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Foreword

Global change, including climate change, presents one of the greatest challenges
facing the world today. It is affecting food, water and human security as well as
biodiversity and ecosystems and their services, with developing countries and poor
people being the most vulnerable. Nowhere are the pressures of global change more
evident than along our coastlines, where an ever-increasing number of people live.
Hundreds of millions of people are threatened by rising sea levels and storm surges,
especially those living in deltaic areas, such as Bangladesh; low-lying small island
states, such as Kiribati; and cities sinking due to excessive groundwater extraction,
such as Bangkok. Even rich cities such as New York are not immune to flooding as
witnessed with Hurricane Sandy.

The systems approach that the Tyndall Centre researchers describe in this book
has developed an appropriate conceptual framework for integrated coastal assess-
ment at the scales of coastal management. It has enabled them to answer previously
intractable questions about how climate change interacts with changing coastal sys-
tems. Whilst the work focussed upon North Norfolk in the East of England, the
methods and insights are generic and potentially transferable to other coastlines
around the UK and the world.

Coasts are complex systems that evolve over a range of time and space scales.
Marine climate, beaches, cliffs, farmland, urban areas, erosion and flood protection
infrastructure change over timescales of decades, so we need to understand the
implications of those changes and start to prepare for them to avoid being burdened
with long-term problems. This research recognised that coastlines are embedded
within wider socio-economic and environmental systems and sought to understand
the implications of climate, socio-economics and coastal management policy as
drivers of long-term change. The Tyndall Coastal Simulator simulates the interac-
tions between these processes in order to develop scenarios of change at spatial
scales of relevance to coastal decision-makers.

Coastal governance is also a key issue as it is complex and involves multiple
actors. By mapping out the process of long-term change, the Tyndall Coastal
Simulator can help assess the potential effectiveness of policy instruments and their
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implications in terms of a range of different issues, including erosion, flooding
and biodiversity.

Central to the success of the Tyndall Centre’s holistic and policy-relevant
approach has been the transdisciplinary nature of the research. This engaged a range
of relevant stakeholders, including national and local government, the private sector
and members of the public, in co-developing the research programme in order to
address the full range of societal issues and concerns. This research showed that
integrated modelling, as delivered by the Tyndall Coastal Simulator, can help to
bring different stakeholders together in order to develop common understanding of
processes and consequences of long-term change. That collective understanding is
essential if society is to manage coastal change rather than become its victims.

There is no doubt that this work has broken new ground in terms of transdisci-
plinary climate change research by demonstrating that individual academic disci-
plines can advance the state of their art whilst importantly addressing questions of
relevance to society that cut across these disciplines. The importance of the work
was recognised by industry when an earlier synthesis paper (Dawson et al. 2009,
included in Chap. 1 of this book) won the Lloyd’s Science of Risk Prize in 2012.

Whilst significant advances have been made, inevitably a host of challenges and
scientific uncertainties remain, and so I am pleased to see the Tyndall team reflect
on these issues with practitioners and international experts in the final two chapters
of this book. Not only does this offer a manifesto for an international research
agenda but also a framework/demonstration of how interdisciplinary research
should be conducted in international programmes such as the recently launched
ICSU/ISSC Future Earth programme. That, however, is for the future. The purpose
of this book is to summarise the results from eight years of Tyndall Centre
research, which has significantly advanced our understanding of climate change and
coastal systems.

Tyndall Centre Bob Watson
University of East Anglia

Norwich, UK

Monash University Louis Matheson

Melbourne, VIC, Australia
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Preface

Coastal scientists, engineers and policy makers around the world are increasingly
recognising the challenge of sustainable coastal management in the third millennium.
Long-term geomorphological, climatic and socio-economic changes are influencing
coastal systems at unprecedented spatial scales and over extended timeframes —
with profound implications for people, coastal infrastructure and settlements,
biodiversity, ecosystem services and governance of the coastal zone.

Coastal researchers and decision-makers are presently ill-equipped to deal with
the problems emerging from multiple drivers of change across multiple coastal
sectors. This reflects that the coast is a linked system, and any change in one area or
sector may influence the impacts for other areas or sectors. An integrated systems-
based approach that seeks to represent the interactions between different issues
within the coastal zone is fundamental to understanding the impact of global change
on coastlines and to assist the sustainable management of our shorelines over the
twenty-first century.

In 2000, the Tyndall Centre for Climate Change Research, an interdisciplinary
consortium of engineers, scientists and social scientists, was established in the
UK. This provided a unique platform to develop a coastal research programme with
a major focus on an integrated assessment — this became known as the Tyndall
Coastal Simulator — and is now reported in full, for the first time, in this book.
An earlier synthesis paper from this research by Dawson et al. (2009) (included
within Chap. 1 of this book) won the Lloyd’s Science of Risk Research Prize for
Climate Change in 2012.

