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What is the appropriate behavior for a man or
a woman in the midst of this world, where each
person is clinging to his piece of debris? What's the
proper salutation between people as they pass each
other in this flood?

Buddha (c¢. 563-483 BC)

There is a tide in the affairs of men, which .
taken at the flood , leads on to fortune... . we must
take the current when it serves, or lose our ven-
tures .

William Shakespeare (1564—1616)

There can be no vulnerability without risk ;
there can be no community without vulnerability ;
there can be no peace, and ultimately no life,
without community .

M. Scott Peck (1936-—2005)

Decision is a risk rooted in the courage of being
free.
Paul Tillich (1886—1965)
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Almost every day, many people are affected by
flooding. In 2011, cyclones and heavy monsoon rains
triggered unusually severe seasonal flooding across Southeast
Asia, affecting many nations including Thailand. The major
floods in Bangkok had. by midDecember. killed at least 675
people and caused major economic impacts. In the fall 2011,
there were also floods in Colombia, Australia, Kenya, and
other places. Hydrologic disasters, dominantly floods but
also including wet mass movements (mud slides), are
responsible for just more than half of all the disasters in the
period 2000-—2010. During this period, these events killed,
on average, more than 5,000 people per year with the total
affected being about 100 million people. The total affected is
the sum of injured, homeless, and people requiring
immediate assistance during a period of emergency. Annual
damage costs are about US $20 billion.

M. Wahlstrom, the United Nations Assistant Secretary-
General for Disaster Risk Reduction. stated. “Over the last
two decades (1988—2007), 76% of all disaster events were
hydrological, meteorological or climatological in nature:
these accounted for 45% of the deaths and 79% of the
cconomic losses caused by natural hazards.” She concluded
her statement with: “The real tragedy is that many of these
deaths can be avoided.” This book on flood risk
management, by Professor Slobodan Simonovic, is about
actions that can be taken to anticipate and prevent or
mitigate harms that may be avoidable and reduce the number
of deaths and lower the socio — economic impacts.

Although the impacts of a flood are usually less than an
carthquake, floods occur more often. Meteorological events,
such as storms. the next most common. occur less than half
as often. Both are part of what we can call the climate
system, and this book is addressing flood risk management in
the context of climate change. In 2009, world leaders at the
United Nations Climate Change Conference agreed to the
Copenhagen Accord, which states in the opening paragraph:
“We underline that climate change is one of the greatest
challenges of our time... . We recognize the critical impacts
of climate change and the potential impacts of response
measures on countries particularly vulnerable to its adverse
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effects and stress the need to establish a comprehensive
adaptation programme including international support.
Since climate change adaptation is “the adjustment in natural

”

or human systems in response to actual or expected climatic
stimuli or their effects, which moderates harm or exploits
beneficial opportunities,” this book deals with how to
moderate harm or specifically reduce flooding risk. Chapter 6
specifically addresses future perspectives in a changing cli-
mate.

In November 2011, governments approved the Summary
for Policy Makers of the Intergovernmental Panel on Climate
Change Special Report on Managing the Risks of Extreme
Events and Disasters to Advance Climate Change
Adaptation. The Summary for Policy Makers includes the
statement: “ A changing climate leads to changes in the
frequency. intensity. spatial extent, duration, and timing of
extreme weather and climate events, and can result in un-
precedented extreme weather and climate events.” The
Special Report specifically concluded: “It is likely that the
frequency of heavy precipitation or the proportion of total
rainfall from heavy falls will increase in the 21st century over
many areas of the globe.” The Special Report states that the
changes in projected precipitation and temperature changes
imply possible changes in floods, but notes that there is low
confidence in projections of changes in fluvial floods due to
the limited evidence and because the causes of regional
changes are complex. This book is addressing those
relationships so with further studies based on these principles
the evidence should become clearer in the future.

This book provides methods and approaches to reduce
the impacts of floods that have for millennia been affecting
people around the world and usually most on those most vul-
nerable. Now through the actions of people collectively, and
specifically mostly those in developing countries. the
atmospheric greenhouse gas concentrations have increased
and are changing the climate. With that climate change there
will be more intense precipitation events and warmer
temperatures which based on physical logic implies more
flooding events. Hence, the impacts on the vulnerable will
increase more and raise the need for actions. Among those
actions needed is the reduction of risk of flooding and that is

the topic addressed in this important and timely book.

