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Preface
How high is the water, mama? It’s five feet high and rising.
- Johnny Cash
Water is of major importance to human civilization; it is our most important necessity of life,
it provides refreshment and contributes to the improvement of spatial quality. Water is
indispensible for life as we know it. But water can also be a threat to life as we know it.
As mentioned in the quote above, water is rising. Sea level rise, storm surges and extreme
precipitation pose a threat to deltas worldwide. For centuries deltas have been great places
to live, providing fertile land, opportunities for transport over water and beautiful
surroundings. Large cities have developed on these specific places, prospering and growing
to what they are now: the largest cities in the world. But now climate change and urban
growth make delta cities face major future challenges. Cooperation amongst delta cities
worldwide is recommended to enhance resilience. This thesis therefore analyzes climate
adaptation in the delta cities Rotterdam, New Orleans and San Francisco, in order to provide
Tampa Bay with guidelines for climate adaptation.
This research has been accomplished under supervision of Wim van der Knaap (Wageningen
University), Allard Koopal (ARCADIS NL) and Daniel Yeh (University of South Florida). Wim
helped me to structure and underpin my work scientifically, in his own relaxed way. Allard
kept me motivated with his enthusiasm and creative ideas, and brought me under contract
of ARCADIS (again), which opened up a lot of extra opportunities. Daniel introduced me to
the Tampa Bay Area, provided me with a place to work at the University of South Florida and
shared his network of potential interviewees.
Peter Wijsman was so kind to exchange views, to share his network of experts in San
Francisco and to review some of my work. Andre Dieffenthaller introduced me to the
Malcolm Pirnie Office in Tampa, provided me with a place to work over there and gave me
the opportunity to present my research to employees and discuss my research with them.
Piet Dircke (ARCADIS), Paula Verhoeven (Climate Director of Rotterdam), Jeroen Aerts (VU
Amsterdam) and René Dolfsma (ARCADIS) were so kind to exchange views with me and
provided me with general background information.
I want to thank all 57 people who have provided me with information on climate adaptation
in the four cities by means of an interview or by participating in the survey I developed.
Last but not least I want to thank Lois Callen and all people from Seminole Presbyterian
Church in Tampa for being so hospitable to offer me a place to live and to make my stay in
Tampa an experience never to forget.
I hope you enjoy reading my thesis report!

Sjoerd Haitsma, Wageningen, 2011

Summary
Climate change makes the world face a new challenge. Global average surface temperature
th
has increased by approximately 0.6°C over the 20 century, caused by the increasing
concentration of greenhouse gasses in the atmosphere. Climate change will continue and its
consequences have to be faced in the century to come [IPCC, 2010].
More than 50% of the entire world population lives in cities and two third of these cities are
located in deltas, low lying areas close to the sea [Aerts et al., 2009]. As a consequence, one
third of the entire world population has to face impacts of climate change like sea level rise
and an increase in extreme weather events (storms, hurricanes and extreme precipitation).
Adaptation to climate change is therefore of major importance in the years to come. Some
major cities have already developed a strategy and taken measures in order to adapt, but
many cities are still unprepared. Tampa (Florida) is such a city where climate adaptation has
hardly started. Cooperation amongst delta cities worldwide is recommended to enhance
resilience. The objective of this research is therefore to analyze climate adaptation in three
delta cities - Rotterdam, New Orleans and San Francisco- in order to provide Tampa Bay with
guidelines for climate adaptation.
The research question for this research is:
In order to adapt to the consequences of climate change, which guidelines can be
distinguished for Tampa Bay by looking at delta cities that have already developed strategies
and measures to adapt to the consequences of climate change?
The main methodology of this research is a case study approach. Data has been collected by
a literature study, by interviews and by a survey amongst experts.
A literature study has been accomplished to come to an overview of important elements in
investigating climate adaptation developments in delta cities. These elements have been
used to create a theoretical framework for this research. In addition another, already
existing framework has been investigated: the DPSIR-framework. An adjusted version of this
framework is already applied to investigate climate adaptation in delta cities. Those
frameworks have been combined into a new, more complete framework for investigating
climate adaptation in delta cities. This theoretical framework is used to analyze the four
delta cities subject in this research. The following elements form the theoretical framework
for this thesis:
-

-

-

Current situation & Trends
Impacts & Vulnerabilities
o Probability of impacts of climate change
o Consequences of these impacts
o Main reasons for adaptation
o Currently responsible for adaptation
Responses
o Adaptation strategies
o Adaptation measures
Costs and spatial quality
Implementation
o Who should be responsible for adaptation
o Key facilitating factors

Professional literature and policy documents have been studied in order to come to a
qualitative and quantitative analysis of these elements of climate adaptation in the cities
investigated. In addition 57 experts have been interviewed or participated in a survey to
come to a broader view on climate adaptation and to provide a more solid basis. This has
resulted in an overview of climate adaptation in Rotterdam, New Orleans, San Francisco and
Tampa.
This research shows that first three cities have already undertaken action, but that
adaptation to climate change is quite a new and controversial topic in the Tampa Bay Region.
The guidelines for climate adaptation in Tampa Bay are divided in three aspects: awareness,
responsibilities and measures to take.
Awareness can be raised by research to local impacts that comes up with realistic short term
projections. People have to be educated and shown in a realistic and reliable way how
climate change will affect them, to create agreement on the need to act. Impacts of climate
change should be translated into economic consequences for the Tampa Bay Region and a
cost-benefit analysis can be a very useful tool in this context.
Communication plans, brochures and the use of (social) media like newspapers, radio,
television, twitter and YouTube are useful tools to raise awareness.
An element that comes with awareness is the division of responsibilities. Responsibilities are
currently either scattered amongst all different kinds of government layers or undefined.
Responsibilities amongst residents, local, regional and federal governments have to be
clearly defined. Home owners should have more responsibility and research should take
place to the role FEMA can have in climate adaptation and to the division of responsibilities
of FEMA and local governments.
When these organizational topics have been covered, one has to think of which strategies to
follow and which measures to take. Right now Tampa’s focus is on how to fight the
consequences of flooding. Technical measures, environmental restoration and regulations
can be helpful measures to fight the probability of flooding and to protect against the
impacts of climate change.
Rotterdam, New Orleans and San Francisco strongly aim at technical solutions. This kind of
measures can be important for Tampa Bay as well and this research shows which specific
areas are suitable for these measures.
Environmental restoration in terms of dunes and sand nourishment can play an important
role where the sandy shores of the Tampa Bay Region meet the Gulf of Mexico, to protect
coastal development from flooding and to serve nature restoration. Examples like ‘the sand
motor’ from the Netherlands are worth investigating, to prevent beach erosion.
Spatial regulations have to be used to make decisions now for future developments and can
help limiting flood damage. This can be done by preventing development in hazard-prone
areas. Furthermore, damage can be limited by constructing elevated houses and building
with water resistant materials in flood plains. Accommodation of water can particularly play
an important role in Downtown Tampa. Apart from implementing these concrete guidelines,
Tampa Bay should now start to mainstream adaptation policies into current and planned
investments.
This combination of measures can help Tampa Bay to stop looking at climate change as a
threat, something too big to deal with, and turn it into an opportunity to use and expand the
areas’ potential for resilience.
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1. Introduction
This research has been initiated in cooperation with ARCADIS NL and dr. Daniel Yeh from the
University of South Florida. Dr. Yeh is involved in efforts concerning climate adaptation in
the Tampa Bay Region and needed research to support these efforts. This research
addresses this need by providing Tampa Bay with guidelines for climate adaptation.

1.1

Climate change
Climate change1 makes the world face a new challenge. In 1988, the World Meteorological
Organization (WMO) and the United Nations Environment Program (UNEP) set up the
Intergovernmental Panel on Climate Change (IPCC) to provide governments all over the
world with a clear scientific view on what is happening to the world’s climate [IPCC, 2007]. In
1990 the IPCC published her first assessment report which reflected the views of 400
scientists, stating that climate is changing: global warming is real and urging that something
should be done about it [UNFCCC, 2010].
th

Over the 20 century global average surface temperature has increased by approximately
0.6°C, snow cover and ice extent have decreased, global average sea level has risen and
ocean heat content has increased. This is caused by the increasing concentration of
greenhouse gasses in the atmosphere. The most important greenhouse gasses are carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O) and according to the IPCC [IPCC, 2010],
the increase of the atmospheric concentration of these gasses is caused by human activities,
like burning of fossil fuels and deforestation. And human influences will continue to change
st
atmospheric composition throughout the 21 century. As a result, climate change will
continue, and its consequences have to be faced in the coming century [IPCC, 2010].

1.2

Impacts of climate change

1.2.1

Mitigation and adaptation
The human response to climate change can be characterized in two ways: mitigation and
adaptation. Mitigation involves attempts to slow the process of global climate change by
lowering the concentration of greenhouse gasses in the atmosphere. Examples include
initiatives like solar or wind energy or planting trees to store carbon dioxide.
Adaptation can occur in a natural way, by the earth’s ability to adjust to changes, but the
starting point for this research is that this is not enough. Human adaptation is needed too.
Feenstra [1998] provides us with an overview of various definitions of adaptation to climate
change used in literature:
Adaptation to climate is the process through which people reduce the adverse effects of
climate on their health and well-being, and take advantage of the opportunities that their
climatic environment provides [Burton, 1992 in: Feenstra et al., 1998, p. 119].

1

Climate does always change. In this research the term climate change refers to the unwanted change
in global climate, also called ‘global warming’.
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. . . the term adaptation means any adjustment, whether passive, reactive or anticipatory,
that is proposed as a means for ameliorating the anticipated adverse consequences
associated with climate change [Stakhiv, 1993 in:Feenstra et al., 1998, p.120].
Adaptability refers to the degree to which adjustments are possible in practices, processes, or
structures of systems to projected or actual changes of climate. Adaptation can be
spontaneous or planned, and can be carried out in response to or in anticipation of changes
in conditions [IPCC, 1996 in: Feenstra et al., 1998].
Adaptation involves the development of ways to protect people and places by reducing their
vulnerability to the impacts of climate change [CIESIN, 2010].
The definition of adaptation to climate change used in this research will look like the one
Burton [1992 in: Feenstra et al., 1998] provides, slightly adjusted at some points:

Adaptation to climate change is the process through which people actively, passively or
anticipatorily reduce the (consequences of the) impacts of climate change on their health
and well-being, and take advantage of the opportunities that their climatic environment
provides.
Climate change has many impacts, varying from sea level rise and an increase in extreme
weather events (precipitation, storms, hurricanes) to an increase in wildfires [IPCC, 2007,
2010].

1.2.2

Sea level rise
th

During the 20 century, sea level has globally risen by approximately 17 cm. In the Fourth
st
Assessment Report, the IPCC [2007] states that during the 21 century global sea level will
rise 18 to 59 cm compared to 1990 levels (Table 1.1).
Table 1.1 - Projected global average surface warming and sea level rise at the end of the 21st century
[IPCC, 2007]
Temperature Change
(°C at 2090-2099 relative to 19801999)
Case

Best estimate

Likely range

Sea Level Rise
(m at 2090-2099 relative to 1980-1999)
Model-based range excluding future rapid
dynamical changes in ice flow

Constant Year 2000 concentrations

0.6

0.3 - 0.9

NA

B1 scenario

1.8

1.1 - 2.9

0.18 - 0.38

A1T scenario

2.4

1.4 - 3.8

0.20 - 0.45

B2 scenario

2.4

1.4 - 3.8

0.20 - 0.43

A1B scenario

2.8

1.7 - 4.4

0.21 - 0.48

A2 scenario

3.4

2.0 - 5.4

0.23 - 0.51

A1Fl scenario

4.0

2.4 - 6.4

0.26 - 0.59

This rise in sea level can be increased by an extra 10 to 20 centimeters if erosion at the edges
of Greenland and West Antarctic will continue [IPCC, 2007].
The predictions in Table 1.1 consider global sea level rise. Regional sea level rise can be
either more or less. For example, sea level in the northeast of the Atlantic Ocean will rise up
to 15 centimeters more than the world average until 2100, due to oceanographic processes
[IPCC, 2007]. For 2300, predictions forecast major problems: oceans and ice react very
slowly to global warming and as a result, sea level continues to rise, even if atmospheric
concentrations of greenhouse gasses stabilize or decrease. The increase in the northeast of
the Atlantic is expected to be 1 to 2,5 m in 2300 compared to 1990 levels [Hurk et al., 2006].
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The impacts of sea level rise are far reaching and have the potential to cause some of the
greatest amounts of damage globally through flooding and coastal erosion [IPCC, 2007].

1.2.3

Increase in extreme weather events
The other impact of climate change this research focuses on is the increase in frequency and
intensity of extreme weather events. Extreme precipitation is one element of extreme
weather. Precipitation intensity is expected to increase (Figure 1.1), which can result in local
flooding because of insufficient (river) discharges [IPCC, 2007].

Figure 1.1 - Increasing precipitation intensity according to three different scenarios [IPCC, 2007].

Storms, cyclones and hurricanes are other elements of extreme weather events. Indicators
suggest that the average number of category 4 and 5 hurricanes per year has already
increased over the past 30 years and modeling studies show that tropical cyclones can
become more severe, with greater wind speeds and more intense precipitation [IPCC, 2007].
Extreme tropical storms have an impact on coastal areas through strong winds, flooding and
tidal surges and therefore pose a large threat to these areas (see Figure 1.2). Combined with
sea level rise, (super-)storms can have a significant impact on the maximum surge level and
hence on populations, economies and environments in coastal areas [IPCC, 2007].

1.2.4

Conclusion
Mitigation and adaptation are two different responses to climate change. Mitigation has to
stop the causes of global warming. However, even when mitigation starts immediately,
global warming is expected to continue for a certain period, due to the concentration of
greenhouse gasses that is currently present in the atmosphere and due to the “lag time” of
the Earth’s oceans and atmosphere to warm [Hansen et al., 2005, Meehl et al., 2005, Wigley,
2005 & IPCC, 2007a in: Snover et al., 2007]. Therefore adaptation is needed. Sea level rise
and extreme weather events will threaten coastal areas all over the world and demand for
action. These impacts differ from each other at an important aspect: sea level rise is
constant and can, to a certain level of accuracy, be predicted years ahead. Weather-related
extreme events occur all of a sudden and can be predicted just a few days ahead. This means
that finding suitable adaptation strategies to both these consequences demands for
proficient planning in the years to come.
INTRODUCTION
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Figure 1.2 - World map of natural hazards [Siebert, 2011].

1.3
Delta: a landform that is
formed where a river flows
into an ocean or sea
[Coleman & Huh, 2007]

Delta cities
Impacts of sea level rise and extreme-weather events vary geographically and will mainly
threaten coastal areas. However, more than 50% of the entire world population lives in cities
and two third of these cities are located in deltas [Aerts et al., 2009]. This means that one
third of the entire world population has to face this specific consequences of climate change;
sea level rise, increasing precipitation and (more frequent and intense) storm surges. The
effects of these consequences will occur either directly and indirectly. According to Knogge
[2004] direct effects are:
-

Economic damage (loss of land and infrastructure)
Societal impacts (loss of human life, property and culture)
Environmental impacts (loss of coastal ecosystems and biodiversity)
Changes in water management, salinity and biological systems

Indirect impacts occur in economic and social sectors as a result of these direct effects and
are for instance a decrease in tourism, recreation and the economy at macro-level [Knogge,
2004].
According to United Nations’ predictions, within the next 30 years the number of people
living in cities will increase to 60% of the world’s population and the number of people living
in delta cities will also increase, resulting in even more people living in highly exposed areas
[Aerts et al., 2009].
This emphasizes the need for climate adaptation. Bouwer et al. [2007] state that by 2015
loss potentials among the world’s 10 largest cities are expected to increase by rates varying
from 22% (Tokyo) to 88% (Shanghai, Jakarta) of the current rates (Table 1.2).
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Table 1.2 - Increase in mega-city disaster loss potential from 2005 to 2015. Ranking is by population at
2015, estimated GDP in U.S.$ billion at 2005 [Bouwer et al., 2007].
Population estimates (million)

Estimated GDP ( U.S. $ billion at 2005
Purchasing Power Parity)

City

2005

2015

Change (%)

2005

2015

Increase in
loss potential
by 2015 (%)

Gross Domestic Product:
the amount of goods and
services produced in a year,
in a country [Measuring
Worth, 2010]

Tokyo, Japan

35.2

35.5

0.8

1191

1452

22

Mumbai, India

18.2

21.9

20.2

126

226

79

Mexico City, Mexico

19.4

21.6

11.1

315

489

55

São Paulo, Brazil

18.3

20.5

12.0

225

336

49

New York, USA

18.7

19.9

6.2

1133

1408

24

Delhi, India

15.0

18.6

23.6

93

170

82

Shanghai, China

14.5

17.2

18.8

139

261

88

Kolkata, India

14.3

17.0

18.9

94

167

77

Dhaka, Bangladesh

12.4

16.8

35.5

52

94

81

Jakarta, Indonesia

13.2

16.8

27.3

98

184

88

According to the Stern Review [Stern, 2006], protection costs amount less than 0,1% of the
gross domestic product (GDP) for most countries, at least for protection measures that
anticipate at a 0.5-meter sea level rise.
The International Council for Local Environmental Initiatives (ICLEI) provides 11 reasons why
governments should respond now [Snover et al., 2007]:
1.
2.

Climate change is already in motion;
Significant reduction of greenhouse gas emissions is possible, but it is unlikely that
greenhouse gas emissions will be stabilized or reversed in the near term;
3. Climate change is expected to continue long after greenhouse gases are stabilized;
4. Climate change will likely lead to irreversible losses in some areas;
5. Climate change will have largely negative economic consequences, but may also create
economic opportunities;
6. Planning for the future can benefit the present;
7. Localities, regions and states are on the front lines of climate change impacts, and have
a responsibility to respond;
8. Proactive planning is more effective and less costly than responding reactively to
climate change impacts as they happen;
9. Thinking strategically can reduce future risks;
10. Thinking strategically can increase future benefits;
11. Anticipating future changes can add value to today’s investments at low additional cost.
It is important to be aware that choices made today will influence vulnerability to climate
impacts in the future. So ideally, adaptation measures should be taken now and be linked to
ongoing investments in infrastructure and spatial planning [Aerts, 2009].
Some major cities like Rotterdam, New York, Jakarta, New Orleans [Aerts, 2009] and San
Francisco [Raalten et al., 2009] have already developed a strategy and taken measures in
order to adapt. Also, networks among delta (or coastal) cities have been set up, to offer
cities the opportunity to exchange knowledge and experiences [Delta cities, 2010].
However, a lot of cities are still unprepared and in search of adaptation strategies and
measures [Aerts & Walraven, 2008]. Tampa is one of these cities. Trying to find a way to
adapt all by itself would be insufficient, since a lot of information from other cities is already
INTRODUCTION
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available. This information is however often just describing the specific situation and
measures in those cities, which is often context-dependent. So information is not yet very
applicable and easy to use for other cities like Tampa.

1.4

Objectives and research question
Objective
The objective of this research is to translate information on cities that have already started
adaptation to climate change into guidelines for cities that are in search of a way to deal
with climate adaptation. To do so, a number of cities where climate adaptation has already
started will be investigated (those will be called ‘prepared cities’) and the information on
these cities will be translated into guidelines for a city that has not yet started adaptation to
climate change (the ‘unprepared city’).
Research question
The research question for this research is:

In order to adapt to the consequences of climate change, which guidelines for Tampa
Bay can be distinguished by looking at delta cities that have already developed strategies
and measures to adapt to the consequences of climate change?
This research does not only focus on what other cities have done, but also on how cities try
to adapt and why they have chosen to do it in the way they do it.