However, there are already a number of books on coastal management, so why
might we need another one? Whilst this is certainly a valid question, this book is not
a handbook for design, nor is it a compendium of methods that cover every aspect
of coastal systems or a compilation of case studies with differing aims. Rather it is
a perspective on integrated assessment as applied to coastal problems, which repre-
sents a topic where there is an important gap in the literature. This book is structured
as follows: Chapter 1 expands upon the challenges of sustainable coastal management
and provides an overview of the integrated assessment for the core case study site in
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North Norfolk in England. Chapters 2 and 3 describe how global changes in marine
climate may alter future sea level, storm surge and offshore wave conditions around
the British Isles and especially North Norfolk. Similarly, Chap. 4 quantifies the
effects of global and local socio-economic drivers on changes to land use and
development in the East of England. The following five chapters consider a range of
impacts associated with the climatic and socio-economic changes considered above.
Chapter 5 analyses broadscale geomorphic change in the region and Chap. 6 analyses
habitat degradation and loss. Chapter 9 brings together the cliff erosion and flood
modelling in Chaps. 7 and 8, respectively, to evaluate future erosion and flood risks
in terms of expected economic damages under different climatic, socio-economic
and management scenarios. Central to the success of this programme was compre-
hensive engagement with stakeholders. Chapters 10 and 11 describe the visualisa-
tion techniques and graphical user interface used to present results in an interactive
manner to stakeholders, whilst Chap. 12 considers current decision-making processes
and how the management of transitions in the coastal zone could be more adaptive
and equitable and effectively implemented. The final two chapters of the book
reflect on the key findings of the research, describe a general framework for
transferring the Tyndall Coastal Simulator and identify future research priorities for
integrated assessment in the coastal zone. This includes reflection on the range of
coastal problems across the globe.

Each chapter could be read in isolation, but distinctive to other books on coastal
management, each chapter also contributes to the wider integrated assessment.
Throughout the book, we reflect on the process of integrating information on the
different environmental, social and economic dimensions of coastal management.

Taking a systems perspective of the natural, physical and social environment at a
scale that is relevant to livelihoods and the economy has enabled us to analyse how
the coastal system as a whole might evolve in a changing physical and socio-
economic environment. The application of the Tyndall Coastal Simulator to North
Norfolk, UK, demonstrates that it is now feasible to explore long-term integrated
projections of coastal processes such as geomorphology, flood risk and land use
change, greatly increasing the evidence base available for coastal management deci-
sions. Moreover, the methods and integrated assessment framework are transferable
to other coastal areas.

The integrated assessment presented here has highlighted a number of the oppor-
tunities, challenges and trade-offs and the need for a long-term perspective on
coastal policy in order to allow adaptation to coastal change to occur, for example,
the difficulties faced by coastal managers, who in reducing the risk of erosion may
actually enhance flood risk (or the cost and viability of mitigating this risk) at sites
within the same coastal system. Such results were captured within the Tyndall
Coastal Simulator interface allowing the technical results to be accessible to a wide
range of stakeholders.

It is now clear that the management of any coastline and the governance struc-
tures upon which that management depends need to reflect the connectivity between
the various coastal features that comprise the natural and human coastal system and
consequential trade-offs in management policy. Furthermore, the Norfolk analysis
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Preface ix

relates the technical aspects of coastal change to the present, and often emotive,
debate around long-term shoreline management — in particular it strengthens the
argument for a change in the widespread historic management approach of increas-
ing lengths of “hold the line” towards allowing as much of the coastline as possible
to return to a more natural and dynamic configuration, including the associated sedi-
ment supply from eroding coasts. Inevitably, this raises a number of fundamental
questions from stakeholders, which we have explored through using results from
the Tyndall Coastal Simulator, about how to address the concerns of directly and
indirectly affected landowners and householders to facilitate this fundamental
change in management approach.

More generally, the work presented here shows that there is great potential for
coastal stakeholders to develop improved understanding of coastal futures and for
decisions to be based on a stronger evidence base. However, our integrated analysis
exposed the magnitude of many uncertainties about coastal futures, and so in the
context of adaptation, although the broadscale coastal simulation of the type presented
here can provide a rich evidence base, it should be regularly reassessed, debated and
reviewed as part of an ongoing process to reflect improving knowledge and changing
priorities. Thus, we believe the Tyndall Coastal Simulator and tools like it have the
potential to provide a platform for the longer-term adaptation process.

Southampton, UK Robert J. Nicholls
Newcastle upon Tyne, UK Richard J. Dawson
Southampton, UK Sophie A. Day (née Nicholson-Cole)
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