Dr. Gordon McBean, C.M., O. Ont.., FRSC
President 1CSU

University of Western Ontario

London, Ontario, Canada December 2011
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Climate change is undoubtedly one of the most pressing
issues facing society today and the potential impacts of
climate change are currently a prime concern for water
resource professionals. The possible impacts of climate
change have the potential to dramatically alter the temporal
and spatial distribution and availability of water on the
Earth’s surface with consequences that could be disastrous.
Furthermore. climate change could, paradoxically, lead to
both more frequent and severe drought conditions and
flooding events that are of greater frequency and magnitude.
In this book. Professor Slobodan Simonovic addresses the
potential impacts of increases in flood event magnitude and
frequency through a comprehensive analysis of the interplay
between climate change and flooding conditions with a
particular focus on the role of the management of flood risk.

Professor Simonovic has had a distinguished career as a
water’ professional, consultant., educator. and researcher. 1
first met Slobodan more than 25 years ago when we were
both faculty members at the University of Manitoba in
Winnipeg, Manitoba, Canada. Through collaboration on
research and consulting projects | came to appreciate the
wealth of knowledge that he brings to his professional
activities. Towards the end of our time in Winnipeg, we
were both involved in different aspects of the Red River
Flood of 1997, the so-called “Flood of the Century”, in the
Red River valley. a flood-prone area of Canada and the
United States. Slobodan’s involvement with this major flood
event, and its aftermath, is but one of many examples of the
practical expertise that he brings to the writing of this
important and timely book. We frequently hear reports in
the media of devastating flooding events. in various parts of
the world, of seemingly unprecedented scope. geographic
There often follows natural
speculation that the occurrence of such a flooding event. or
events. must be further evidence of the impacts of climate
change. This book helps to make sense of these events and
provides the water professional with important tools to cope
with the impacts of increases in the frequency and magnitude

extent. and magnitude.

of flooding events and the associated societal consequences.
In this book. Professor Simonovic considers not just
what the’ impacts of climate change may be on water, and
flooding in particular, but also looks at flood risk
management. which can be usefully applied, as he suggests.
as an effective form of climate change adaptation. Climate
change adaptation through flood risk management is one of
several themes that tie the parts of this book together. The
book consists of four parts. The first part, entitled “Sctting
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the Stage”, deals with the central topic of flood risk
management and introduces climate change and the interplay
between climate change and flood risk management. An
important and interesting section in this part is the very
detailed case study of climate change impacts on municipal in-
frastructure within the City of London. Ontario, Canada.
This extensive example application very nicely draws together
the common intertwining threads of floods., risk. and climate
change within a real-world application. The rescarch
described in this section of the book is one of the strengths of
this publication. The second and third parts of the book deal
with flood risk management from the perspective of a
probabilistic and a fuzzy set approach, respectively. In both
of these parts, flood risk management is introduced from a
systems analysis context; systems analysis is another common
and unifying theme for much of the material in this book.
The final part of the book looks at “Future Perspectives” and
again provides an essential link between the potential impacts
of climate change and flood risk management with a
particular focus on the importance of both of these issues to
the public and also the overarching need to effectively com-
municate climate change impacts and flood risk management
issues to the general public. These are again topics with
which Professor Simonovic has considerable experience.

This is an important book that will be of interest to
water professionals, policy makers. researchers, and others
concerned with the potential impacts of climate change on
flooding events and on flood risk management.

Dr. Donald H. Burn
University of Waterloo
Waterloo, Ontario, Canada
January 2012
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| Preface

I have stated many times that I am one of the lucky few
who have the opportunity to work all their professional lives
in an area that they enjoy. The most enjoyable activity for
me is to integrate knowledge from different fields into an
approach for solving complex problems that include
uncertainty. My work has brought me into contact with many
people. responsible professionals. talented engineers,
capable managers., and dedicated politicians. In my capacity
as an academic | have also had an opportunity to work with
young talented people-the future of our workforce. I learned
a lot from all of them. I learned many things about the
profession. I learned a lot about different cultures. and most
importantly I learned about life. Thank you.