1.5

Methodology
This paragraph describes how the research question will be answered by explaining which
methods will be used. The main methodology is a case study approach. Data has been
collected by a literature study, by interviews and a survey amongst experts.
Case study research
By investigating climate adaptation in the prepared cities, this research studies practical
knowledge to come to recommendations for Tampa Bay. The study of practical knowledge
(phronesis) is advocated by Flyvbjerg [2001]. Studying context dependent situations forces
researchers to think outside boundaries and do not make use of context independent ‘rules
and laws’ [Flyvbjerg, 2001]. This is of particular importance in this research, since climate
adaptation is highly dependent of the geographical and socio-economical context of the
cities.
Ragin and Becker [1992] distinguish the object and the subject of the case study: the subject
is the ‘practical, historical unity’ through which the theoretical focus of the study is being
viewed. The object is the theoretical focus – the analytical frame. Climate adaptation is the
object of the case studies in this research, while the cities are the subject. According to
Flyvbjerg:

“The case study is a necessary and sufficient method for certain important research tasks
in the social sciences, and it is a method that holds up well when compared to other
methods in the gamut of social science research methodology [Flyvbjerg, 2006, p.241]”
The cases
Several cities are eligible for this research. Paragraph 1.3 mentioned Rotterdam, Jakarta,
New York, New Orleans and San Francisco as cities that have already developed a strategy
and taken measures in order to adapt. Considering the amount of time available for this
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research, three prepared cities are studied. Those cities have to meet a number of criteria to
be suitable for this research:
-

These cities have to be delta cities
These cities must have started adapting to climate change
These cities have to be easily comparable to Tampa
Information on climate adaptation in these cities must be easily accessible

Based on these criteria and at the suggestion of ARCADIS NL, the three prepared cities that
will be studied are:
-

Rotterdam
New Orleans
San Francisco

Rotterdam has been chosen because climate adaptation plays a key role in this city: a lot of
research has already been accomplished and several measures taken [Dircke et al., 2010], so
a lot can be learned by investigating this city.
New Orleans will be studied because its geographical situation is comparable to Tampa; it is
located at the Gulf of Mexico and thus vulnerable to hurricanes. Furthermore, a lot has been
done in terms of climate adaptation since hurricane Katrina hit the city [Hermens et al.,
2010].
San Francisco has been chosen because it is located at a bay, just as Tampa. This calls for a
specific kind of adaptation and may offer other opportunities than just being a coastal city.
Furthermore, San Francisco has notified a significant rise in sea level and has therefore
started adaptation efforts [BCDC, 2009].
Jakarta and New York are not included in the comparison. These cities are less comparable
to Tampa then New Orleans and San Francisco, and information on climate adaptation in
these cities is less readily available than it is in the three chosen cities.
To compare climate adaptation in Rotterdam, New Orleans, San Francisco and Tampa, one
has to know where to look at; specific elements for comparison have to be developed. This
has been done by composing a sound theoretical framework based on literature. In this way,
climate adaptation in the cities is investigated from a scientific base and reliable elements
are used to build the framework. This framework can be used to investigate different delta
cities all over the world.
Qualitative and quantitative research
Qualitative research is an important element of case studies. However, “more often than
not, a combination of qualitative and quantitative methods will do the task best “ [Flyvbjerg,
2006, p.241]. This research is mostly qualitative, but does also have a quantitative element;
when comparing the different aspects of climate adaptation as distinguished in the
theoretical framework, those aspects are quantified by ratings from 1 to 5. Two ratings will
be applied to each element: one rating based on my interpretation of the plans and (policy)
documents studied and one rating based on the average of the scores given by experts in the
interviews and the survey. These scores are however not processed statistically, since the
amount of data is not sufficient to guarantee reliable outcomes. The goal of quantifying the
different aspect is to simplify the comparison of information on climate adaptation within
the cities and between the cities.
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Literature
This research uses both scientific and non-scientific literature. Scientific substantiated
literature, found in journals and books, has been used to develop the introduction and the
theoretical framework and to investigate climate change projections in the cities subject in
this research. Non-scientific literature, like city plans, policy documents, newspaper articles
and project internet websites, has been used to investigate the developments on climate
adaptation in the four cities.
Experts
To come to a better understanding of climate adaptation in the investigated cities and to
increase the reliability of this research, information from literature is replenished by
interviewing experts. Information from professional literature will thus tested by comparing
it to the information provided by experts, and the other way around.
Experts’ knowledge (phronesis) has been used in various ways. To come to a general
understanding of the concept of climate adaptation and its meaning for in the four cities
investigated the following experts have been interviewed:
-

-

Jeroen Aerts, professor at the VU University in Amsterdam, specialist on climate
adaptation in delta cities and (co)author of two Connecting Delta Cities books;
Piet Dircke from the Rotterdam University of Applied Sciences and Program Director
Water at ARCADIS NL, also a specialist on climate adaptation in delta cities and
(co)author of two Connecting Delta Cities books;
Dr. Daniel Yeh from the University of South Florida, initiator of several workshops on
climate adaptation in the Tampa Bay Region;
Paula Verhoeven, Climate Director of Rotterdam;
Peter Wijsman, Program Manager Water at ARCADIS NL and responsible for climate
adaptation in San Francisco;
René Dolfsma, project leader at ARCADIS NL and responsible for climate adaptation in
New Orleans.

Secondly, a total of 32 experts have participated in a survey on climate adaptation in the
cities of New Orleans (#4), Rotterdam (#8), San Francisco (#13) and Tampa Bay (#7), to rate
the different elements of climate adaptation in those cities (see chapters 3, 4, 5 & 6). An
additional 25 experts from Tampa Bay have been interviewed to shed light on vulnerabilities
and climate adaptation in their city (see chapter 6) and to rate elements of climate
adaptation in Tampa Bay as well.

1.6

Outline
After this chapter with introducing information, this thesis continues by developing a
theoretical framework by which the four cities are investigated. To do so, literature has been
studied in order to distinguish elements for comparison and to make a possible classification
of the information, which helps to process the data. This is used to investigate and quantify
climate adaptation in Rotterdam, New Orleans, San Francisco and Tampa Bay, which
happens in respectively chapter 3 through 6. In chapter 7 these case study results are
compared and discussed. Chapter 8 reflects upon the research question by drawing
conclusions and providing recommendations for further research.
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2. Theoretical Framework
2.1

Introduction
In order to answer the research question, the concept of climate adaptation has to be
analyzed and divided into different elements, because one has to know where to look at
when comparing the different cities. These elements are distinguished by a literature study
and are put together into a theoretical framework. This framework provides elements that
are important in examining climate adaptation in the cities of Rotterdam, New Orleans and
San Francisco.
This chapter consists of three parts. It firstly reflects on the most important approaches to
spatial planning, since the way in which the spatial environment is arranged is of major
importance when it comes to climate adaptation. Spatial planning is the overarching subject
of this research and in the end the different approaches will be used to reflect on how
climate adaptation takes place in the cities investigated. Secondly, the planning practices
undertaken in order to adapt to climate change will be studied. Here the concept of climate
adaptation is divided into different elements that together form a framework for useful
research on climate adaptation in delta cities. In the third part another -already existingframework will be discussed: the DPSIR framework. Both these frameworks are reflected
upon and merged into a new framework which combines the best characteristics of the two
separate frameworks. This then forms the theoretical framework from which the four delta
cities will be studied in this research. Figure 2.1 displays this process in a schematic way.

Figure 2.1 - Development of the theoretical framework

2.2

Spatial Planning
According to Neuvel [2009] (quoting many others) spatial planners can directly and indirectly
influence land-use development. Examples of direct interventions are land and property
THEORETICAL FRAMEWORK

21

acquisition, such as buying flood-prone land to prevent new development. Indirect
interventions include land-use regulations such as zoning or incentives to stimulate direct or
indirect interventions by others (e.g. the planning requirements of a higher level of
government for local governments). In addition to these direct and indirect regulatory
interventions, spatial planners can influence land use through other policy tools based on
communicative mechanisms or financial mechanisms, like the dissemination of risk
information through risk maps or through taxation and fiscal policies to stimulate the
adaptation of buildings.
For these reasons, spatial planning is regarded as an important instrument to reduce natural
safety risks [Bergström, 2006; Burby, 1998; Christou et al., 1999; Immink, 2007; Mileti, 1999,
in: Neuvel, 2009]. Therefore, it is worth investigating how this instrument is used and can be
used in the different delta cities. This paragraph will give an overview of different
approaches to spatial planning, in order to investigate which kind of planning is used,
consciously or unconsciously, in the cities that are subject in this research. The different
approaches to planning briefly elaborated in this paragraph will be:
-

Rational planning
Collaborative planning
Pragmatism
Advocacy planning
Area oriented planning

These are for a large part based on the description provided by Allmendinger [2002] and
selected on relevance. Rational planning and collaborative planning are two very important
themes in planning, even today [Allmendinger, 2002]. Pragmatism and advocacy planning
have for a large part originated in the USA and still play a role there [Allmendinger, 2002],
and are thus important to take into consideration when studying the American cities San
Francisco, New Orleans and Tampa Bay. Area oriented planning is studied because of the
strong focus on a certain, bordered area and the importance of implementation, which are
important characteristics in climate adaptation.

2.2.1

Rational Planning
The rational view on planning rose to prominence in the 1960s and early 1970s and saw
planning as a general societal management process. Rational planning is a form of planning
that is high on regulation and central control, with the planner as a helmsman steering the
city. It is ‘planner-centric’, because it places a great deal of emphasis upon professional
opinion in an abstracted and technical process where goals flow from analysis of problems
[Allmendinger, 2002].
The rational process begins with the identification and definition of a ‘problem’ that needs
to be addressed. Once objectives have been set, a program is devised that involves
“intentions concerning the type and intensity and the timing of actions aimed at
manipulating the control variables of a problem situation so as to achieve a set of objectives”
[Faludi, 1973, p.89]. Meyerson and Banfield [1955, quoted in: Faludi, 1987, p.30] distinguish
three steps in the rational planning process:
1.

2.

The decision-maker considers all of the alternatives (courses of action) open to him; i.e.
he considers what courses of action are possible within the conditions of the situation
and in the light of the ends he seeks to attain;
He identifies and evaluates all of the consequences which would follow from the
adoption of each alternative, i.e., he predicts how the total situation would be changed
by each course of action he might adopt; and
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3.

He selects that alternative of which the probable consequences would be preferable in
terms of his most valued ends.

This clearly emphasizes the use of (scientific) knowledge by experts, as also stressed by
Faludi & Korthals Altes [1994, p. 404, in: Pijnappels, 2009]: “Planning is the preparation of
plans by experts”. Planners themselves thus play a key role in the rational approach.
Rational planning still has a strong influence on current planning, through its claim to
underpin planning with ‘scientific’ and ‘objective’ methods that can be applied to all aspects
of planning practice. It also provides a simple and highly structured view of the world
[Allmendinger, 2002].

2.2.2

Collaborative planning
According to Allmendinger [2002] communicative and collaborative planning are an answer
to the dissatisfaction of rational planning. Healey [1996, in: Allmendinger, 2002] points out
there have been three main influences upon the approach of planning as a communicative
or collaborative process. First and most important is the work of Habermas, who has sought
to reconstruct the unfinished project of modernity. He has questioned the dominance of
instrumental rationality in everyday life and sought instead to re-emphasize other ways of
knowing and thinking. The second influence is the work by Foucault (among others) who has
begun to look behind language and meaning and its potentially dominatory nature in hiding
existing power relations. The third influence is the work of Giddens and the institutionalist
school which examines the ways in which we interrelate through webs of social relations as
well as ways in which we can coexist in society.
The aim of communicative and collaborative planning is to create a more democratic form of
planning practice and planning theory. The planner is becoming a communicator instead of
an expert. In the new role the planner is an arbiter between different interests by using
collaborative/participative approaches. Within communicative and collaborative planning it
is important to make clear which decisions are made, why and on what kind of information.
Participative forms of planning add value to the place-making actions, by building shared
knowledge and understanding, generating opportunities for creative synergy and developing
the capacity among stakeholders to work together locally to solve common problems
[Healey, 1998 in: Allmendinger, 2002].
One of the most common forms of critique on communicative and collaborative planning is
defined by Faludi & van der Valk [1994, in: Allmendinger, 2002], questioning if consensus is
all we should look for.

2.2.3

Pragmatism
Pragmatism emphasizes direct action at specific problems - what works best in a given
situation or circumstance. Pragmatism has its roots in an historical philosophical dispute
regarding the nature of reality end experience. The emphasis is on getting things done producing visible results. In the USA this mentality has always been a more dominant
philosophy behind land-use regulation, and pragmatism itself and its interpretation as a
theory or approach to planning has largely originated there. It is often impatient and
dismissive of grand or abstract theorizing. In pragmatism, truth is not something that can be
proven as such; it is the outcome of using an idea [Allmendinger, 2002].
Experience rather than theory is seen as the best arbiter of truth and practicality. Practical
answers -those that work- to real problems are advocated. Such a practical approach should
be achieved through socially shared and democratic means. Harrison [1998 in: Allmendinger,
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2002, p. 143] has provided a useful summary of the characteristics of pragmatism in relation
to planning: “First, pragmatism can provide planners with an ironic perspective on
themselves and their actions. It perceives of planning as an evolving activity whose purpose
will change over time. Second, planning does not seek to uncover reality but to serve a
practical purpose in our understanding of it. Third, pragmatism is concerned with the
practice of planning and this has led to a renewed interest in the micro politics of planning
practice. Fourth, the pragmatic focus on choice and contingency rather than abstract
foundationalism emphasizes ethical deliberation.”

2.2.4

Advocacy planning
In planning theory, advocacy planning is normally associated with the work of Paul Davidoff
(1930-1984), who argued for a deeply personal and highly political view of planning and
planners [Allmendinger, 2002].
Advocate planners take the view that any plan is the embodiment of particular group
interests, and they therefore see it as important that any group that has interests at stake in
the planning process should have those interests articulated. In effect, they reject both the
notion of a single ‘best’ solution and the notion of a general welfare which such a solution
might serve. Planning in this view becomes pluralistic and overtly political. In several cities
advocacy planning groups have come into being, proposing to help people make their
interests felt, especially people of low-income communities who seem to be underrepresented in the planning process [Peattie, 1968].
Davidoff argued that under an advocacy approach multiple plans should be prepared by
different groups. Some of these plans would be in direct contradiction to the plan drawn up
by the public authority. Rather than simply objecting to the ‘official’ municipal plan, groups
could counter it with one of their own. The result would be a competition of ideas. This
however looks unrealistic and has at least the problem of how to choose between the
different and competing plans [Allmendinger, 2002].
Other dimensions of Davidoff’s advocacy approach are the kind of organizations that would
be likely to become involved. Davidoff highlights three of them: political parties, special
interest groups and ad hoc associations. “Political parties in an area should establish
community plans based on their own values. Special interest groups such as chambers of
commerce, unions and so on could also become involved in preparing their own community
plans though the often disparate nature of some of these groups might make it difficult.
Finally, there are ad hoc groups who might be established in response to a particular issue
such as the proposed location of a supermarket or the demolition of an old building”
[Allmendinger, 2002, p.140].

2.2.5

Area oriented planning
Hidding [2006, p.180, translated] describes area oriented planning as: “It is about the top
local or regional development and implementation of policy, close cooperation between
governments and other stakeholders as representatives of the civil society, reliable work by
means of content and process innovations, and to strengthen the implementation”. This
kind of planning has increased in popularity since the nineties and increases ever since. The
base of area oriented policy is the fencing of an area that fits to the problem at stake.
The following ambitions lie at the base of area oriented planning [Hidding, 2006, p.180
translated]:
-

“Not only a governmental issue: Combined action with other actors, market parties as
well as representatives of civil society is essential for several reasons: to create social
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-

-

-

2.2.6

support, to mobilize knowledge and creativity, and regarding the implementation of
plans. With that, area oriented policy is an exponent of a wider perspective on steering
than the classical hierarchical-steering-model.
To link execution to planning: Area oriented planning seeks new ways for an intractable
problem, namely strengthening the performance orientation in spatial planning. This
can be done by involving parties with implementation capacity or interference power
early in the planning and to bind them to agreements, but also by linking with spatial
investments and conducting an active land policy.
Customized supply: Area oriented planning reflects the recognition that environmental
problems vary from one area to another. Not only because of differences in spatial
terms, but also because of differences in how actors define the situation.
Innovative approach: Area oriented planning focuses on urgent and complex issues.
When searching for an appropriate course of action a return to standard recipes will
probably not be possible. The demand for innovations concerning content and process
is therefore high in the context of this policy. Mobilization of knowledge of different
actors is an important aspect of the regional approach.”

Conclusion
The descriptions as elaborated above are just brief summaries of very broad theories. On
each theory alone, several books can be written and have been written already. This thesis
will not go into too much detail and discussion about the theories. The descriptions above
are kept brief to give a quick overview of the most important elements of each approach of
planning. At this, the planning practices in the cities investigated can be reflected upon, to
discover in what way planning takes place and/or should take place. To come to an insight in
the planning theory, the planning practices undertaken in order to adapt to climate change
will be studied. For this purpose, the next chapter divides the concept of climate adaptation
into different elements.

2.3

Climate adaptation

2.3.1

Introduction
When investigating adaptation to climate change in delta cities, one has to know where to
look at, otherwise one can drown in the vast amount of information on climate adaptation in
these cities. Therefore, a literature study has been accomplished in order to figure out what
important elements could be for studying climate adaptation in the cities of San Francisco,
New Orleans, Rotterdam and Tampa Bay. In this way, a sound theoretical framework will be
created which will be guiding in analyzing climate adaptation in the cities. In the discussion
in chapter 7 the usefulness of this framework will be reflected upon. The elements of climate
adaptation derived from literature are:
-

What are the reasons to adapt?
Who is responsible to adapt?
How is dealt with risk?
Which adaptation strategy is chosen?
What kind of measures is taken?

These elements are elaborated in the next subparagraphs. Different views from literature on
these elements are discussed and sometimes a classification into sub-elements is made.
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2.3.2

Reasons to start adaptation
The reason why adaptation to climate change is often such a big issue is that the impacts of
climate change can seldom be experienced directly.

Whether climate change is or is not seen as a problem to which has be acted upon,
depends on the perception of its impacts.
Especially when climate change does not become manifest in ‘strong signals’, like actual
disasters, perception plays a big role, because the question whether or not to adapt then
depends on so called ‘weak signals’, like scientific reports on climate change [Boer, 2010].
However, these can be interpret in various ways. Therefore it is interesting to investigate
what have been the reasons for countries or cities to adapt. Swart et al. [2009] have
investigated climate adaptation in various countries and as a conclusion they distinguish
seven main reasons for countries to set up adaptation strategies.
-

Weather- related extreme events
Research on impacts and adaptation
Economic costs of inaction
Recognizing opportunities related to climate change
International climate negotiations
EU-policies
Examples of adaptation actions in other countries

These reasons are elaborated in this paragraph, together with key facilitating factors for
adaptation, briefly mentioned by Swart et al. [2009].
Weather- related extreme events
Although weather-related extremes cannot always be clearly associated with climate change,
in some countries the increasing occurrence of extremes like storms, heavy rains, drought
and heat waves in recent years has raised awareness about the need to adapt to climate
change. Its consequences for people and the environment have caused discussion on how
well societies are prepared for an anticipated higher frequency and/or increased magnitude
of some extreme weather events in the future. The role of the media is also important in
addressing these events and thus in raising awareness of the need to adapt [Swart et al.,
2009].
However, while actual extreme-weather events bring existential fears, these are often easily
forgotten by those who were not badly affected. The post-flood drive and momentum
quickly runs out if floods do not return and disrupt society. As attention shifts to other
concerns, extreme weather regulation is relaxed again and funding and handling of the
project comes under scrutiny [Warner, 2008].
Research on impacts and adaptation
National and international research programs related to climate change have generated new
knowledge about future impacts of climate change and vulnerabilities and needs to adapt.
No matter if these are executed on request of policy makers or receiving attention through
the media, they are an important driver for countries and cities to start adaptation. And
even if applicable research results are not yet available, the fact that research on impacts
and adaptation is being funded at all is already a sign that the issue is perceived as politically
important [Swart et al., 2009].
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Economic costs of inaction
Although knowledge on the costs of inaction is still relatively limited, there are some
examples of academic studies that have addressed the costs of adaptation and inaction in
European countries [Kemfert and Schumacher, 2005; Tol, 2001, 2002 in: Rob Swart, 2009].
One of the most important recent reports on the economic costs of inaction is the Stern
Review on the Economics of Climate Change [Stern, 2006]. This report advocates early action,
in order to avoid the most severe consequences of climate change. The economic costs of
climate change impacts and the costs of inaction are an important factor for countries to
initiate action to adapt to climate change [Swart et al., 2009].
Recognizing opportunities related to climate change
This is not the most important driver for taking action in adaptation, but there is awareness
about possible benefits of climate change in some sectors. And thus, this may for a certain
part drive countries to develop adaptation strategies [Swart et al., 2009].
Other reasons and key facilitating factors
Swart et al. [2009] do not elaborate the three other reasons (International climate
negotiations, EU-policies and examples of adaptation actions in other countries), since these
are clear enough.
An overview of all the key drivers and key facilitating factors for climate adaptation
distinguished by Swart et al. [2009] is given in Figure 2.2.

