of, habitats and benthic communities (Dayton et al. 1995).
Moreover, Lewison et al. (2004) showed a significant increase of (incidental)
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