My interest in risk and flooding as a natural disaster
grew from my main area of expertise-water resources systems
management. From the early days of my professional career 1
was involved with floods and flood management, first from
an engineering point of view and then later from a
management point of view. Flood problems along the
Morava, Sava, and Danube rivers in my country of origin-
Serbia-were among the first professional challenges [ had to
deal with after graduation. In 1997, 1 was teaching at the U-
niversity of Manitoba and living in Winnipeg. That was the
year of the “Flood of the Century.” The governments of
Canada and the USA have agreed that steps must be taken to
reduce the impact of future flooding on the Red River. In
June 1997. they asked the International Joint Commission
(IJC) to analyze the causes and effects of the Red River
flood of that year. The IJC appointed the International Red
River Basin Task Force to examine a range of alternatives to
prevent or reduce future flood damage. | was appointed to
the task force and the subsequent experience changed my
life.

My work has taken me all over the world. T have had an
opportunity to sec flood problems in the developed and
developing world, in small villages and large urban centers.
Projects I have been involved with range in scale from the
local to the international. [ have discussed flooding issues
with farmers of the Sihu area in China as well as the Minister
for Irrigation and Water Resources of Egypt. 1 hope that my
professional expertise continues to contribute to the solution
of some of these problems. It definitely inspires me to
continue to work with greater effort and more dedication,
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SHETUESTHHAKRNEER | Floods in a Changing Climate Risk Management

For more than 35 years of personal rescarch. consulting,
teaching, involvement in policy, implementation of projects,
and presentation of experiences through the pages of many
professional journals. | have worked hard to raise awareness
of the importance of uncertainty-objective and subjective-in
the solution of complex problems. The main thrust of my
work is the use of a systems approach in dealing with
complexity. I have accumulated tremendous experience over
the years. In that time I realized that there is an opportunity
to contribute to the area of flood risk management by
transferring some of the knowledge and experience from the
implementation of systems thinking and systems tools to
various steps of the flood risk management cycle. Writing
this book offered me a moment of reflection, and it
elaborates on lessons learned from the past to develop ideas
for the future.
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A5 | Definitions

Uncertainty : lack of certainty; a state of having limited
knowledge where it is impossible to exactly describe the
existing state or future outcome; more than one possible
outcome. Sometimes the implications of uncertainty involve
risk-a significant potential unwelcome effect of system per-
formance. For example, if you do not know whether it will
rain tomorrow, then you have a state of uncertainty. If you
apply probabilities to the possible outcomes using weather
forecasts, you have quantified the uncertainty. Suppose you
quantify your uncertainty as a 90% chance of sunshine. If
you are planning a major, costly. outdoor event for tomorrow
then you have risk. since there is a 10% chance of rain and
rain would be undesirable. Furthermore, if this is a business
event and you would lose $100,000 if it rains, then you have
quantified the risk (a 10% chance of losing $100,000).

Vagueness or ambiguity is sometimes described as

"

“secondorder uncertainty,” where there is uncertainty even
about the definitions of uncertain states or outcomes. The
difference here is that this uncertainty is about human
definitions and concepts. not an objective fact of nature. It
has been argued that ambiguity, however, is always avoidable
while uncertainty (of the “first order™) is not necessarily
avoidable.

Uncertainty may be purely a consequence of a lack of
knowledge of obtainable facts. That is, you may be uncertain
but this

uncertainty can be removed with further analysis and experi-

about whether a new dyke design will work,

mentation.

There are other taxonomies of uncertainties and
decisions that include a broader sense of uncertainty and how
it should be approached from an cthics perspective (Tannert
et al., 2007). Figure 1 shows the taxonomy of uncertainties
and decisions according to Tannert et al.

The first form of uncertainty in this scheme is objective
uncertainty, which can be further divided into
epistemological uncertainty and ontological uncertainty. The
former is caused by gaps in knowledge that can be closed by
research. In this case. research becomes a moral duty that is

required to avoid dangers or risks. to realize possible
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