Figure 2.2 - Key drivers and key facilitating factors for the development of a National Adaptation
Strategy [Swart et al., 2009].

As displayed in Figure 2.2, key facilitating factors are necessary to come from key drivers to
adaptation strategies. These factors include for instance availability of knowledge, political
will, good co-ordination between key actors and identification of compatibility with other
policies [Swart et al., 2009].
Conclusion
This paragraph has investigated the question: “What are the reasons for cities to start
adapting to climate change?” Literature has given several reasons why countries start
adapting to climate change, but these reasons can also be applied to cities and will thus be
part of the theoretical framework. This part of the framework will look as shown in Table 2.1.
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Table 2.1 - Reasons to start adaptation to climate change

Reasons to start adaptation to climate change
Rotterdam

New Orleans

San Francisco

Tampa Bay

Weather- related extreme events
Research on impacts and adaptation
Economic costs of inaction
Recognizing opportunities related to
climate change
International climate negotiations
Examples of adaptation actions in
other cities
Other, namely…

2.3.3

Responsibilities
Wicked problems
Whether adaptation to climate change does start and how it is executed depends on whose
problem it is, on whose responsibility it is to adapt. Before the question ‘whose problem is it’
can be answered, it has to be clear what the problem exactly is. Rittel [1984] stresses this
problem in his theory of ‘wicked problems’. He described these problems as “a class of social
system problems which are ill-formulated, where the information is confusing, where there
are many clients and decision makers with conflicting values, and where the ramifications in
the whole system are thoroughly confusing” [Jonge, 2009, p.137]. Rittel [1984] comes up
with ten criteria for wicked problems, which have been summarized by Ritchey [2005]. The
criteria that are most applicable to climate change and climate adaptation are [Ritchey, 2005,
p. 2,3]:
-

-

-

There is no definite formulation of a wicked problem: The information needed to
understand the problem depends upon one’s idea for solving it. This is to say: in order
to describe a wicked problem in sufficient detail, one has to develop an exhaustive
inventory for all the conceivable solutions ahead of time.
There is no immediate and no ultimate test of a solution to a wicked problem: Any
solution, after being implemented, will generate waves of consequences over an
extended – virtually an unbounded – period of time. Moreover, the next day’s
consequences of the solution may yield utterly undesirable repercussions which
outweigh the intended advantages or the advantages accomplished hitherto.
The causes of a wicked problem can be explained in numerous ways - the choice of
explanation determines the nature of the problem’s resolution: There is no rule or
procedure to determine the ‘correct’ explanation or combination of (explanations for a
wicked problem). The reason is that in dealing with wicked problems there are several
more ways of refuting a hypothesis than there are permissible in the (e.g. physical)
sciences.

The problems considering adaptation to climate change meet some of the criteria of wicked
problems. The most important issue here is that it is hard to give a clear definition of the
problem, because the perception of the particular problem of climate change varies per
person or party involved. In the Netherlands for example, the ministry of Traffic and Water
uses safety norms for the dikes, and will consider it a problem if the dikes do not meet these
norms. The problem can then be solved by raising or strengthening the dikes [Ministerie van
Verkeer & Waterstaat, 2007]. Other parties however may have another vision on the very
problem and may therefore not be satisfied with this approach. So the question what the
problem exactly is, depends on whom this question is asked. However, who to ask -who are
involved- depends on what the problem is. This can result in endless circular reasoning and
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that would be of no use. What can however be learned from the ‘wicked problem’ approach
is that one has to be careful in defining a certain problem too brief.

A good analysis of the possible parties involved is necessary to get a clear view on the
main consensus of the problem and to determine the spectrum of possible solutions to
the problem.
Therefore, this research wants to investigate which parties are involved or can be involved in
the problem of climate change and who are thus responsible to act in each city subject in
this research.
Responsibilities
A societal issue that often comes with climate change is the issue of unclear responsibilities.
Climate change is a global trend, but the way in which its impacts will be experienced varies
greatly within regions and countries. Furthermore, it is a relatively new issue with new
problems that often do not fit within the current set of tasks of governments, water boards
etc. [Swart et al., 2009]. This makes the proper distribution of responsibilities difficult. The
overlapping or lacking of responsibilities in specific areas could lead to ineffectiveness. Swart
et al. [2009, p. 122] stress four reasons for the lack of timely adaptation:
-

-

Lack of knowledge: The relevant actors are not sufficiently aware of the looming
environmental changes, the need to act/adapt and the options they have at hand;
Lack of capacity: The societal actors do not have sufficient capacities for timely
adaptation, whether in terms of money or workforce;
Lack of (self-)interest: Due to external effects in subject or in time: external effects in
subject exist whenever ability and responsibility to adapt do not lie with those who are
eventually struck by the negative impacts of climate change. External effects in time
appear if long-term effects are not taken into account due to short-term economic and
political dispositions. As is shown by the flood prevention example, lack of self-interest
can eventually be specifically opposed to the most efficient solution, namely if it is the
‘cheapest cost avoider’ who is missing sufficient self-interest;
Lack of consensus: This may hinder appropriate action if multiple actors have to
cooperate in order to achieve effective results. Absence of a willingness to cooperate
will regularly be a consequence of externalities, i.e. the fact that those who are
responsible for taking appropriate (cooperative) action have no sufficient self-interest.

To gain a clear overview of all the people involved in the problem of climate change and to
be able to distinguish who’s problem it is and who is responsible for adaptation actions, an
actor analysis can be a good instrument. The aim of an actor analysis is the mapping of all
the parties (actors) involved, intern as well as extern, at a certain topic [Hermans, 2005]. This
research can be conducted as a scan in the start-up phase of interactive policy. Important
questions are [Hermans, 2005 & Ministerie van Algemene Zaken, 2010]:
-

Who are the people/parties involved?
Which roles can they play in the policy process?
What are the interests and ideas of these people/parties?

The first two questions can best be answered by querying the policy makers who are
involved in the subject. It is also recommended to look what the parties have commented on
the subject in the media [Ministerie van Algemene Zaken, 2010].
The third question (what are the interests and views) may also partly be answered by policy
makers. However, it is recommended in some situations that the interests and opinions are
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found out by talking to the actors themselves [Ministerie van Algemene Zaken, 2010].
Conclusion
This subparagraph has shown the importance of investigating the question ‘who is
responsible for adaptation’. To come to a list of actors that could be responsible to act to the
problem of climate change, several articles and books have been studied. This has resulted
in Table 2.2, containing actors that might be responsible for adaptation to climate change.
Table 2.2 - Responsible for adaptation [Based on: Neuvel, 2009; Snover et al., 2007; Wardekker et al.,
2009].

Responsible for adaptation
Rotterdam

New Orleans

San Francisco

Tampa Bay

Residents
Local government
Regional government
National government
Private sector
Water boards
NGO’s
Other, namely…

2.3.4

Risk
Introduction
Preparing for climate change is often difficult because of the uncertainties that exist around
local impacts. Since it cannot exactly be known how, when and where climate change will
affect local communities, planning must happen in the face of uncertainty. As a consequence,
one has to deal with different possible future scenarios [Snover et al., 2007]. When
answering the questions raised in paragraph 0, dealing with risk is an issue that emerges.

The question when climate change is considered a problem and what are reasons to
adapt is closely related to how people look at the risks that come with climate change,
and what they want to take for granted.
Therefore, this chapter analyzes the concept ‘risk’, to come to a solid base for investigating
climate adaptation in the four cities that are subject in this research.
The concept risk
Risks are not perceived directly - risk is a particular interpretation of observed phenomena or
developments [Boer, 2010]. What people call a ‘risk’ is thus a relational structure of abstract
story components. Fillmore and Atkins [1992, in: Boer, 2010, p.11] provide five linguistic
explanations of the word ‘risk’:
1.
2.
3.
4.
5.

Dangerousness, a dangerous situation (‘too much risk attached to it’);
Unpleasant possibility (‘the risk of being killed’);
Someone or something dangerous (to/for) (‘he is a big risk’);
The possibilities against which one can buy insurance (‘to insure against all risks’);
The chance or hazard of commercial loss (‘there can be no success without risk’).

These are just five definitions for the noun, which each focus on different aspects of risk.
However, what most definitions of the term risk share is some reference to the notion that
the future is uncertain and that one has to act upon the alternative possible futures [Fillmore

THEORETICAL FRAMEWORK

30

and Atkins, 1992 in: Boer, 2010]. This is reflected in one of the most common ways to define
risk, which is used in the Netherlands (amongst others) and described by Snover et al. [2007]:
Risk= Consequence x Probability
Consequence: What are the known or estimated economic, ecological, social and/or legal
consequences of a particular impact? This may be qualitative (e.g. high, medium, low)
and/or quantitative (e.g. damage in euros). What is also important is the estimated scale of
the impact (e.g. the number of people or the size of land area affected by sea level rise)
[Snover et al., 2007].
Probability: Also mentioned as chance - how likely will a projected impact occur? Impacts
like increasing average temperatures and sea level rise are virtually certain to happen,
others, like tropical storms, are less certain. Chance can be assessed qualitatively (high,
medium, low) as well as quantitatively (e.g. 1:2500) [Snover et al., 2007].
Boer [2010] distinguishes the following (partly overlapping) risk dimensions, after studying
vast literature on this topic [Sjöberg 2000; Slovic, 1992; Vlek and Stallen, 1979, in: Boer,
2010]:
the degree to which exposure to the risk is voluntary;
the likelihood of harm;
one’s vulnerability to harm (or lack of control over harm);
the extent of harm a hazard would cause;
the degree to which sources of risk information can be trusted.

-

This division has some overlap with the division Neuvel [2009] makes. According to Neuvel,
risks can be understood as “a compound function of a hazard to which a specific area is
exposed and the vulnerability of the people, structures or services within a particular area”
[Neuvel, 2009, p.14]. This point of view is summarized in Table 2.3 and the risk components
are elaborated below.
Table 2.3 - Risk components. [Neuvel, 2009, based on: de Bruijn et al., 2007; de Graaf et al., 2007 &
Schneiderbauer, 2007]

Risk components
Hazard

Definition
A potentially damaging physical event, phenomenon
or human activity that may cause injury or loss of
life, property damage, social and economic
disruption, or environmental degradation.

Exposure

The proneness to a particular hazard, without taking
hazard.

Vulnerability

Risk

into consideration the capacity to deal with the
Resistance capacity

The ability of an area to prevent hazardous events,

Adaptive capacity

Capacity of an area to adapt and adjust to uncertain

Coping capacity

Capacity to respond in the immediate aftermath of

such as defenses to resist high water levels.
future developments and hazards.
an event.
Recovery capacity

The capacity to return to the pre-disaster status.

Hazard: The source of threat, which can be events, phenomena or activities that may cause
harm to (aspects of) things that human beings value. This is often expressed as an estimated
probability of occurrence [Neuvel, 2009].
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Vulnerability: The susceptibility to damage from a particular disaster hazard [Alexander,
1997; Blaikie et al., 1994; Cutter, 1996 in: Neuvel, 2009]. However, fundamentally different
interpretations of this concept exist, either emphasizing the exposure to hazards, the social
responses or the physical and social processes that may lead to vulnerability, such as
economic or urban development. Therefore, Neuvel [2009] divides this concept into two
interrelated components: exposure and capacities.
Exposure: The proneness of an area to a particular hazard, without taking into consideration
its capacity to deal with the hazard. Normally, variables related to exposure include hazard
variables as well, such as the proximity to the source of threat, incident frequency or
probability, magnitude, duration or spatial impact. For example, exposure to flooding can be
expressed in terms of potential water levels to which a house is exposed. Exposure can be
reduced by measures that exclude ‘susceptible’ land-use activities from areas exposed to
hazards [Neuvel, 2009].
Capacities: An overall term that refers to the different types of abilities an area has, to resist,
adapt, cope with and recover from flooding. It has thus been divided in the following four
types of capacities [Neuvel, 2009, p.16]:
Resistance capacity: Those characteristics which influence the ability of an area to resist
hazardous events, such as defenses against high water levels. [De Bruijn et al., 2007; Vis et
al., 2003: Neuvel, 2009].
Adaptive capacity: The ability of an area to adjust to permanent short-term changes and
gradual long term trends [De Bruijn, 2005 in: Neuvel, 2009]. Its orientation lies in the future
and the emphasis is on the physical adaptations that are made within an area. This kind of
capacity includes adapting land-use activities, elevating sites in flood-prone areas and
constructing climate-proof buildings.
Coping capacity: Capacity to respond in the immediate aftermath of a disaster to reduce its
impact [De Graaf et al., 2007 in: Neuvel, 2009]. Coping capacity refers mainly to the
organizational abilities that an area has to prepare for and respond to disasters, including
the capacity for evacuation or emergency response. Nevertheless, coping capacities are also
determined by physical conditions, as the road infrastructure for instance defines the
possibilities for evacuation and emergency access.
Recovery capacity: The capacity to return to the situation as it was before the disaster took
place. This includes the ability of societies to reconstruct affected areas. The capacities to
cope with an event, together with the capacities to recover from an event, are also referred
to as resilience capacity [Cardona, 2003; McEntire et al., 2002; Schneiderbauer, 2007 in:
Neuvel, 2009].
Comparison
The division Neuvel [2009] makes can be compared with the one Snover [2007] makes,
although probability and consequences cannot be translated directly to hazard and
vulnerability. When probability is however seen as the probability of the impacts of climate
change to cause flooding, probability can be reduced by measures that reduce exposure and
increase the resistance capacity and adaptive capacity. Measures to increase adaptive
capacity, coping capacity and recovery capacity can be seen as measures that reduce the
consequence. Table 2.4 shows this division in a schematic way.
It has to be noted that consequence and probability cannot be seen as entirely separate,
because measures to decrease the probability will often decrease the consequence as well,
and the other way around. However, this research divides the measures under the element
of risk it has most influence on.
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Table 2.4 - Comparing risk division from Neuvel [2009] to Snover [2007]. (↓ = reduce … ; ↑ =increase …)

Risk Components
Snover
Neuvel

↓ Probability

↓ Consequence

↓ Exposure

↑ Coping capacity

↑ Resistance capacity

↑ Recovery capacity
↑ Adaptive capacity

Conclusion
Different ways to define risk have be elaborated above. The most common way to define risk
is [Snover et al., 2007]: Risk= consequence x probability. This vision on risk will be used to
investigate the amount to which climate change influences the city. Probability will in this
part of the thesis relate to the probability of the impacts of climate change to occur. The
impacts of climate change of particular concern to delta cities and therefore focused on in
this research are:
-

Sea level rise
Extreme weather events (storms, hurricanes)
Extreme precipitation

The risk approach will be used to examine either the probability of each of these impacts to
occur and the consequence each of these impacts has on the cities investigated. This part of
the framework is shown in Table 2.5.
Table 2.5 - Risk elements

Elements of risk
Rotterdam

New Orleans

San Francisco

Tampa Bay

PROBABILITY
Sea level rise
Extreme weather events
Extreme precipitation
CONSEQUENCES
Sea level rise
Extreme weather events
Extreme precipitation

The advantage of the combined approach as mentioned above is that it allows composing a
flood risk management strategy that reduces risk by either reducing the probability of a
disaster to happen or reducing the consequences of a disaster.

2.3.5

Adaptation strategies
When climate change is considered a problem with risks that are too high to ignore,
something has to be done, an adaptation strategy has to be clearly defined. This paragraph
will study different divisions in strategies in response to climate change. Snover [2007] for
instance distinguishes:
-

‘No regrets’ actions: actions that provide benefits in current and future climate
conditions even if no climate change occurs.
‘Low regrets’ actions: actions that provide important benefits at relatively little
additional cost or risk.
‘Win-win’ actions: actions that reduce the impacts of climate change while providing
other environmental, social, or economic benefits.
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This approach of focusing on the benefits of actions is quite unique. Other approaches
emphasize the spatial consequences of the strategies, as does Kabat [2005], describing two
basic strategies:
-

Move urban and industrial activities, including infrastructure, from below sea level to
higher and drier lands;
Create a large ‘hydrometropole’, a world in which we have learned how to live with
water.

Feenstra [1998] classifies strategies in a way that looks like Kabat’s division. In addition to
doing nothing and reversing maladaptive trends, he identifies three distinct response
strategies to sea-level rise [Feenstra et al., 1998]:
-

managed retreat
accommodation
protection

In the first strategy, threatened land is given up by strategic retreat, or by prevention of
major future developments in coastal areas that may be affected by sea level rise.
When using the second strategy, land use is continued, but altered. This strategy includes
adaptive responses such as elevation of buildings and modification of drainage systems. The
assumption at the base of these strategies is that increasing land losses and coastal flooding
will be allowed to occur and that some coastal functions and values will change or be lost.
However, these strategies focus on maintaining the dynamic nature of coastal ecosystems
and thus allowing them to adapt naturally.
Protection involves defensive measures and aims at maintaining shorelines in their present
position. This can be accomplished by either building or strengthening protective structures
or by artificially nourishing or maintaining beaches and dunes. This part of the strategy has
been widely applied (especially in the Netherlands) to protect human settlements and
productive land against coastal hazards. However, this strategy often involves the loss of
natural functions [Feenstra et al., 1998].
Kabat’s and Feenstra’s divisions look like another, well known, division in adaptation
strategies: the ‘safety chain’. This concept originates from the United States and is
developed by the Federal Emergency Management Agency (FEMA). The FEMA works with
four links: mitigation, preparedness, response and recovery [Brinke et al., 2008]. This
approach has been introduced in the Netherlands in 1993 and has been slightly adjusted: the
mitigation link has been split up in two links: pro-action and prevention, resulting in the
strategies defined in Table 2.6.
Table 2.6 - Definitions of links in the safety chain [Brinke et al., 2008]

Link
Pro-action

Definition
Eliminating structural causes of accidents and disasters to prevent them from
happening in the first place (e.g. by building restrictions in flood-prone areas

Prevention

Taking measures beforehand that aim to prevent accidents and disasters, and
limit the consequences in case such events do occur (e.g. by building dikes and
storm surge barriers)

Preparation

Taking measures to ensure sufficient preparation to deal with accidents and
disasters in case they happen (e.g. contingency planning)

Response
Recovery

Actually dealing with accidents and disasters (e.g. response teams)
All activities that lead to rapid recovery from the consequences of accidents and
disasters, and ensuring that all those affected can return to the ‘normal’ situation
and recover their equilibrium
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This division emphasizes the distinction between risk reduction measures in spatial planning
(pro-action) and technical measures such as dikes and storm surges (prevention) [Hidding &
Vlist, 2009].
Comparison
The elements from the safety chain can be linked to the elements of risk as defined by
Snover et al. [2007] and Neuvel [2009] (paragraph 2.3.4). This is done by combining Table 2.4
and Table 2.6 into a new table: Table 2.7.
Table 2.7 - Links of the safety chain compared to elements of risk [Based on: Brinke et al., 2008, Snover
et al. 2007 & Neuvel, 2009] (↓= reduce … ; ↑ =increase …)

Safety chain links

Risk elements [Neuvel, 2009]

Risk elements [Snover et al., 2007]

Pro-action

↓ Exposure

↓ Probability

Prevention

↑ Resistance capacity
↑ Adaptive capacity
↓ Consequence

Preparation
↑ Coping capacity
Response
Recovery

↑ Recovery capacity

This table shows that each link in the safety chain deals with a specific element of risk. The
probability of flooding to occur can be reduced by the strategies of pro-action and
prevention. The consequences of flooding can be reduced by preparation, response and
recovery. The elements of risk distinguished by Neuvel [2009] show how this is done.
Conclusion
Different divisions in adaptation strategies have been investigated in this paragraph. The
division made by Snover (no regret, low regret and win-win) especially pays attention to the
financial aspect of climate adaptation, while the other divisions particularly emphasize the
spatial consequences. The safety chain approach combines the divisions made by Feenstra
[1998] and Kabat [2005] and is a well-known classification of adaptation strategies.
Furthermore, this classification can be linked to the elements of risk as described in the
previous paragraph. For these reasons, this research uses the classification of strategies as
described in the safety chain to investigate climate adaptation in the four delta cities. Table
2.8 shows the schematic representation of this part of the theoretical framework.
Table 2.8 - Adaptation strategies

Adaptation strategies
Rotterdam

New Orleans

San Francisco

Tampa Bay

Pro-action
Prevention
Preparation
Response
Recovery

2.3.6

Adaptation measures
The possible adaptation measures that may be adopted in response to climate change are
numerous and varying from very basic to very extended. This paragraph describes the most
common classifications and selects the most suitable division to investigate the four delta
cities.
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The IPCC Working Group II mentioned and described 228 different adaptation measures
[IPCC, 1995]. Those have been summarized and grouped by Feenstra [1998, p.120 & 121]:
-

-

Bear losses. All other adaptation measures may be compared with the baseline
response of “doing nothing” except bearing or accepting the losses.
Share losses. This type of adaptation response involves sharing the losses among a
wider community.
Modify the threat. For some risks, it is possib0le to exercise a degree of control over
the environmental threat itself.
Prevent effects. A frequently used set of adaptation measures involves steps to prevent
the effects of climate change and variability
Change use. Where the threat of climate change makes the continuation of an
economic activity impossible or extremely risky, consideration can be given to change
the use.
Change location. A more extreme response is to change the location of economic
activities.
Research. The process of adaptation can also be advanced by research into new
technologies and new methods of adaptation.
Educate, inform, and encourage behavioral change. Another type of adaptation is the
dissemination of knowledge through education and public information campaigns,
leading to behavioral change.

Wardekker [2009] emphasizes resilience as an important element of adaptation to climate
change and describes six ways to come to resilience:
-

Omnivory: having several different ways of fulfilling one's needs.
High flux: quick responses to threats and changes.
Flatness: preventing the system from becoming top-heavy.
Buffering: the ability to absorb disturbances to a certain extent.
Redundancy: having multiple instances of something available.
Other: like evacuation plans, contingency planning, etc.

Reker et al. [2006] distinguish two kinds of measures: hard solutions (technical measures)
and soft solutions (system-based measures), which can be intertwined. In the division made
by the Coastal Zone Management Subgroup of the IPCC [1990], these measures together
form one of the three basic categories of adaptive responses to sea level rise and other
impacts of climate change:
1.

Hard and soft protection
Human impacts are reduced in the zone that would be impacted if there would be no
protection. Effects on the natural system are controlled. This option consists of:
a. Technical solutions: building hard technical structures, such as sea walls, dikes,
flood gates, bulkheads, water retention basins and storm surge barriers,
b. Environmental restoration, also known as soft protection, such as beach
nourishment, dune and wetland restoration.

2.

Spatial planning or accommodation
Impacts are minimized by adjusting human use of the coastal zone, allowing all natural
system effects. This option includes raising the land and/or infrastructure, innovative
design to live with the advancing sea and multifunctional land use.
Retreat
Human impacts are minimized by pulling back from the coast and retreating to higher
surfaces, allowing all natural system effects to occur (Nicholls, 2006).

3.
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Aerts & Walraven [2008] split the first type of measures into two different types, which
results in the following classification:
-

Technical solutions
Environmental restoration
Spatial planning or accommodation
Retreat

According to Nicholls [2006 in: Aerts & Walraven, 2008], many forms of adaptation combine
elements of more than one of these types. So, taking one measure does not mean that this
per se excludes other measures; risk reduction measures are often complementary [Neuvel,
2009].
Conclusion
Literature provides various classifications of measures taken to adapt to the effects of
climate change, with each focusing on other aspects of these measures. This research uses
the classification made by Aerts & Walraven [2008], since it has a sound base in literature
[IPCC CZMS, 1990; Bijlsma et al., in: Aerts & Walraven, 2008] and proven its value in practice,
witnessing the various cities that have been studied using this approach [Aerts & Walraven,
2008, Aerts, 2009 & Dircke et al., 2010]. However, the term ‘spatial planning and
accommodation’ is unclear and confusing, especially with respect to the approaches to
spatial planning as described in paragraph 2.2. This is therefore replaced by a term that fits
better: regulations. The part of the theoretical framework that deals with adaptation
measures is shown in Table 2.9.
Table 2.9 - Adaptation measures

Adaptation measures
Rotterdam

New Orleans

San Francisco

Tampa Bay

Technical solutions
Environmental restoration
Regulations
Retreat

2.3.7

Conclusion
A literature study has been accomplished to discover the most important elements of the
concept climate adaptation. Together, these elements form a framework for studying delta
cities, schematically shown in Table 2.10. In the next paragraph, another, already existing
framework to study climate adaptation in delta cities is investigated.
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Table 2.10 - Framework for investigating climate adaptation in delta cities

Rotterdam

New Orleans

San Francisco

Tampa Bay

Probability
Sea level rise
Extreme weather events
Extreme precipitation
Consequences
Sea level rise
Extreme weather events
Extreme precipitation
Reasons for adaptation
Already occurred weather- related extreme events
Research on impacts and adaptation
Economic costs of inaction
Recognizing opportunities related to climate change
International climate negotiations
Examples of adaptation actions in other cities
Currently responsible
Residents
Local government
Regional government
National government
Private sector
Water board
NGO’s
Strategies
Pro-action
Prevention
Preparation
Response
Recovery
Measures
Technical solutions
Environmental restoration
Regulations
Retreat

2.4
DPSIR: Driving forces,
Pressures, States,
Impacts and Responses
[OECD, 2009].

DPSIR
Another, already existing framework that is often used to study spatial development is the
DPSIR-framework [OECD, 2009]. This framework is explained in Figure 2.3. It has been
slightly adjusted and several scientists use this adjusted framework for studying climate
change adaptation in delta cities [Aerts et al., 2009; Aerts & Walraven, 2008].
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Figure 2.3 - DPSIR framework [OECD, 2009].

To transform the DPSIR-framework to the adjusted version, the following steps have to be
taken:
-

Driving forces, Pressures and States have been summarized as ‘Current situation &
Trends’.
Impacts have been divided in ‘socio-economic impacts’ and ‘environmental and
cultural damage’.
Responses have been divided into: Technical solutions, Nature restoration, Regulations
and Retreat
Two steps have been added:
o How do these responses score on cost and spatial quality (how do Responses
influence States);
o Which organization can facilitate adaptation (how to come from Impacts to
Responses).

The steps of this adjusted version are shown here. The corresponding steps from the DPSIRframework are added in parentheses:
-

-

-

Current situation & Trends - what is the current situation and what are future
developments, on environmental as well as on social-economic aspects? (D,P,S)
Impacts - what are the impacts of these trends, what problems do they cause? (I)
o Socio-economic impacts
o Environmental and cultural damage
Responses - what are possible responses? (R)
o Technical solutions
o Nature restoration
o Regulations
o Retreat
Costs & Spatial quality - how do responses score on costs and spatial quality? (R→S)
Implementation - which institutional organization can facilitate adaptation? (I→R)

At certain points this framework differs from the framework developed in paragraph 2.3, but
it also has a lot of overlap. Those two frameworks can therefore complement each other
when merged into a new framework.
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2.5

Combination of frameworks
The two separate frameworks described in paragraph 2.3 and 2.4 each have its strengths
and weaknesses. The adjusted DPSIR-framework is built up logically and covers the entire
width of climate adaptation: it starts at the current situation and ends with evaluation and
implementation. The framework created from literature misses this width, but does have
more depth. It splits the impacts in probability and consequences according to the risk
approach, which gives a better grip on the subject ‘impacts’. It also goes more into depth
with respect to the Responses, since it searches for the reason to start adaptation and for
who is responsible to adapt. To use the width of the DPSIR-framework and the depth of the
framework based on literature, these two frameworks are merged into a new framework
that uses the strengths of the separate frameworks. The frameworks are merged as follows:
Adjusted DPSIR-framework [Aerts et
al., 2009; Aerts & Walraven, 2008]:
Current situation & Trends
Impacts
Responses
Cost & Spatial quality
Implementation

-

-

-

Framework based on literature (Table 2.10):
- Probability of impacts of climate change
- Consequences of these impacts
- Main reasons to start adaptation
- Responsibility for adaptation
- Adaptation strategies
- Adaptation measures

Current situation & Trends
Impacts
o Probability of impacts of climate change
o Consequence of these impacts
Responses
o Main reasons for adaptation
o Currently responsible for adaptation
o Adaptation strategies
o Adaptation measures
Costs & Spatial quality
Implementation

To give more depth to ‘Implementation’, this will also be divided into sub-elements by using
the division in responsibilities from paragraph 0 to answer the question ‘who should be
responsible’ and by using the key facilitating factors for adaptation, as distinguished by
Swart et al. [2009] in paragraph 0. The new framework, including the subdivision of some
elements as explained in paragraph 2.3 is shown in Table 2.11.
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Table 2.11 - Theoretical framework

Rotterdam New Orleans San Francisco Tampa Bay
Current situation and trends
Probability
Sea level rise

IMPACTS

Extreme weather events
Extreme precipitation
Consequences
Sea level rise
Extreme weather events
Extreme precipitation
Main reasons for adaptation
Already occurred weather- related extreme events
Research on impacts and adaptation
Economic costs of inaction
Recognizing opportunities related to climate change
International climate negotiations
Examples of adaptation actions in other cities
Currently responsible
Residents
Local government
Regional government

RESPONSES

National government
Private sector
Water board
NGO’s
Adaptation strategies
Pro-action
Prevention
Preparation
Response
Recovery
Adaptation measures
Technical solutions
Environmental restoration
Regulations
Retreat
Costs & spatial quality
Who should be responsible
Residents

IMPLEMENTATION

Local government
Regional government
National government
Private sector
Water board
NGO’s
Key facilitating factors
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2.6

Conclusion
To investigate which role planning plays in the four delta cities subject in this research, this
chapter has provided an overview of five theoretical approaches to planning: Rational
Planning, Collaborative Planning, Advocacy Planning, Pragmatism and Area Oriented
Planning.
To come to an overview of the planning practices considering climate adaptation, a
literature study has been accomplished to figure out what important elements are when
investigating climate adaptation in delta cities. These elements have been used to create a
framework for this research.
Another, already existing framework has been investigated as well: the DPSIR-framework. An
adjusted version of this framework is used to investigate climate adaptation in delta cities.
Those two frameworks have been combined into a new, more complete framework for
investigating climate adaptation in delta cities. This theoretical framework will be used to
analyze climate adaptation efforts in four delta cities: Rotterdam, New Orleans, San
Francisco and Tampa in order to compare those cities with one another and provide
guidelines for climate adaptation in Tampa Bay.
Preview
The analysis of climate adaptation in the four takes place in a qualitative and a quantitative
way. Professional literature and policy documents are studied in order to come to a
qualitative analysis of all the elements from Table 2.11. Then all sub-elements (e.g. sea level
rise, extreme weather events, extreme precipitation, etc.) will be rated. This rating ranges
from 1 to 5, in which 1 stands for ‘very low’ and 5 for ‘very high’. The scores are based on my
interpretation of the aspects of climate adaptation as described in the cities’ (policy)
documents and spatial plans. The goal of these ratings is to make a quantitative distinction
between different sub-elements. By doing so, the sub-elements can more easily be
compared amongst one another and amongst the four cities. Furthermore data can then
easily be processed in tables, representing a quick overview of the preceding body of text.
Information has not only been gathered by studying literature and policy documents, but
also by interviewing experts from the different cities. This gives a broader view on climate
adaptation and provides a more solid basis. 25 experts from Tampa Bay have been
interviewed in ‘real life’, but this took a lot of time. To reach as many experts as possible, an
online survey has been set up and sent to 80 different experts in the four cities. In this
survey, the experts have been asked to rate different elements of climate adaptation in
‘their’ city. A total of 32 experts have participated in the survey and provided information.
In this way, two different ratings originate: one based on my interpretation of literature and
one based on experts’ judgment.
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3. Rotterdam

[Google Earth, 2011]

3.1

Introduction
This chapter discusses the impacts of climate change and adaptation to these impacts in the
city of Rotterdam. Every paragraph, except 3.2 (current situation) and 3.9 (costs and spatial
quality) contains a table where the elements of that particular paragraph are quantified by
two ratings. The first rating is based on my interpretation of literature and plans studied, and
the second rating is the average of scores given by the experts in the survey. A total of 8
experts participated in the survey on Rotterdam. When the difference amongst the experts’
score and the score based on literature is more than one level, a possible explanation is
given.

3.2

Current situation
Rotterdam is situated in the Dutch delta formed by the rivers Rhine and Meuse. It has
developed where the river Rotte meets the river Meuse and ever since its establishment, it is
water that has made the city. From 1576 to 1616 warehouses and large houses were built
along the city’s seven harbors (Scheemakerhaven, Haringvliet, Wijnhaven, Leuvehaven,
Oude Haven, Blaak en Nieuwe Haven). These harbors proved to be very important for the
city, since they kept on flourishing and as a consequence the population of Rotterdam
increased from 100.000 in 1850 to 450.000 in 1913. This growth had also an enormous effect
on the size of the city and on its social system: Rotterdam became a modern city. [Vonk,
2006] This however had a negative side effect: the water drainage system did not have the
capacity to deal with the large amount of people, so water got polluted and the people had a
shortage of enough clean drinking water [Vonk, 2006].
Therefore, a plan was developed - the so called Water Project - which provided for two
innovations: let fresh water in and pump the water out after it had done the ‘cleaning’. In
1854 the city council agreed and parts of the plan were realized. The project also aimed at
adding spatial quality the city by introducing beautifying elements like boulevards with trees
along the river where people could stroll, ponds with lots of green around and canals
combined with dwellings for the richer people [Vonk, 2006].
The canal concept combined with (dwelling) space for the richer people remained a source
of inspiration until World War II. In May 1940, large parts of the city center were completely
destroyed during a bombardment by the German Air Force and the center of Rotterdam was
almost completely rebuilt after World War II [Dircke et al., 2010].
Rotterdam has a long history as a port city and is still considered the marine gateway to
Western Europe and Germany in particular, via the rivers Rhine and Meuse. The rivers

ROTTERDAM

43

provide excellent means for inland water transport to transport goods from the port into the
hinterland.
Rotterdam is situated in the heart of the Dutch delta. The low-lying parts of the Netherlands,
including Rotterdam, have been flooded many times throughout history. In the Netherlands,
26 percent of the country lies below sea level and 29 percent is susceptible to river flooding
(Figure 3.1) [Pieterse et al., 2009].
In fact, Rotterdam has to deal with water from four different directions: sea water, water
from the river, precipitation and soil water [Vonk, 2006].

Figure 3.1 - Area vulnerable to flooding [Pieterse et al., 2009]

Many low-lying parts of the Netherlands have been reclaimed from former lakes (usually
referred to as ‘polders’) and are protected by so-called ‘dike rings’ along the main rivers and
coastal areas. Two thirds of the Dutch GDP is earned in these low-lying polders, and most
Dutch urban development is concentrated here. For these reasons, the Dutch intend to stay
in these areas and, therefore, continue to invest heavily in flood protection, even though the
area is one of the locations most vulnerable to flood risk in the world [Dircke et al., 2010].
The city of Rotterdam now counts 607.460 inhabitants [Hoppesteyn, 2010] and its elevation
is largely (up to 6 meters) below sea level and is, together with its low lying surroundings,
protected from the sea by a complex and extensive system of dikes, closure dams and storm
surge barriers, which are all part of the famous Dutch Delta Plan. The Delta Works were
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established after the disastrous flood in 1953, in which over 1800 Dutch citizens drowned
[Dircke et al., 2010].

3.3

Probability of the impacts of climate change to occur

3.3.1

Sea level rise
Between 1993 and 2003, sea level has risen 3 cm in Rotterdam, which corresponds with 30
cm per century [Gemeente Rotterdam et al., 2007]. According to the IPCC, sea levels in the
Netherlands may rise up to 59 cm by the year 2100 [Dircke et al., 2010]. A lot of discussion is
going on about the precise predictions and human influence on climate change, but it is clear
to the city of Rotterdam that sea level will rise and they therefore try to act right now
[Gemeente Rotterdam et al., 2007]. The city of Rotterdam does not use climate scenario’s
directly, but investigates local impacts of climate change for future developments
[Verhoeven, 2010].

3.3.2

Extreme weather events
The height of extreme storm surges is important for flood protection in the Netherlands. To
assess whether and how climate change affects the height of extreme storm surges, a study
has been accomplished by the KNMI, the Dutch meteorological institute. This study
concludes that wind speeds in the southern North Sea are projected to increase (Figure 3.2),
due to an increase in south-westerly winds [Katsman et al., 2010].
However, the highest surges along the Dutch coast are not caused by south-westerly winds,
but by north-westerly winds, because of their long fetch and the geometry of the coastline.
As a result, local extreme surge heights are expected to be largely unaffected by the increase
in wind speed of south-westerly winds, as was found in earlier climate model studies.

3.3.3

Extreme precipitation
Rotterdam has a temperate climate influenced by the North Sea, with moderate
temperatures throughout the year. However, heat waves with temperatures over 30°C do
occur and will occur more frequently in the future, increasing the heat island effect that is
already present in large cities [Akbari et al., 2009]. Summers are moderately hot with short
wet periods. Rainfall is almost equally distributed over the year, with an average annual
rainfall of around 790 mm. A new precipitation record was set in August 2006, when almost
300 mm of precipitation fell in one month, causing extensive flooding and damage in the
Rotterdam city area. Winters are relatively wet, with persistent rainfall periods. These
periods of excessive rainfall can cause floods in the river basins of the Rhine and Meuse
[Dircke et al., 2010].
In future times the wet and dry periods are expected to last longer. This results in more and
more intensive showers, so the sewers and the surface water like the river and the canals
can hardly manage the incoming water [Vonk, 2006]. For Rotterdam, climate change will
result in more prolonged periods of drought and more heavy showers, both in the summer
and winter periods. Precipitation is expected to increase by 7 to 28 percent in winter [Dircke
et al., 2010].
A policy document on Rotterdam says that water logging may not appear more than once in
100 years [Gemeente Rotterdam et al., 2007].
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Figure 3.2 - Present (blue, 1950-2000) and future (red, 2050-2100) wind speed in the southern North
Sea (a) and water level at coastal station Hoek van Holland (b), as a function of the return period. In (b),
also the observed values for the period 1888- 2005 are shown (black). Adding the high-end scenario for
sea level rise to the surge height yields a coastal water level indicated by the grey band by 2100.
[Katsman et al., 2010].

3.3.4

Conclusion
Measurements point out that sea level is already rising in Rotterdam and predictions project
sea level rise to continue at an even faster rate. So sea level will definitely rise, although the
question is how much. Nonetheless, the probability of sea level rise to occur is very high and
therefore scores a five. Wind speeds in the area near Rotterdam are expected to increase,
but just slightly. Hurricanes do not occur and will not occur in future in the Rotterdam region.
Therefore, the probability of extreme weather events is scored medium, a three.
Precipitation in the Netherlands normally is not that extreme, but equally distributed over
the year. Extreme precipitation thus does not occur very often, but is expected to increase,
making it likely to happen in the future, which results in a score of four.
On every aspect of climate change, the rating based on literature is one level higher than the
experts’ rating (Table 3.1). However, in proportion to each other, the different aspects score
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the same in both ratings. The range amongst experts’ scores is broad on sea level rise and
extreme weather, which displays the controversy amongst the different experts. More
agreement exists on extreme precipitation, since the range is smaller there.
Table 3.1 - Quantification of the probability of impacts of climate change to occur (1=very low; 5=very
high). Own interpretation of plans and literature (middle) and the average of experts’ scores (right).
Eight experts (#8) participated, the range shows the lowest and highest score given.

Probability
Literature

Experts

(range)

5

4

(1-5)

Sea level rise
Extreme weather events (storms, hurricanes)

3

2

(1-5)

Extreme precipitation

4

3

(2-4)

3.4

Consequences of climate change

3.4.1

Sea level rise
The port of Rotterdam is one of the largest harbors in the world and is of vital economic
importance for Rotterdam itself and the Netherlands as a whole. Most of the 12,000 ha of
port area has been developed on elevated land at an average height of about 3-4 m above
mean sea level, and a new area (‘Maasvlakte 2’) is being developed at 5 m above mean sea
level. Large parts of the port area are protected by the Maeslant surge barrier (Figure 3.3).

Figure 3.3 - The Maeslant storm surge barrier near Rotterdam during a test closure [Eyck, 2005].

This barrier however was designed for a maximum sea level rise of 60 cm [Aerts et al., 2009].
Increasing sea levels lead to more frequent closures of the Maeslant Barrier, which leads to
an increased risk of flooding from the large rivers flowing through Rotterdam that cannot
discharge freely into the North Sea under these conditions [Dircke et al., 2010].
Both the Port Authority and the City of Rotterdam, together with national government, are
now considering options for coping with the increasing flood risks due to climate change.
The port area, as already mentioned, is safe as it is located at several meters above sea level.
However the area lies outside the dike protection system, and is protected only by the
barrier. Occasionally, high water levels can be problematic. A large proportion of the
Netherlands’ economic assets are clustered in the port area of Rotterdam, where the
estimated potential damage in case of flooding is in the order of tens of billions of euros
[Gemeente Rotterdam et al., 2007]. At risk are port facilities, railroads, tunnels and
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1:10.000 protection:
Protection against a flood that
does theoretically occur once in
10.000 years

container terminals. In addition, a large section of Rotterdam’s working population works in
the port area, and many businesses strongly depend on activities in the port.
On the other hand, the city itself is located inside the dike protection system and well
protected. Rotterdam is situated in ‘Dijkring’ 14, a system of dikes that surrounds a large
part of the Netherlands, with millions of inhabitants and high economic potential. Currently,
this ‘Dijkring’ meets the safety standards, a 1:10.000 protection. But, because it is located
below sea level, this high protection level is a necessity, as a failure of the system can
immediately cause severe danger. The expected number of casualties as a result of flooding
in the Rotterdam region is regarded as an important indicator of vulnerability. Figure 3.4
shows the projected effects of the relatively high growth in urban development in low-lying
polders north of Rotterdam by 2040 on the potential number of casualties in the province of
South Holland in case of dike breaches [Dircke et al., 2010].

Figure 3.4 - The potential number of fatalities caused by simultaneous levee breaches at Katwijk (K), The
Hague (DH) and Ter Heijde (TH) with current land use (left) and possible future land use according to a
high economic growth scenario [Aerts et al., 2008 in: Aerts et al., 2009].

3.4.2

Extreme weather events
st

On February 1 1953 an extreme storm hit the Netherlands, which, in combination with
spring tide, resulted in the highest water level ever recorded in the Netherlands. The dikes
were not designed to hold such high water levels and 89 dikes broke, resulting in a massive
flood in the province of Zeeland and parts of Zuid-Holland and Brabant. Over 1800 people
died and economic consequences were enormous [Stichting Deltawerken, 2004].
After this devastating flood, the Delta Committee has been installed to find a way to restore
and improve the coastal defense system, in order to withstand future storms.

Ever since, the Dutch kept enforcing their system of dikes and dams and currently the
primary dikes (those along the west coast) are designed to withstand a storm that can
occur once in 10.000 years.
This is of major importance, because 26% of the Netherlands is below sea level, as
mentioned in paragraph 3.2 and shown in Figure 3.1 [Pieterse et al., 2009].
Increasing storm intensity in combination with rising sea level could also lead to more
frequent closures of the Maeslant Storm Surge Barrier, increasing risk of flooding from
rivers, because these rivers can no longer freely discharge when the barrier is closed [Dircke
et al., 2010].

3.4.3

Extreme precipitation
One of the crucial developments Rotterdam will be facing in the near future is flooding
caused by increasing rainfall. Precipitation is expected to increase by 7 to 28 percent in
winter in Rotterdam. Due to the changing climate, a lot of rain can fall in a short span of
time. Because of all the concrete surface in urban areas, water cannot infiltrate immediately
and has to find its way down via the sewer system. In order to process that water, provisions
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are needed for collection and storage. There is a risk that the current sewerage system may
not be able to treat and drain the surplus of water.
The Rotterdam Water Plan 2030 requires an additional 600.000 m3 of storm water storage
3
space, increasing to 800.000 m in 2050. At least 80 hectares of extra lakes and canals would
be needed to provide this storage in open water [Gemeente Rotterdam et al., 2007].

3.4.4

Conclusion
On the coastal side, Rotterdam is protected by dikes that should be able to withstand a 1 in
10.000 year storm and are inspected every five years. The consequences of sea level rise for
the city of Rotterdam itself are thus quite low. However, the harbor of Rotterdam, where a
lot of economic activity takes place, is situated outside the dike protection system and is
only protected by the Maeslantkering. Half a meter of sea level rise would already cause
hinder to this dam and thus have large impacts. When combining this information, the
consequences are not very high, but still high and thus score a four.
Extreme weather events do not have large impacts in terms of flooding, since the protection
level in the Netherlands is very high. In combination with sea level rise, consequences can be
high, but extreme weather alone will not have high consequences and therefore scores
medium, a three.
Extreme precipitation is expected to have high impacts, since precipitation is expected to
increase and Rotterdam is short of space for water storage. Local flooding is thus likely to
occur and consequences will be high, but not very high, because of the local impact.
Consequences of extreme precipitation are thus rated a four.
What goes for Table 3.1 (probabilities) also goes for Table 3.2: in proportion to each other,
the different aspects score the same in both ratings, but the ratings from experts are one
level lower than those based on literature. The range in experts’ ratings is highest on sea
level rise, which may be because of the uncertainty and the many different scenarios that
exist on sea level rise.
Table 3.2 - Quantification of the consequences of climate change (1=very low; 5=very high). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Eight experts
(#8) participated, the range shows the lowest and highest score given.

Consequences
Literature

3.5

Experts

(range)

Sea level rise

4

3

(1-5)

Extreme weather events (storms, hurricanes)

3

2

(1-4)

Extreme precipitation

4

3

(2-4)

Main reasons to start adaptation to climate change
Already occurred extreme weather events
In 2001 and 2002 intense downpours caused city flooding in Rotterdam, which resulted in
submerging streets in the city centre. This led to a public discussion, because the surface
water system and the sewer system should be able to deal with heavy rainfall that could
occur once every 100 year, but flooding occurred three consecutive times. These
developments raised public and political questions, which resulted in an integral water plan
for the city of Rotterdam, taking into account all the aspects of water management (surface
water, sewer systems, river levels, water quality) [Verhoeven, 2010]. These already occurred
extreme weather events made Rotterdam think about water management and have been a
reason for adaptation in urban water management. Another extreme weather event took
place near Rotterdam: the 1953 flood. This has been mentioned in paragraph 3.4.2.
Although this is a long time ago, the flood was the reason for the Netherlands to upgrade
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their dike protection system and initiate the Delta Program, and is thus an important reason
why Rotterdam is doing well on climate adaptation.
Recognizing opportunities related to climate change
Rotterdam tries to see water as an opportunity instead of as a problem. Water has to be
stored, even more in future, and Rotterdam is in search of ways to combine water storage
and the addition of spatial quality to the city. In the city center and the old neighborhoods, it
is not possible to tackle the problems of water storage by simply digging new facilities. The
costs are exorbitant and existing buildings can’t simply be demolished. Innovations such as
green roofs, ‘water squares’ and alternative forms of water storage are therefore essential
for the further development of the city [Gemeente Rotterdam et al., 2007].
According to Piet Dircke [et al., 2010, p.30] “Rotterdam is the perfect showcase for climate
change adaptation in the Netherlands and it is an inspiring example for delta cities
worldwide. Rotterdam will prove that dealing with climate change in a pro-active and smart
way creates opportunities for an attractive and economically strong delta city of the future!”.
This underlines the ambition of Rotterdam to be an example for other cities and shows that
Rotterdam is really trying to see climate change as an opportunity to distinguish itself from
other cities in the world.
Further on, Piet Dircke [et al., 2010, p.31] say: “As a result of the successful combination of
climate adaptation implementation and research, Rotterdam will become an innovative
center for water management and climate change; a truly smart delta city. International
collaboration with other delta cities will be intensified and extended, and will definitely gain
momentum, creating new opportunities for businesses and knowledge institutions in, and
around, Rotterdam. The leading role of Rotterdam in the Netherlands as an international
showcase for water management and climate change was underlined by the decision of the
Dutch Water sector, to establish a National Water Centre in Rotterdam. An important
milestone for the city in 2012 will be the opening of the National Water Centre in
Rotterdam, as part of the Dutch Delta Design 2012 event”.
This clearly shows that Rotterdam really sees climate change as an opportunity to distinguish
itself as a smart delta city, an example for delta cities worldwide.
Research on impacts and adaptation
In 2005 a trajectory has been started as preparation to the architecture biennale, which
focused on water management and was themed: Rotterdam 2035. All kinds of experts were
given the assignment to develop a vision on Rotterdam in 2035 and within this process
climate change has been introduced as a future development. Before, water was a very
sectoral aspect, but now it had become an integral theme in many sectors. Around that time,
public debate about climate change also started and all kinds of (research) programmes have
been initiated, like ‘Nederland leeft met Water’ and ‘Rotterdam Climate Initiative’.
[Verhoeven, 2010]. These are examples of research on adaptation opportunities in
Rotterdam. In the documents studied, research on impacts of climate change is not
considered a big reason to adapt. This is underlined by Paula Verhoeven, saying that
Rotterdam does not directly use the climate scenario’s developed by the IPCC [Verhoeven,
2010].
Economic costs of inaction
The city of Rotterdam is quite safe because of the high protection offered by the dike
protection system. However, the port of Rotterdam is in danger and in the future, sea level
rise and storms can cause a lot of economic damage, resulting in high costs. Economic costs
of inaction do thus exist, but in the (policy) documents studied this has not directly been
mentioned as a reason to start adaptation. Indirectly however, Paula Verhoeven [2010]
mentioned the need to undertake action now and integrate climate adaptation into current
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plans, because this is a lot cheaper than implementing measures when plans have already
been made.
Other reasons
The other two possible reasons for adaptation, international climate negotiations and
examples of adaptation actions in other cities are not mentioned as reasons for adaptation.
Rotterdam has a very international perspective, but international negotiations do not seem
to play a role in adaptation at all and while Rotterdam wants to be an example for other
cities, it does not seem to look at other cities to learn from them.
Conclusion
City flooding from extreme precipitation in 2001 and 2002 and the major flood in 1953 have
been very important events causing the Netherlands, and thus Rotterdam, to start climate
adaptation and therefore weather- related extreme events scores a five. The other main
reason is the opportunities Rotterdam sees related to climate change. The city’s ambition to
be an example for other cities in the field of climate adaptation makes this reason score a
five as well. Research on adaptation does take place on a very specific level, but the climate
change scenarios are hardly taken into account. That is why this reason scores a three.
Economic costs of inaction scores a three as well, since it plays a role in some projects, but
has rarely been mentioned in the documents studied. The two other possible reasons,
international climate negotiations and examples of adaptation actions in other cities are not
mentioned as reasons for adaptation at all and score very low, a one.
In both ratings (Table 3.3) recognizing opportunities is one of the most important reasons for
adaptation, examples from other cities is the lowest and economic costs of inaction is rated
medium. Other reasons are rated differently, although differences do not amount more than
two levels. The low score on examples from other cities can be explained because Rotterdam
wants to be an example for other cities, and may therefore not consider other cities to be an
example for her. The difference in ratings at already occurred weather- related extreme
events may exist because the score based on literature has taken the 1953 flood into
account, while experts probably have not done this. The range in experts’ rating is quite
high; at least two levels at each aspect.
Table 3.3 - Quantification of the reasons to start adaptation (1=no reason at all; 5=very important
reason). Own interpretation of plans and literature (middle) and the average of experts’ scores (right).
Eight experts (#8) participated, the range shows the lowest and highest score given.

Reasons to start adaptation
Literature
Already occurred weather- related extreme events

3.6

5

Experts

(range)

3

(1-5)

Research on impacts and adaptation

3

4

(2-5)

Economic costs of inaction

3

3

(2-4)

Recognizing opportunities related to climate change

5

4

(2-5)

International climate negotiations

1

3

(2-4)

Examples of adaptation actions in other cities

1

2

(1-4)

Current responsibilities
Many responsibilities and tasks have been described in the ‘Waterwet’. Municipalities are
responsible for the sewer system and for the discharge of rain water, the Water Boards are
responsible for quality and quantity of the surface water and partly for the dikes and dunes
along the coast. This latter responsibility is shared with Rijkswaterstaat, who is also
responsible for the rivers [Verhoeven, 2010]. The province of Zuid-Holland is responsible for
the regional dike system [Gemeente Rotterdam et al., 2007]. Developers (private sector) are
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responsible for all spatial developments they undertake outside of the dike system. However,
these responsibilities do not really stress adaptation to climate change, because, as Paula
Verhoeven [2010] stresses, climate adaptation is a new sector and responsibilities within
that particular sector have not yet been clearly defined.
Conclusion
In fact, all kind of different government bodies currently have high responsibility for certain
parts of water management and climate adaptation and therefore all of these score a five.
Private sector is responsible, but only for their own actions, which gives them medium
responsibility over all; a three. Residents and NGO’s are not mentioned at all in terms of
responsibility, so they both score a one.
Table 3.4 shows that both ratings differ one level from one another on each aspect. Hereby
the aspects have more or less a similar score in proportion to each other, but extremes are
higher in the rating based on literature. The similarities between the two ratings can be seen
as a proof that current responsibilities have been clearly defined in Rotterdam. The range
between the scores of the different experts varies from two to three levels.
Table 3.4 - Quantification of who is currently responsible for adaptation (1=not responsible; 5=highly
responsible). Own interpretation of plans and literature (middle) and the average of experts’ scores
(right). Eight experts (#8) participated, the range shows the lowest and highest score given.

Currently responsible for adaptation

3.7

Literature

Experts

(range)

Residents who choose to live in vulnerable areas

1

2

(1-4)

Local government

5

4

(3-5)

Regional government

5

4

(2-5)

National/federal government

5

4

(3-5)

Private sector

3

2

(1-4)

Water board

5

4

(2-5)

NGO’s

1

2

(1-3)

Adaptation strategies
The ‘risk approach’ (risk= chance*consequence) plays an important role in Rotterdam,
especially for areas that are located outside the so called dike rings. In these areas flooding is
considered acceptable if the (personal or material) damage (the consequence) is limited, and
the other way around: if potential damage is high, the chance of flooding has to be very
small.
According to Paula Verhoeven [2010], priority is given to flexible no-regret options, options
that fit in every climate change scenario. Within five years more knowledge on climate
change is available and Rotterdam wants to be able to adjust to this new knowledge.
Strategies should thus be flexible and adjustable and only measures that will be necessary in
every scenario should be taken.

3.7.1

Pro-action
The strategy that is followed mostly is pro-action; trying to avoid disasters or damage from
disasters [Verhoeven, 2010]. In flood-prone areas, especially those outside the dikes,
building restrictions have been applied. For instance, in the harbour various companies have
been moved towards safer locations, or even elevated. And more innovative solutions like
floating buildings may be implemented in the future [Gemeente Rotterdam et al., 2007]. If
Rotterdam starts to build outside the dikes, the design will also have to take account of
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possible higher water levels in the future, the so called adaptive approach [Gemeente
Rotterdam et al., 2007].
At this time, 40,000 of Rotterdam’s inhabitants live outside the dike system (Figure 3.1 and
Figure 3.5), only protected by the Maeslant Barrier. For these citizens, new types of climate
proofing are under development, including retrofitting of existing buildings and new
constructed adaptive housing types like floating homes [Dircke et al., 2010].
Rotterdam is thus looking for alternative options that enhance flood protection and add
value to the attractiveness of the city. To achieve this, an innovative integrated adaptation
strategy, combining spatial planning, architecture and flood protection is being introduced.
Rotterdam plans to develop 1600 ha of adaptive waterfront locations in the old harbor area
in the city center. The ‘Stadshavens’ or City Ports project currently is one of Europe’s largest
urban redevelopments. Through adaptive architecture, this neighborhood can be made
climate proof and serve as a high quality waterfront living and working area. This requires
new ways of developing buildings that, for example, allow water to move through the
neighborhood in the event of a flood without causing casualties or damage to assets.
Floating homes may be part of this new adaptation strategy. These new technologies are
being developed at knowledge centers like the RDM Campus (Research, Design and
manufacturing), an initiative of the Rotterdam University of Applied Sciences, the City of
Rotterdam, the Port Authorities and other private and public parties [Dircke et al., 2010].

Figure 3.5 - New perspectives for water management in Rotterdam [Gemeente Rotterdam et al., 2007]

3.7.2

NAP: Baseline for water levels
in the Netherlands

Prevention
As said before, 26% of the Netherlands is below sea level. If water would be able to flow in
freely, this whole area would be submerged. Therefore, the Netherlands are surrounded by
dikes and dunes to keep the water out as much as possible. Along the west coast of Noorden Zuid-Holland, where the land meets the North Sea, the dunes are able to withstand a
storm estimated to occur once in 10.000 years. Regional water systems have a 1:4000 or
1:2000 safety norm [Dircke, 2010]. The design surge level is determined at 4 m (the 1953
flood generated a surge height of 3 m). To protect against such a storm, taking surge levels
and breaking wave heights into account, the height of the average dike along the Rotterdam
coast is more than 10 m above NAP. This protection level reflects both the number of
inhabitants and the economic value of assets within a dike ring; the more people and
economic value to be protected by levee infrastructure, the higher the safety standard. All
quays and dikes that do not yet meet this standard will be reinforced in the coming years.
But in the more long term too, the city will have to be protected. As climate change is
expected to increase the frequency and severity of flooding events, these flood probabilities
will accordingly increase rapidly with sea level rise [Dircke et al., 2010]. For this reason,
space will be reserved now for enforcing the flood defenses in due course. This does not
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mean that these dikes will form massive barriers between areas. Water managers and urban
developers will work together, using them, where possible, as a connecting element, as park
landscape, balcony on the Maas or footpath and cycle route [Gemeente Rotterdam et al.,
2007].
Based on the new Dutch Delta plan, produced by the new Delta Commission, the Dutch
government will spend over one billion euro a year until 2100 extending and strengthening
the countries dikes and improving flood control [Dircke et al., 2010].
To protect Rotterdam for the future climate and flood conditions, the city is developing
innovative, multifunctional types of urban flood protection that are not only safe but also fit
optimally into the dense urban fabric, not creating a barrier disturbing the urban flow but a
structure that adds value to it, with new and attractive parking space, green areas and
pedestrian zones.

3.7.3

Preparation
As has become clear from the previous paragraph, the Netherlands have a long history in
‘keeping the water out’, and this still is the main strategy. However, a shift in paradigm is
about to come. ‘Living with water’ is the new slogan of the city of Rotterdam and in policy
documents this shift can also be notified. The new Delta Plan for example indicates there is a
need to build special flood protection around the port and the city of Rotterdam. A number
of different scenarios are under consideration in an open debate known as ‘Rhine Estuary
Closable but Open’. Central question in this debate is: ‘Should Rotterdam be protected by an
extended and complex system of barriers, dams and gates that keep the sea out, or should
Rotterdam embrace the sea and opt for a new balance in the water system and allow the
salt water to flow freely in and out of the city?’ [Dircke et al., 2010].
According to Corné Nijburg, program secretary of the foundation ‘Leven met water’ (Living
with water), “Water can just be banned to a certain extent, therefore it is wise to investigate
how to adjust to the presence of water in a creative way” [Gemeente Rotterdam et al., 2007,
p.82].
More and more attention is paid to the consequences of flooding instead of the probability
of flooding and opportunities for evacuation are offered in certain vulnerable areas instead
of trying to protect those areas at all costs [Gemeente Rotterdam et al., 2007].
In the Rotterdam Adaptation Strategy some potential measures are mentioned to prevent
damage from flooding [Dircke et al., 2010, p.44]:
-

set up an early warning system
design an evacuation plan
flood proof infrastructure (utilities)
raise main roads for evacuation

According to Woltjer and Kranen [2010], the flood forecasting and flood warning efforts
score high in the Netherlands.

3.7.4

Response
Woltjer and Kranen [2010] also stress that the Netherlands does not seem to anticipate
adequately on incidental flooding of protected areas, as it seems that little of the built-up
environment is flood proofed, and critical infrastructure is poorly protected against floods.
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Low scores on measures related to incidental flooding may be explained by the historical
development of the country. The Dutch have a long and rich history of water management
and are as a consequence regarded as one of the leading countries in flood protection
technology. This good quality of works imposes that the public and decision-makers fully rely
on it. The possibility that things may go wrong is generally put aside, or treated as an
acceptable risk. This leads to a situation in which apparently only small pieces of the famous
low lying Netherlands are actually prepared to flood [Woltjer & Kranen, 2010] and measures
aiming at response to floods are hardly present.

3.7.5

Recovery
In the Rotterdam Adaptation Strategy [Dircke, 2010] p.44), three type of adaptation
strategies have been distinguished:
1.
Minimizing the probability of a calamity;
2. Minimizing the consequences and
3. Improving the recovery
The third point does briefly stress recovery, and this has been further explained by Dircke
[2010, p.44] providing some examples of potential recovery measures:
arrange backup systems (water supply)
arrange a help desk for damage-related questions
create flood damage insurance fund
install pumps
These measures have been proposed and are planned to be taken, but have not been taken
yet [Gemeente Rotterdam et al., 2007].

3.7.6

Conclusion
Throughout history Rotterdam has put strong emphasis on prevention and this is therefore
definitely the main strategy. A rating of five is thus applied here. However, other strategies
are getting more and more attention and importance. Building restrictions are applied and
alternative options like floating homes are investigated, which makes the strategy of proaction score a four here. Preparation also scores a four, since Rotterdam is shifting from
‘keeping the water out’ to ‘living with water’. The adaptation strategy response is lagging
behind, because of the strong focus on prevention. This also goes for recovery. However,
both strategies are upcoming, but not yet important right now. Therefore, they both score a
two.
Both ratings in Table 3.5 come up with the highest score for prevention and recovery scores
low in both ratings. The largest difference is on pro-action, which may be because experts
have not taken floating houses into account with respect to pro-action. Scores on other
strategies however differ slightly and ranges amongst the experts’ scores are quite high.
Table 3.5 - Quantification of the adaptation strategies chosen (1=not important; 5= very important).
Own interpretation of plans and literature (middle) and the average of experts’ scores (right). Eight
experts (#8) participated, the range shows the lowest and highest score given.

Adaptation Strategies
Literature

Experts

(range)

Pro-action

4

2

(1-5)

Prevention

5

4

(1-5)

Preparation

4

3

(1-4)

Response

2

3

(1-4)

Recovery

2

2

(1-4)
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3.8

Adaptation measures

3.8.1

Technical solutions

Figure 3.6 - Artist’s impression
of creating more open water in
the city for storing excess
rainwater in the Rotterdam
area [Dircke et al., 2010].

Figure 3.7 - Reservoir as part of
a newly built underground
parking garage [Dircke et al.,
2010].

With regard to precipitation, being a (large) city has two disadvantages. Firstly, because of
the large concrete surfaces, water hardly drains into the ground immediately after a
downpour. Therefore, water needs space to be
stored to prevent flooding. As mentioned
before, the Rotterdam Water Plan requires an
3
additional 600.000m of storm water storage
space. But this is where the second problem
shows up: in a dense city, space is scarce and
expensive. Therefore, increasing precipitation
(intensity) demands for creative and integral
thinking. Within every large building project,
chances for water storage are investigated.
[Verhoeven, 2010]. In the dense city center,
open water areas are used for storing extra
water by retrofitting ponds in city parks, or
adjusting canals to store more water, so that in case of an extreme precipitation event, their
water levels may rise without inundating surrounding areas [Dircke et al., 2010]. Figure 3.6
offers an artist impression of how more open
water can be created. Figure 3.7 shows the
development of a new underground parking
garage with a sloping entrance of a storm water
storage basin underneath, connected to the
city’s storm water and sewerage system. The
capacity (10,000 m3) of the reservoir is large
enough to store 50 percent of the expected
volume of rainwater that falls in one storm in
the city centre Rotterdam. The construction of
this basin is finished by the end of 2010 [Dircke
et al., 2010]. Another technical example are
water squares. Figure 3.8 shows an example of
a water square and Figure 3.9 shows a water square that is about to be conducted since they
can store water in times of peak rain events but can be used as a playground in normal
conditions [Gemeente Rotterdam et al., 2007].

Figure 3.8 - Principle of a water square 95% of the year (left) and 5% of the year (right) [Dircke et al.,
2010].
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Figure 3.9 - Design Bloemhofplein, depicting different weather situations. Water plazas are an
innovative way to deal with heavy rainfall [Gemeente Rotterdam et al., 2007].

Other solutions are water storage on streets (in between speed bumps), on parking lots or in
water balloons located at badly-used spots like left-over space in infrastructural projects.
On the future map in Figure 3.10 Rotterdam is divided in three areas.

Figure 3.10 - Rotterdam 2035. (1) Singelstad 2035, (2) Rivierstad 2035 & (3) Vaartenstad 2035.
[Gemeente Rotterdam et al., 2007].

1. Singelstad - The northern part of Rotterdam exists of many new singels (canals in urban
environment), which connect existing singels and expand them. Beautiful squares originate
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and have the extra function of water storage in case of heavy rainfall. Green roofs will be
normal in the city scene [Gemeente Rotterdam et al., 2007].
2. Rivierstad - In 2035, the river is the pearl of Rotterdam. Rotterdam really is a city at the
river. Sea level rise plays a big role: where necessary dikes have to be heightened to protect
the city, but unembanked alluvial land still exists, like the Waalhaven and the
Merwedehaven, which will be redeveloped. All kinds of new residential environments can
originate here, like living on the water [Gemeente Rotterdam et al., 2007].
3. Vaartenstad - In the southern part of Rotterdam, the water level is equal everywhere, so
all the water bodies can be connected and one large water network comes into being. An
attractive system of vaarten (canals) will be developed and all kinds of opportunities for
living at the water originate [Gemeente Rotterdam et al., 2007].

3.8.2

Environmental restoration
The Rotterdam Adaptation Strategy stresses potential ‘ green’ measures to prevent flooding
from storm water [Dircke et al., 2010, p.44]:
-

greening the city, converting paved into unpaved surfaces
apply permeable paving
apply less tiles and more green in gardens

The Waterplan 2 gives some other examples of ‘ green’ measures in the city, like wadis,
water gardens and green roofs [Gemeente Rotterdam et al., 2007]. Green roofs slow the
rate of roof runoff and can retain between 10-20 mm of rainwater, which equals an average
3
3
of 100m to 200m of water per roof in Rotterdam. After a downpour green roofs gradually
release water back into the atmosphere via evaporation. Rotterdam has a large government
support program in place for the partial subsidizing of the development of green roofs.
3
3
Subsidies vary from 10 euro/m to 30 euro/m . Green roofs result in a lot of advantages for
different parties (water board - less peak water discharge, municipalities - better city climate,
2
and home owners - lower energy costs) [Gemeente Rotterdam et al., 2007]. Nearly 50.000m
of additional green roof has been developed so far in Rotterdam [Dircke et al., 2010].
The measures stressed above mainly focus on how to deal with extreme precipitation.
Environmental restoration as a solution to sea level rise or extreme weather is just rarely
being applied in Rotterdam. Under the theme ‘Leven met Water’ nature restoration takes
place in areas outside the dikes [Verhoeven, 2010] and at the Westersingel a holm offers
room for the river in case of high water levels [Gemeente Rotterdam et al., 2007].

3.8.3

Regulations
According to Woltjer & Kranen [2010, p.13] “it seems that, despite the well-developed
spatial planning practice in the Netherlands, the available information on flood risk is
minimally transferred into concrete spatial policy. (…) it can be concluded that especially the
application of spatial planning to reduce the vulnerability of society is underrated and not
applied to its full potential. Even though the needed knowledge is widely available, it seems
to be difficult to translate this into concrete rules and regulations that steer spatial
development.”
According to Paula Verhoeven [2010] however, spatial planning and regulations play an
important role in climate adaptation, especially by involving sustainability into all kinds of
spatial plans. The Rotterdam Water Plan 2030 is an example of such a plan.
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Again, these measures mostly aim at how to fight the consequences of extreme precipitation.
‘Regulations’ is lagging behind as a response to sea level rise and extreme weather events,
since all of the western part of the Netherlands is very low lying and thus vulnerable, but at
the same time the most densely populated part of the Netherlands.

3.8.4

Retreat
The Netherlands is famous for its impoldering – gaining land from the water. A whole new
province (Flevoland) has even been created by this process of embankment. Fighting the
water is part of the history of the Netherlands. During the last years, retreat is discussed
now and then, but it still is a very susceptible subject; why would you give up land while your
ancestors have fought to gain it and protect it? Besides, the whole western part of the
Netherlands (including Rotterdam) is the country’s economic center and therefore of major
importance. Retreat from this area is way too costly and thus not an option at all.

3.8.5

Conclusion
Technical solutions are the most important kind of measures in Rotterdam. The city is
protected from the sea by dikes and dams and increasing precipitation is fought by retention
ponds and other technical solutions. Therefore, this scores a five. Other solutions for
extreme precipitation are green roofs, water gardens and wadis, measures that fall in the
category of environmental restoration. This however is just getting started and mainly
focuses on extreme precipitation, more than on sea level rise and extreme weather events
and therefore scores a three.
Sustainability may be involved in spatial plans and measures like water storage in buildings
of green roofs may have been taken, but the spatial environment has not yet been changed
that much: people still live in vulnerable areas close to the sea and the river, because of the
high protection level. However, plans have been made for floating houses in vulnerable
areas. This results in a medium score for regulations, a three.
Because of its history in fighting the water and because of its major economic importance,
retreat is not an option at all in Rotterdam and has not been mentioned in any of the
documents studied, so this reasons scores a one.
Table 3.6 shows that both literature and experts see technical solutions as the main type of
measures in Rotterdam and retreat as something that is given hardly any attention to.
Regulations scores a three in both ratings, but environmental restoration is rated lower by
experts than by literature. This may be because experts did not consider green roofs as
environmental restoration, while in the rating based on literature this did count as
environmental restoration. The range is the broadest at technical solutions and regulations
and two levels at the other two types of measures.
Table 3.6 - Quantification of the adaptation measures taken (1=not important; 5= very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Eight experts
(#8) participated, the range shows the lowest and highest score given.

Adaptation measures
Literature

Experts

(range)

Technical solutions

5

4

Environmental restoration

3

2

(1-3)

Regulations

3

3

(1-5)

Retreat

1

1

(1-3)
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3.9

Costs and spatial quality
Rotterdam wants to ensure that the measures do not just aim at solving the problems
related to climate change, but also give an extra boost to the quality of the city’s physical
environment [Molenaar et al., 2009]. Measures like creating new canals for water storage,
green roofs and water plazas are examples of solutions that serve both goals: climate
adaptation and enhancing spatial quality. Spatial quality does thus play an in important role
in Rotterdam.
Aerts et al. [2008] have investigated costs of flood management investments in the entire
Netherlands (Table 3.7).
Table 3.7 - Costs of flood management investments under different climate change scenarios (billion
euros). These are the costs without upgrading the existing large barriers such as the Maeslant storm
surge barrier in Rotterdam [Aerts et al., 2008 & Aerts, 2009].
SCENARIOS
2040
Sea level rise (cm)

2100

2100

2100

Far future

24

60

85

150

500

Max discharge River Rhine (m3/s)

16,700

18,000

18,000

18,000

18,000

Max discharge River Meuse (m3/s)

4,200

4,600

4,600

4,600

4,600

COSTS IN BILLION EUROS
River works
River widening Rhine

2.7

5.5

5.5

5.5

5.5

River widening Meuse

1.3

4.2

4.2

4.2

4.2

Levee reinforcement

0.2

1.8

2.6

6.1

36

Beach nourishment Holland

1.9

6.4

9.1

16.0

25

Beach nourishment Wadden Sea

1.1

3.8

5.4

9.6

?

Beach nourishment Western Scheldt

0.1

0.4

0.6

1.1

?

Coastal levee reinforcement

1.9

2.3

2.6

3.4

8

9

24

30

46

>80

Coast

Total

These are costs for the maintenance of 3500 km of levees, the nourishment of 450 km of
beaches and the widening of the main rivers. Each climate change scenario consists of a
combination of projected sea level rise and maximum discharges from the rivers Rhine and
Meuse.
This overview of costs does relate to the Netherlands as whole and does not concern
Rotterdam in particular. It is hard to find literature on the costs of climate adaptation in the
city of Rotterdam itself and therefore this information is absent here.

3.10

Who should be responsible?
Since literature on ‘who should be responsible’ is hardly present, a summary of the literature
that was found is given, but no scores based on literature will be given in this paragraph.
The city of Rotterdam is trying to create moral responsibility amongst the private sectors and
the public, in order to create a sustainable city. This is mostly done for climate mitigation. By
communication, many people are already aware that something needs to happen. People
are already aware that things change and that they should possibly do something. They now
want to know what they can do. Government wants to let them pay attention to simple
choices that cam make them save money, for instance by lowering the use of resources like
water and electricity. This is not only environmental-friendly, but also cost-saving and in that
sense attractive to people and especially to companies, as part of ‘societal-responsible
undertaking’ (maatschappelijk-verantwoordelijk ondernemen) [Verhoeven, 2010]. So
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according to the city of Rotterdam, responsibility should be scattered amongst all different
parties, with respect to climate mitigation. This is in part also the case for climate adaptation,
since Rotterdam wants to stimulate home owners to take responsibility and choose for
green roofs, for example [Gemeente Rotterdam et al., 2007].
In the survey, experts have been asked who they consider responsible for climate adaptation.
Table 3.8 shows the results, which shows that government in its’ various forms is given high
responsibility, while private sector and NGO’s are not considered to be responsible and
residents have medium responsibility.
Table 3.8 - Quantification of who should be responsible (1=not responsible; 5= highly responsible). The
scores are the averages of experts’ scores. Eight experts (#8) participated, the range shows the lowest
and highest score given.

Who should be responsible for adaptation
Experts

(range)

Residents who choose to live in vulnerable areas

3

(2-4)

Local government

4

(4-5)

Regional government

4

(3-5)

National/federal government

4

(3-5)

Private sector

2

(1-3)

Water board

4

(3-5)

NGO’s

2

(1-2)
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4. New Orleans

[Google Earth, 2011]

4.1

Introduction
This chapter discusses the impacts of climate change and adaptation to these impacts in the
city of New Orleans. Every paragraph, except 4.2 (current situation) and 4.9 (costs and
spatial quality) contains a table where the elements of that particular paragraph are
quantified by two ratings. The first rating is based on my interpretation of literature and
plans studied, and the second rating is the average of scores given by the experts in the
survey. A total of 4 experts participated in the survey on New Orleans. When the difference
amongst the experts’ score and the score based on literature is more than one level, a
possible explanation is given.

4.2

Current situation
The city of New Orleans is situated along the borders of the Mississippi river in the State of
Louisiana, at the Gulf of Mexico. As flood water from the river spread out and slowed down,
lighter clays and fine silt were loosely deposited further away and resulted in a natural high
ground around five meters above sea level along the river [Dircke et al., 2010]. New Orleans
originally developed along these tenuous bands of elevated earth and has become an
industrial and distribution center [Dircke et al., 2010]. It has an important harbor and is
famous for its rich cultural heritage, especially the music and the food.
South-eastern Louisiana’s economy is focused around the oil, gas, and petrochemical
industries, shipping traffic, seafood and tourism. Petrochemical production provides over
$12 billion annually in household earnings throughout the state. More than 25 percent of
the nation’s ocean bound exports pass through Louisiana’s ports, and a quarter of all
commercial fishing catches in America land in Louisiana. Additionally, tourism generates $5.2
billion statewide, mostly in New Orleans, which was recently rated the world’s premier
nightlife hotspot. Digital media, film-making, and the water sector are emerging industries
[Dircke et al., 2010].
Water is New Orleans’ source of sustenance and prosperity, yet it also challenges the city’s
very existence. In order to exploit its potential, generations of New Orleanians have built
levees, dug canals, and pumped, drained and diverted water across the land to fortify the
city against nature’s persistent threat, defensive strategies that have sometimes also
counteracted natural processes. In 1866, US Civil War general A.A. Humphreys became chief
of the US Army Corps of Engineers and developed a policy that predominantly involved the
development of a levee system. In 1913, highly efficient screw pumps were invented by
Albert Baldwin Wood and installed at outfall canals that drained the back swamp to the lake.
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With the deployment of these powerful pumps, the New Orleans drainage system was the
most technologically advanced system in the world [Campanella, 2009 in: Dircke et al.,
2010].
With confidence in this mastered terrain, post-World War II development near the lakeshore
abandoned the traditional raised housing type. Ironically, the newly available land was
below sea level and continually subsiding due to the same drainage system of levees and
pumps that permitted its development. Today, pile-supported box culverts remain high
while the adjacent land falls away. Eventually, concrete floodwalls were required along the
outfall canals to prevent lake surges from flooding the city. Despite improvements, street
flooding commonly occurs during rain storms due in part to the system’s inherent lack of
water storage. On a macro scale, the flood-proof, leveed river can no longer rebuild and
sustain delta soils. Dams and reservoirs far upstream trap fifty percent of the river’s
historical sediment load, and much of the remaining sediment is channeled past wetlands
and over the continental shelf [CWPPRA, 2010 in:Dircke et al., 2010]. The comprehensive
levee and pump system now encircling the city provides protection but also seals human
development into a slowly subsiding bowl. All of New Orleans’s 1500 mm of rainfall per year
must be pumped out and the dried former back swamp continues to compact and subside at
a rate of anywhere from 0.5 cm to almost 2 cm per year [Campanella, 2009 in:Dircke et al.,
2010]. At once New Orleans’s lifeblood and primary historical antagonist, water has been
covered up and walled off.
In 2005, New Orleans was catastrophically impacted by Hurricane Katrina and 80 percent of
the city flooded with water standing over 3 meters high for weeks in some areas [Kok et al.
2007 in: Hermens et al., 2010].

Hurricane Katrina was the fourth most powerful storm to strike the Mississippi Deltaic
Plain (MDP) since 1893, with respect to maximum wind speed at landfall, but was more
remarkable for the hundreds of kilometers of coast affected by a storm surge of more
than 3 meters [Day et al., 2007].
As a consequence, Katrina was one of the largest natural disasters to ever hit the USA
(American Society of Civil Engineers, 2007), causing Louisiana’s inhabitants to evacuate,
dispersing them all over the continent, a serious number of them not to return until today
[Hermens et al., 2010].
At the time of Katrina in 2005, New Orleans had a population of 437,186, down from a peak
of 626,525 around 1960, a reduction of approximately 30 percent. Over the same period,
despite population loss, the city’s area increased from approximately 100 square miles (259
2
2
km ) to its current size of 180 square miles (466 km ). Since Katrina, the population has fallen
an additional twenty percent, but even before the storm New Orleans was facing issues of
contraction, under-population and decline [Dircke et al., 2010]. In 2009 New Orleans’
population has been estimated to be approximately 355.000 [New Orleans Visitors Bureau,
2011].
Over the past five years New Orleans has been working hard to its recovery. Residents have
slowly been returning and services re-opened, but recovery is still far from complete.
Bare streets remain derelict of vegetation; parks are nothing but shadows of their former
glory. Houses remain vacant or were damaged beyond repair, demolished, and not rebuilt.
The infrastructure of roads and electricity posts is still heavily damaged. Furthermore the
surge of Katrina’s salt water caused steel pipes to corrode and water, sewer and drainage
lines below the streets to shift, loosening joints and causing countless breaks [AP, 2007 in:
Hermens et al., 2010].
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4.3

Probability of the impacts of climate change to occur

4.3.1

Sea level rise
Different scenarios for sea level rise are mentioned for New Orleans. The lower scenarios
predict sea level rise to accelerate from 0.3 cm/yr in the year 2000 to 0.4 cm/yr in the year
2100 [Blum & Roberts, 2009 ], while the higher scenarios predict a 1 cm/yr rise in sea level in
the next 50 years [Meffert, 2009]. Besides, the Mississippi delta is sinking about 0.5 cm/yr on
average [Inman, 2010], so relative sea level rise varies from 0.8 cm/yr to 1.5 cm/yr.

4.3.2

Extreme weather events
Hurricanes have been part of New Orleans’ history since the city was settled in the early
18th century by the French [Fitzpatrick, 1999: McCarragher, 2010]. With an average
elevation of 1.8 meters (6 feet) below sea level, New Orleans is a shallow depression ringed
by levees and thus vulnerable to massive flooding (Figure 4.1 and Figure 4.2) because there
is nowhere for floodwaters to go [Yamazaki, 2002 in: McCarragher, 2010]. A storm surge
from a slow-moving Category 3, 4, or 5 storm can reach 10 meters (30 feet) [Fitzpatrick,
1999: McCarragher, 2010]. This can create problems because the pumps designed to pump
out the city cannot work when they are completely submerged.
Hurricane Katrina may be the most memorable storm in New Orleans’ history, but its
trajectory across the Pelican State was far from unique. Louisiana was hit by 49 of the 273
hurricanes that made landfall on the American Atlantic Coast between 1851 and 2004. In
addition, eighteen of the ninety-two major hurricanes with Saffir-Simpson ratings of
category 3 or above have struck the state [Blake et al., 2005]. On average, one major storm
crosses within 100 nautical miles (185 km) of New Orleans every decade [King, 2006 in:
McCarragher, 2010].
New Orleans history offers its own perspective, including the four most destructive storms of
the twentieth century: the Hurricane of 1947, Betsy (1965), Camille (1969), and Georges
(1998) [Yamazaki, 2002 in: McCarragher, 2010].

1-in-100-year flooding with current level of protection

Figure 4.1 - Depth of a flood from hurricanes that has a 1% chance of occurrence every year, with
current protection [USACE, 2008]
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1-in-100-year flooding with new level of protection

Figure 4.2 - Depth of a flood from hurricanes that has a 1% chance of occurrence every year, with the
100-year level of protection [USACE, 2008]

An average of 11 named storms pass through the Gulf each year, and over the next century
their frequency and magnitude – and the sea level itself – are projected to increase [NHC,
2010 in: Dircke et al., 2010]. Therefore, the probability of a hurricane to hit New Orleans is
estimated very high [First American Corporation, 2010].

4.3.3

Extreme precipitation
At 30 degrees north latitude, New Orleans is subtropical. Average monthly temperatures
range from 12 to 28 °C. Average annual precipitation is approximately 1572 mm (1961-1990)
and additionally, rainfall in New Orleans is extremely intensive; rainfall in excess of 75 mm in
24 hours, or 100 mm in 48 hours is an almost annual event in the city [Stuurman in: Meyer,
Morris & Waggonner, 2009, p.44, in: Hermens et al., 2010].
During the 1970s, 1980s and 1990s, extreme precipitation events frequently caused interior
th
floods and even on December 12 2009 a series of thunderstorms caused flooding in many
neighborhoods and knocked out power to thousands. According to residents, water has not
been that high since Hurricane Katrina [Hermens et al., 2010].
According to Boesch [2002: Hermens et al., 2010] models of the U.S. National Assessment of
the Consequences of Climate Variability and Change predict a continuation of the trend in a
decreased overall precipitation in South-Louisiana. However, rainfall events are likely to be
more extreme, with heavy downpours separated by long dry spells. Based on in situ
observations Groisman et al. [2003] observe a linear trend of an increase of 26% during
heavy precipitation events.
The very large volumes of rain in short time periods often exceed the capacity of the storm
water system in New Orleans [USACE, 2009a, p.111 in: Hermens et al., 2010]. When rainfall
is expected to be more extreme, this will be an even bigger challenge for the city of New
Orleans.

4.3.4

Conclusion
According to different studies, sea level in New Orleans will rise at least 0.4 cm/yr and will in
2100 thus be 36 cm higher than it is now. However, combined with the subsidence of the
soil, sea level can be 80 cm to 150 cm higher in 2100 than it is now. Whether the lower or
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the higher scenario will come true, the probability of sea level to rise in New Orleans is very
high and will thus be rated a five.
Hurricanes are also very likely to occur in New Orleans, as history points out. On average,
one major storm crosses within 100 nautical miles (185 km) of New Orleans every decade
[King, 2006 in: McCarragher, 2010]. This means that the probability of a hurricane to occur
until 2100 will be scored very high as well: a five.
History also points out that heavy rainfall often occurs in New Orleans. Rainfall in excess of
75 mm in 24 hours is an almost annual event in the city [Stuurman in: Meyer, Morris &
Waggonner, 2009, p.44, in: Hermens et al., 2010]. And precipitation is expected to be even
more extreme in future, making the probability of heavy rainfall to occur until 2100 score a
five as well.
The rating based on literature almost entirely matches experts’ rating here (Table 4.1),
showing just a one level difference at extreme precipitation. So agreement on the high
probability of these aspects of climate change exists, between literature and expert and also
amongst the experts, which can be seen in the small range.
Table 4.1 - Quantification of the probability of impacts of climate change to occur (1=very low; 5=very
high). Own interpretation of plans and literature (middle) and the average of experts’ scores (right).
Four experts (#4) participated, the range shows the lowest and highest score given.

Probability
Literature

4.4

Experts

(range)

Sea level rise

5

5

(5-5)

Extreme weather events (storms, hurricanes)

5

5

(5-5)

Extreme precipitation

5

4

(3-5)

Consequences of climate change
It has to be mentioned that it is hard to give a good estimation of the consequences of the
effects on New Orleans in its current state, since flood defenses are severely worked on. This
may also cause the lack of information on the consequences of a flood nowadays.

4.4.1

Sea level rise
In the previous paragraph the different scenarios for sea level rise in New Orleans have been
stressed. These vary from 0.3 cm/yr [Blum & Roberts, 2009 ] to a relative sea level rise of 1.5
cm/yr [Inman, 2010]. Figure 4.3 shows the consequences in terms of flooding of respectively
1 ft. (30 cm), 2 ft. (60 cm) and 3.3 ft. (1 m) relative sea level rise.

Figure 4.3 - Predicted Louisiana deltaic coastline comparing current extent of coast with 1 feet (30 cm)
to 3.3 feet (1m) relative sea level rise predictions by 2100 [Meffert, 2009]
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Some scenarios predict that 2100’s sea level will be relatively 80 cm or 150 cm higher than it
is now. Considering the current line of coastal defense in New Orleans, this would certainly
cause flooding. The problem however is that flood defenses are worked upon nowadays.
This research takes into consideration the situation as it is right now, and therefore the
consequences of sea level rise in terms of flooding are huge.

4.4.2

Extreme weather events
A lack of coastal irregularities, such as substantial barrier islands or hills, and the Gulf of
Mexico’s flat bottom make southern Louisiana ideal for storm surge. New Orleans sits mostly
below sea level on the east bank of the Mississippi River and south of Lake Pontchartrain.
However, not so much information exists on the consequences of future hurricanes in New
Orleans, but as said in the introduction of this chapter, the consequences of hurricane
Katrina are still clearly known and still visible. $30 billion in economic losses, more than
160.000 homes destroyed or heavily damaged, over 1500 lives lost and a total of 500.000
inhabitants evacuated [Kok et al. 2007 in: Hermens et al., 2010] were the direct
consequences. Some of the indirect consequences are: decreased employment, dropping
growth of Gross Domestic Product and post-traumatic stress to both returning and displaced
population [USACE, 2006].
Katrina has clearly shown how devastating a hurricane can be and how severely New Orleans
can be impacted. Since New Orleans is still recovering from Katrina, it is hard to say what the
consequences of a hurricane would be at the moment, but nonetheless the First American
Corporation [2010] has estimated what the consequences of a hurricane would be. The
report assumes “that the current levee structure in New Orleans that has been modified by
the Army Corps of Engineers would not remain intact or would be topped in the event of a
catastrophic hurricane event. Future changes in the levee structure will be reflected in our
2010 model, which will also utilize data from a 2009 inspection by our development team”
[First American Corporation, 2010, p.22].
In Table 4.2. the consequences of different categories of hurricanes are shown in terms of
properties affected and residential structure value.
Table 4.2 - Residential Exposure by Storm Category [First American Corporation, 2010]
Category of hurricane

Total Properties affected

Total residential Structure Value

Category 1

85,600

$16,59 billion

Category 2

89,900

$17,26 billion

Category 3

91,200

$17,46 billion

Category 4

91,400

$17,49 billion

Category 5

91,500

$17,50 billion

Figure 4.4 shows the impact in terms of area flooded by different categories of hurricanes.

Figure 4.4 - Overhead view of categories 1-5 storm surge impacting the Louisiana coastline [First
American Corporation, 2010].
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4.4.3

Extreme precipitation
The current water system in New Orleans is still largely based on the historical system that
was put in place starting at the end of the 19th century and as a consequence is not capable
to deal with the heavy downpours that occur in New Orleans. This has been shown by the
infamous two-day flood event of May 8-9, 1995, when rainfall of 250 mm to 500 mm over
much of metropolitan New Orleans resulted in significant interior flooding over much of lowlying New Orleans. The total event lasted about 40 hours. Virtually all roads were inundated
or impassable during the height of the event, especially in the New Orleans metropolitan
area. 18,000 homes in New Orleans received water damage [Faiers, Keim & Muller, 1997 in:
Hermens et al., 2010].
Floodwaters in these events can easily rise knee-high and sometimes even waist-high as for
nd
rd
example on October 22 to 23 2007, when more than 200mm of rain fell on parts of the
flood-prone city. The heavy rains inundated parts of the city according to a CBS News Article
[2007 in: Hermens et al., 2010, p.70]: “All the city’s drainage pumps were working properly,
but were unable to keep up with the intense rainfall, emergency preparedness officials said.
They urged motorists to stay off the streets.” Regarding that event, and the capacity of the
drainage system Robert Jackson, a spokesman for the New Orleans Sewerage and Water
Board states in the CBS article [2007 in: Hermens et al., 2010, p.70]: “In some areas, more
than two inches of rain fell in an hour, while the city’s pumps can handle only a maximum of
one in the first hour of a rainfall event and half an inch every hour thereafter.”

4.4.4

Conclusion
The consequences of sea level rise are of course dependent on the amount to which sea
level will rise, but even if the lowest predicted scenario will come true, large parts of New
Orleans will be under water, as can be seen in Figure 4.3. Therefore, consequences of sea
level rise are rated very high, a five. The same goes for extreme weather events. Whether
New Orleans will be hit by another hurricane shortly is hard to say, but Table 4.2 shows that
even a category 1 hurricane will have large (economical) consequences, so this aspect scores
a five too.
Heavy rainfall events occur almost every year and often result in flooding. However, this kind
of flooding occurs on a local scale and lasts for a short period, because of quick inundation.
Therefore the consequences are not rated as high as those of sea level rise or extreme
weather events, but since they certainly will impact New Orleans, this scores a four.
Table 4.3 shows that both ratings match perfectly here and that the range amongst the
experts’ ratings is small, which makes it likely to assume that New Orleans will be heavily
impacted by climate change.
Table 4.3 - Quantification of the consequences of climate change (1=very low; 5=very high). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Four experts
(#4) participated, the range shows the lowest and highest score given.

Consequences
Sea level rise

4.5

Literature

Experts

(range)

5

5

(5-5)

Extreme weather events (storms, hurricanes)

5

5

(5-5)

Extreme precipitation

4

4

(3-5)

Main reasons to start adaptation to climate change
As explained in paragraph 4.4, Hurricane Katrina’s impact on the city of New Orleans was
devastating. The city had to recover completely and for the future, it has to make choices on
how to deal with water and how to deal with the restoration of the city [Hermens et al.,
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2010]. When rebuilding the city, the flood defense system had to be renewed as well, to
prevent flooding to occur again.
To come to a proper adaptation plan, several workshops have been organized, called the
Dutch Dialogues workshops, which have been engaged by Dutch urban designers, landscape
architects, academics and engineers [Meyer et al., 2009]. Here integral plans have been
presented that focus on water challenges and spatial quality. So in this way, using knowledge
on adaptation actions in other cities (in the Netherlands) also played a role in climate
adaptation in New Orleans.
In the creation of the adaptation plan, a lot of research has been put on the damage caused
by Katrina and on what went wrong, so the impacts of Katrina have been investigated
extensively. Also a lot of research has been put on sea level rise in New Orleans, but the
impacts of a future hurricane making landfall in Louisiana are only described in one single
report [First American Corporation, 2010]. And most of the research done took place as part
of adaptation and has not really been a reason to start adaptation [Clancy & et al., 2010].

Hurricane Katrina has clearly shown what can happen if a hurricane hits, and has
demonstrated the costs of inaction.
If the flood defense system of New Orleans would not have been upgraded after Katrina and
pumps would not have been repaired, every little flood that would have occurred since
would cause flooding. Also, it would be not attractive at all to recover the residential and
industrial areas in New Orleans if the flood defense system would not be worked upon. So
the economic costs of inaction are a very important reason as well, although it is closely
related to the occurrence of Katrina and is not the direct reason to adapt.
Recognizing opportunities related to climate change and international climate negotiations
are not mentioned at all in the documents on New Orleans and do thus not play a role in
climate adaptation.
Conclusion
Katrina was definitely the main reason to start climate adaptation in New Orleans and
weather related extreme events therefore scores a five in Table 4.4. The Dutch Dialogues
show how New Orleans uses knowledge and examples of adaptation actions in other cities in
climate adaptation. This reason is thus important, but not as important as the reason
mentioned above and is therefore rated a four. The economic costs of inaction are a very
important reason as well, although it is closely related to the occurrence of Katrina and is not
the direct reason to adapt. Therefore it is rated a four.
A lot of research on climate adaptation has taken place in New Orleans, but most of the
research done took place as part of adaptation and has not really been a reason to start
adaptation. Research on impacts and adaptation therefore scores a three as a reason to
start adaptation. Recognizing opportunities related to climate change and international
climate negotiations are not mentioned at all in the documents on New Orleans and thus
score a one.
Table 4.4 shows that the first three reasons have the highest scores in both ratings and that
the range in experts’ scores is small on these three reasons, which enlarges the reliability of
these reasons to be most important.
The largest difference between both ratings is the reason recognizing opportunities related
to climate change. A reason for this difference may be that literature has focused on what
has been the reason to start adaptation, while experts may just have thought that New
Orleans still recognizes opportunities, without wondering whether this really was a reason to
start adaptation. The range amongst experts scores is remarkable broad here, which may
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proof that obscurity existed on this reason. On other reasons, the two scores do not differ
more than one single level from one another or both scores are even equal.
Table 4.4 - Quantification of the reasons to start adaptation (1=not important; 5=very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Four experts
(#4) participated, the range shows the lowest and highest score given.

Reasons to start adaptation
Literature

4.6

Experts

(range)

Already occurred weather- related extreme events

5

5

(5-5)

Research on impacts and adaptation

3

4

(4-5)

Economic costs of inaction

4

5

(4-5)

Recognizing opportunities related to climate change

1

3

(1-5)

International climate negotiations

1

2

(1-3)

Examples of adaptation actions in other cities

3

3

(2-4)

Current responsibilities
Meffert [2009, p.9] stresses how responsibilities are divided in the political landscape of New
Orleans: “New Orleans as a municipal land use authority has planning and regulatory
jurisdiction over only a small fraction of the pertinent area. The official regional planning
commission created by the Louisiana legislature for the five parishes around New Orleans is
a policy body without regulatory authority and also falls short in terms of geographic
coverage relative to the larger coastal system implicated in planning for coastal ecosystem
planning. Agencies of the state and federal government are positioned to maintain and
protect the larger system and regulate uses that impact coastal waters and wetlands, but
may not have the mandate or political will to intervene in land use matters involving private
property. These agencies include the Louisiana Office of Coastal Protection and Restoration
(OCPR), Louisiana Recovery Agency, Federal Emergency Management Agency (FEMA), the
U.S. Environmental Protection Agency, and the U.S. Army Corps of Engineers.”
This shows that responsibilities are scattered amongst all different bodies of government
and that most parties lack real authority. Meffert [2009] also comes up two other
responsible parties: the Federal Emergency Management Agency (FEMA) and the New
Orleans’ Office of Recovery and Development Administration (ORDA). In other (policy)
documents, responsibilities are not mentioned at all.
Conclusion
All the parties mentioned above fall under local (ORDA), regional (regional planning
commission, state commissions, OCPR and Louisiana Recovery Agency) and national
government (FEMA, USACE). The national government is most important, since the USACE
officials argue that Congress paid for the planned level of protection, and note that a study is
under way to design even more. National government thus scores a five, regional and local
score a four and all other parties are not mentioned to have any responsibility at all and thus
score a one.
Table 4.5 shows that according to the experts, all parties except for the private sector and
the NGO’s have high responsibilities, while literature only sees government as the
responsible party. The largest differences between both ratings are the scores on residents
and water board, while all other scores vary just one level. The difference in scores between
literature and experts for residents may exist because literature focuses on responsibility by
law, while experts may have taken moral responsibility into account as well. The broad range
in experts’ score on this reason shows that residents’ responsibility is not very obvious
anyway.
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The big difference on water board responsibility may be caused by obscurity on what has
exactly been meant by water board. Experts may for instance have considered the USACE as
water board, while literature did not. Or water agencies may indeed be important, but may
still not be mentioned in literature.
Table 4.5 - Quantification of the current responsibility for adaptation (1=not responsible; 5=highly
responsible). Own interpretation of plans and literature (middle) and the average of experts’ scores
(right). Four experts (#4) participated, the range shows the lowest and highest score given.

Currently responsible for adaptation

4.7

Literature

Experts

(range)

Residents who choose to live in vulnerable areas

1

4

(1-5)

Local government

4

4

(3-4)

Regional government

4

4

(3-5)

National/federal government

5

4

(2-5)

Private sector

1

2

(1-3)

Water board

1

4

(3-5)

NGO’s

1

2

(2-2)

Adaptation strategies
Figure 4.5 shows the plan for adaptation in New Orleans. This figure clearly shows that
adaptation in New Orleans consists of different adaptation strategies.

Figure 4.5 - Illustration of climate adaptation measures in New Orleans [Louisiana Recovery Authority,
2007].

4.7.1

Pro-action
Pro-action - eliminating structural causes of accidents and disasters to prevent them from
happening in the first place- has hardly taken place in New Orleans, or has at least, not been
described in the reports studied. In rebuilding the city, the strategy of pro-action could have
been followed if the areas that are extremely vulnerable to flooding were not rebuilt in, or if
ground level would have been elevated. However, almost all of New Orleans has been
rebuild after Katrina, even the most vulnerable locations [Hermens et al., 2010], which
shows that pro-action is not taken into account.

4.7.2

Prevention
According to David Waggonner and Andy Sternad [2009, in: Dircke et al., 2010], the
perimeter defense system built by the Corps of Engineers around the city is a base line that
must be amplified, supplemented and built upon in the years and decades ahead. This
clearly stresses the focus on prevention in New Orleans. This can also be seen in Figure 4.5.
This figure shows that all illustrated measures right of the levees fall in the category of
prevention. The first line of defense (viewed from the right side) is the coast, with an extend
area of wetlands, which slow the wind speed and back flow of the hurricane. The second line
consists of elevated highways, flood gates and a ring of dikes around the city. In the
southern and western part of New Orleans, these dikes protect against a 1:200 flooding from
the river, on the northern and eastern side of the city these measures protect against 1:100
storms surges from the Gulf of Mexico and Lake Pontchartrain (Figure 4.6).
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Figure 4.6 - Map of New Orleans [Google Earth, 2011]

The reason why this security level is this low, has to do with the backwater caused by
hurricanes, which demands for larger investments [Hidding & Vlist, 2009].
The wishes and thoughts of the New Orleanians considering an adaptation strategy and the
comprehensive measures have been asked for and taken into consideration when
developing the guiding principles in New Orleans’ Master Plan. These guiding principles have
resulted in the so called Master Plan Key Features, showing the direction in which climate
adaptation in New Orleans will go. One of the most important key features is ‘a 1-in-500 year
minimum level of protection from storms’ [Meffert, 2009].
The strong focus on prevention can also be found in the Key Features of the New Orleans
Masterplan, since one of the Key Features is: a city that does not have to evacuate (except
under extraordinary circumstances) [Meffert, 2009].

4.7.3

Preparation
The measures illustrated left from the levees in Figure 4.5 show elevated (i.e. water proof)
buildings, elevation of key functions such as pump stations and well organized evacuation
routes. The elevated highway right of the levee is part of prevention because of its function
as flood defense system, but can also be seen as a measure of preparation: in case of
flooding the highway will still be accessible and evacuation will not be hindered by
floodwater [Hidding & Vlist, 2009]. According to Woltjer & Kranen [2010], investments in
resilience measures that are effective in time of inundation have been lagging behind, while
the investments in measures that prepare society to a flood event can be valued as just
marginal. The low score for inundation mainly concentrates on three aspects: individual
preparation, internal water storage and drainage capacity, and the protection of critical
infrastructure. A possible explanation for this is that despite of historical experiences
decision makers seem to rely on the defense works that protect the city from flooding.
According to the USACOE, no matter how high the walls, the city will always be at risk, and
residents will need to evacuate before storms [Schwartz, 2010].

4.7.4

Response
These latter measures can also be seen as part of the response strategy –actually dealing
with accidents and disasters. In case of a disaster, measures like well-organized evacuation
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routes, exit roads that have been marked clearly and have extra protection, and elevated
highways make sure that the city of New Orleans can better deal with disasters like flooding.
One of the Master Plan Key Features is [Meffert, 2009]: ‘develop ‘smart evacuation’ options
(e.g., evacuate to locations within a community when appropriate) and accommodate
evacuees when they return.’

4.7.5

Recovery
A federal program for flood insurance (FEMA) and financing reparation falls in the category
of recovery [Hidding & Vlist, 2009]. FEMA and the Louisiana Recovery Agency have invested
strongly in the recovery process and post-flood relief after Katrina struck. Although
investments are high at this point, it has to be mentioned that the lack of vertical and
horizontal coordination, e.g. in the flow of money to lower authorities and small scale
projects and inter-organizational cooperation, puts a drag on the recovery and rebuilding
process [Woltjer & Kranen, 2010].

4.7.6

Conclusion
After Katrina, most of New Orleans has been rebuilt, including the very vulnerable places.
This does not exhibit pro-active thinking, and neither has the strategy of pro-action been
mentioned (implicitly or explicitly) in the documents studied, so this scores a one.
Prevention however is very important in New Orleans. 350 miles (560 km) of dikes and
barriers have been built after Katrina hit, which makes prevention score a five here.
Measures in terms of preparation have been lagging behind, but are planned to be taken
and therefore score a three. This is also the case for response measures, so a score of three
will be applied here as well. Recovery scores a four, because it has been very important,
especially after Katrina, but lack of vertical and horizontal coordination puts a drag on the
recovery process.
Table 4.6 shows that pro-action has the lowest score in both ratings, which supports the
assumption that this strategy is lagging behind. The average of experts’ scores for all other
strategies is medium, while based on literature only preparation and response have been
rated medium. Difference between the two ratings is highest for prevention and amounts
one level for recovery. However, ranges in experts’ scores are broad, showing that it
apparently is hard to score the different strategies.
Table 4.6 - Quantification of adaptation strategies chosen (1=not important; 5=very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Four experts
(#4) participated, the range shows the lowest and highest score given.

Adaptation Strategies
Literature

Experts

(range)

Pro-action

1

2

(1-4)

Prevention

5

3

(1-5)

Preparation

3

3

(1-5)

Response

3

3

(1-5)

Recovery

4

3

(1-4)

4.8

Adaptation measures

4.8.1

Technical solutions
Regarding the public comments that have been made in first instance, a high priority was
placed on adopting the “Dutch system” of water management (as in the “Room for the
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River” program adopted by the Dutch government in 2006) to hold more water in the city
with more canals and retention ponds and to repair/improve pumps and levees.
However, low public support existed on instituting a comprehensive water management
system or to use parks or vacant land for water storage, due to concerns about flooding,
mosquito-borne disease, and a prevailing notion that the best way to manage water is to
keep it outside of the city’s boundaries [Meffert, 2009].
Directly after Katrina it was clear that flood mitigating measures were needed. Logically, the
first step was starting temporal and emergency measures in order to take away the first and
most serious threats for the time being. This resulted in common measures like placing
sandbags, and filled caskets, closing the breaches. Once the city was pumped dry massive
temporal closing structures at the mouth of the three outfall canals were built in Gentilly
and Lakeview in 2006-2007 [Campanella, 2008 in: Hermens et al., 2010]. These structures
provide the option to close the open water connection between Lake Pontchartrain and the
outfall canals. During Katrina the concrete floodwalls along these canals could not withstand
a high water level caused by a swollen Lake Pontchartrain and collapsed at several places
[Hermens et al., 2010].
After the first temporal measures were taken time had come to think about long-term
protection for the city of New Orleans [Hermens et al., 2010]. The US Congress released
$14.45 billion for the Louisiana Hurricane Protection System, including levees and floodwalls;
outfall canal repairs and closure structures; and pump station repairs and storm proofing
[USACE, 2010 in: Dircke et al., 2010]. With unprecedented speed the US Army Corps of
Engineers set a world record in realizing the Hurricane Protection System within
approximately 4 years, around ten times faster than the Dutch built their Delta Plan in
approximately 40 years after the floods of 1953. Full protection from a 100-year storm,
equating to a one percent chance of failure in a given year, is projected by June 2011. The
system within the levees remains unchanged: pumps (Figure 4.7) can handle 25 mm of
rainfall in the first hour and 13 mm in each subsequent hour. When combined, Orleans
3
Parish’s three outfall canals can discharge 16,000 cubic feet (453 m ) of water per second,
the average flow of the Potomac River [USACE, 2009 in: Dircke et al., 2010].
It is important to stress that a failure of the protection system does not necessarily mean a
repetition of the Katrina flooding. Dutch engineering firm Royal Haskoning (advisory firm
contracted by the Army Corps) states that the USACE includes resiliency in the system design.
The aim is to design the system in such a way that there is no catastrophic failure from storm
surge levels and waves with a 0,2% chance of exceeding (500-year return period) [Van
Ledden, 2009 in: Hermens et al., 2010].

Figure 4.7 - The three main pumps in New Orleans [USACE, 2008]
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4.8.2

Environmental restoration
Although impressive, the technical system, practically devoid of storage capacity, is
overwhelmed by recurring rainstorms that can produce 50 mm to 100 mm of rain an hour.
The use of engineered solutions for narrowly defined problems has in recent times proven
insufficient to combat the complex, intertwined challenges confronting modern delta living.
Considering the fact that climate change may increase the challenges further, New Orleans
may need to embrace a more holistic, ecologically- based thinking, with the cultivation of
nature’s own lines of defense, not just to sustain the city’s future but also to avoid that the
adaptation cost continue to increase and perhaps eventually outweigh the incredible
cultural and economic value of habitation on the Mississippi Delta [Dircke et al., 2010].
According to David Waggonner and Andy Sternad [Dircke et al., 2010], no place is thus more
in need of a transformative vision and process for climate change adaptation and water
management than New Orleans and the Mississippi Delta. After decades of levees and
drainage for flood protection and navigation, with channels cut through the marsh for
commercial purposes, the wetlands of south Louisiana are quickly receding. A US Geological
2
Survey map (2004) shows that since 1932 already 1,900 sq. miles (almost 5.000 km ) of
2
wetlands disappeared in Louisiana and an additional 700 sq. miles (1800 km ) are expected
to be lost within the next 50 years. The federal government contracted the Stuyvesant and
Bean companies, among others, to help rebuilding wetlands the size of approximately 40
football fields (ANP, 2006). This is only a small project looking at the amount of lost wetlands
in the past decades, but might set the stage for other projects [Hermens et al., 2010].
However, a shift in paradigms is underway. Large scale diversions of the river’s flow and
sediment can revive coastal wetlands downstream. Plans and initiatives to speed and
increase these diversions are in progress [Dircke et al., 2010].
This is also acknowledged by Ivor van Heerden, an author of the State of Louisiana's report
on the levee failures [Schwartz, 2010, p.2]: “The bigger problem lies beyond the walls. The
nation needs to rebuild fragile wetlands, which are disappearing at a rate of about 9700
hectares a year and reduce the force of storms. We're never going to succeed if we rely on
concrete alone.''
The Masterplan Key Features also state that ‘support and advocate for coastal conservation
and restoration at the State and federal levels‘ is important [Meffert, 2009].

4.8.3

Regulations
Meffert [2009] describes specific potential actions that should be examined. They include:
-

Relocation of thousands of rural inhabitants in the next 10-20 years - particularly those
in vulnerable coastal areas outside of the proposed levee protection system.
Relocation of up to 120,000 rural and potentially urban inhabitants in areas marginally
protected by regional levee systems and increasingly at risk due to sea level rise and
disasters in the next 50-75 years.

The Louisiana Recovery Authority [2007] stresses more advice considering regulations, which
can be divided into:
-

Focus on infrastructure investment and development in lower-risk areas: An index is
proposed to identify lower-risk locations for new development and infrastructure
investment. Public funding should not flow to higher-risk, unprotected areas unless
such improvements serve a vital and demonstrable economic-development need.
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-

-

-

-

4.8.4

Implement coastal zoning codes: Specialized coastal zoning codes would provide
guidance for regulating development so it will support -and be supported by- the
protection measures in place or planned through the CPRA Master Plan and other
protection measures. Such codes could cover designated coastal and high-risk zones
and be keyed to categories in the proposed Louisiana Location Index. Such codes would
also guide risk-management strategies for development in areas outside of levees,
where exposure to storms is inevitable but limited development is vital for Louisiana’s
economy. Additionally, these codes would restrict development in wetlands within
levee-protected areas and the areas immediately behind new levees that would be at
greatest risk during an overtopping or levee breach event.
Enforce mitigation requirements on building in flood zones, and enforce building
codes: Use FEMA’s Base Flood Elevations (BFEs) as a guide for flood-risk and augment,
this as other relevant hazard-mapping becomes available. Mitigation within flood zones
typically involves raising structures above the 100-year flood mark. Implementation of
this action should make allowances for nonconforming structures, especially hunting
and fishing camps, that are designed to be ‘expendable’ in a flood or that are designed
to flood and not be permanently damaged. Such structures would not be eligible for
flood insurance unless they meet program standards.
Implement Building Protection Techniques: Educate citizens about building protection
techniques to protect against wind, flood, and storm risk, including techniques such as
building hardening, building raising, use of waterproof materials, tree plantings, and
on-site storm water retention.
Purchase High-Risk and Environmentally Sensitive Land: Establish a state ‘Conservation
Trust’ and coordinate it with federal, state, local, and private funds to acquire rights (or
surface rights) to high-risk and/or environmentally sensitive land, or to acquire
permanent conservation easements on such land. Work with state, regional, and local
entities, as well as nonprofits such as the Trust for Public Land and the Nature
Conservancy, to achieve effective and efficient administration of these efforts. Pursue
legal mechanisms to sever underlying mineral rights so as to ease property transfers
and create more willing sellers. In those cases when refusal to sell would cause
immediate impediments to the implementation of protection and restoration plans,
‘quicktake’ could be reserved as a last resort.

Retreat
Some of the measures proposed in the previous subparagraph have a lot of similarities with
retreat, such as the relocation of inhabitants in the vulnerable coastal areas [Meffert, 2009]
and the restriction of development in wetlands [Louisiana Recovery Authority, 2007].
However, these measures are not really considered as retreat (human impacts are
minimized by pulling back from the coast and retreating to higher surfaces, allowing all
natural system effects to occur). If this kind of measures would be applied, most of New
Orleans must have been abandoned.

4.8.5

Conclusion
Currently, New Orleans considers technical solutions as the way to go with respect to
climate adaptation. 15 billion US dollars have been invested in the Louisiana Hurricane
Protection System, which mainly consists of concrete and iron structures. This kind of
measures thus scores a five.
However, more and more attention is about to be given to environmental restoration.
People start to see the importance of nature and the ecological possibilities in storm surge
protection. Also, the use of regulations is getting involved in climate adaptation more and
more. Therefore, these two types of adaptation measures are both rated a four. Retreat is
not mentioned in the (policy) documents studied, but some types of measures within
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‘regulations’ suggest retreat from specific areas. Therefore this kind of measures scores a
two.
Table 4.7 shows there is quite some difference in the ratings based on literature and the
experts’ ratings. Both see technical solutions as the most important kind of measures and
both score retreat a two, but three out of four scores from the experts are two levels lower
than those from literature. This can be explained by the fact that experts have been asked
which measures have been taken. Their focus was thus on what has already happened, while
literature also investigated future plans. Literature scores are thus not only on what has
been done, but also on what will be done. Since climate adaptation is still in progress in New
Orleans, this difference in focus may cause the difference in scores.
The range in experts’ score is quite high, which shows that their perception of measures
taken varies.
Table 4.7 - Quantification of adaptation measures taken (1=not important; 5=very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Four experts
(#4) participated, the range shows the lowest and highest score given.

Adaptation measures

4.9

Literature

Experts

(range)

Technical solutions

5

3

(2-5)

Environmental restoration

4

2

(1-4)

Regulations

4

2

(1-5)

Retreat

2

2

(1-4)

Costs and spatial quality
Spatial quality has not been mentioned in the documents that have been studied. An
estimated overview of cost for the Orleans metropolitan levee system shows a range from
$3.5 billion - $9.5 billion (protecting approximately 1 million current residents). The
proposed regional coastal levee (protecting approximately 120,000 current residents) was
originally estimated to cost $4-5 billion [Meffert, 2009].
Table 4.8 - Cost projections for repair of New Orleans Metro Area and regional corresponding residential
populations [Meffert, 2009].
Repair Cost

New Orleans Metro Area

Southeast Louisiana

$3.5 – 9.5 billion ($7.2 billion)

$4-5 billion

Area protected

46,788 ha (New Orleans Parish)

222,980 ha

Residential pop. protected

1-1.3 million (320,000 in Orleans Parish est.)

120,000

As shown in Table 4.8, even if construction costs remain at their original estimates and we
aim to protect New Orleans metropolitan residents and Louisiana coastal rural residents,
costs will be between: $2,692-$9,500 per resident in the New Orleans metropolitan area and
$33,333-$41,667 per resident in the rural areas [Meffert, 2009].

4.10

Who should be responsible?
Since literature on ‘who should be responsible’ is hardly present, a summary of the literature
that was found is given, but no scores based on literature will be given in this paragraph.
According to Landy [2010, p.8] “an officer should be appointed by the Congress. This officer
will be in charge to take command of federal response and recovery efforts immediately
after the onset of a mega disaster. This is an effort to adapt existing institutional
arrangements to emergency exigencies. It provides an alternative both to aimless muddling
through and executive dictatorship. Although recognizing that successful leadership cannot
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be legislated, it creates a leadership opportunity that, were it to be filled by someone with
enough prestige and talent and were it receive presidential backing, could indeed spearhead
the formulation of a mega disaster recovery plan worthy of the name.”
This idea only focuses on response and recovery from a mega disaster and not as much on
climate adaptation in general. Literature does not mention who should be responsible for
climate adaptation in general. However, the experts have been asked who they think should
be responsible and the results are shown in Table 4.9.
Table 4.9 shows who experts consider responsible for adaptation: Local and regional
government should have highest responsibility, and private sector and water board the
lowest responsibility, although every party should at least have medium responsibility.
Table 4.9 - Quantification of who should be responsible (1=not responsible; 5= highly responsible). The
scores are the averages of experts’ scores. Four experts (#4) participated, the range shows the lowest
and highest score given.

Who should be responsible for adaptation
Experts

(range)

Residents who choose to live in vulnerable areas

4

(4-5)

Local government

5

(4-5)

Regional government

5

(4-5)

National/federal government

4

(3-4)

Private sector

3

(2-4)

Water board

4

(2-5)

NGO’s

3

(2-4)
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5. San Francisco

5.1

Introduction

[Google Earth, 2011]

This chapter discusses the impacts of climate change and adaptation to these impacts in the
city of San Francisco. Every paragraph, except 5.2 (current situation) and 5.9 (costs and
spatial quality) contains a table where the elements of that particular paragraph are
quantified by two ratings. The first rating is based on my interpretation of literature and
plans studied, and the second rating is the average of scores given by the experts in the
survey. A total of 13 experts participated in the survey on San Francisco. When the
difference amongst the experts’ score and the score based on literature is more than one
level, a possible explanation is given.

5.2

Current situation
A richly varied composite of urbanization and nature exists in and around San Francisco Bay.
Urban waterfronts, critical habitat areas, industrial areas and residential neighborhoods
coexist within walking distance of each other. Overlaid on these shoreline places is a vital
system of public infrastructure, including freeways, seaports, railroads and airports, which
knit the shoreline communities together and connect them to the rest of the region,
California and the world. Over the past 150 years, the productive use of the Bay’s shoreline
has become the cornerstone of the region’s prosperity [BCDC, 2009].
The nine county San Francisco Bay Area is home to approximately seven million people,
making it the fifth most populous urban center of the USA. All nine counties -San Francisco,
San Mateo, Santa Clara, Alameda, Contra Costa, Solano, Napa, Sonoma, and Marin- front on
the Bay. There are 101 cities within the region and 46 cities situated along the shoreline
making the San Francisco Bay one of the world’s most urbanized estuaries. The Bay Area’s
three largest cities are, San Jose (pop: 894, 943), San Francisco (pop: 776, 773), and Oakland
(399, 484) [U.S. Census Bureau, 2000 in: BCDC, 2009].
The city of San Francisco has been built on 43 hills and is thus located at high elevation.
However, during the last decades, the shoreline has been extended and built on. As a
consequence, a lot of economic activity takes place in the coastal zone [Wijsman, 2010b].
The San Francisco Bay Area is one of the most economically productive regions in the USA.
The highly skilled workforce is employed in a variety of fields, including health care,
technology, information services, finance, education, life sciences, manufacturing and retail.
The natural harbor and its proximity to Pacific trading partners allow the region to export
more products than most states. The Bay Area is also home to some of the world’s leading
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universities and research institutions [Bay Area Council Economic Institute, 2008 in: BCDC,
2009].
This research will focus on the city of San Francisco itself, but will use the broader
perspective of the whole Bay Area, since climate adaptation is dealt with on that scale.

5.3

Probability of the impacts of climate change to occur

5.3.1

Sea level rise
During the entire last century, sea level has been monitored at Fort Point, in the harbor of
San Francisco (Figure 5.1).

Figure 5.1 - Sea-level measurements collected at Fort Point in San Francisco since before 1900 form the
longest continuous sea-level record for any site on the west coast of North America [Ryan et al., 2005].

Sea level rise trends measured at this tide gauge and two other long-running tide gauges on
the west coast show a sea level rise of nearly 20 cm per century, or 0,2 cm per year [Ryan et
al., 2005]. This has been identified by actual measurements, and that is the reason why sea
level rise is taken very seriously in San Francisco [Wijsman, 2010b].

BCDC: San Francisco Bay
Conservation and Development
Commission

Considering future sea level rise, different reports (“Living with a Rising Bay: Vulnerability
and Adaptation in San Francisco Bay and on the Shoreline” by BCDC, “The impacts of SeaLevel Rise on the California Coast” by the California Climate Change Center and “Preparing
California for a Changing Climate” by the Public Policy Institute of California) emphasize
several scenarios for sea level rise [BCDC, 2009], going up to 1.4 m by the year 2100. The
effect of increased storm surge is not taken into account, but there is general consensus that
today’s 100-year event may well be the normal water level by the year 2050, with a
predicted sea-level rise of 41 cm [Raalten et al., 2009]. Simply stated, today’s extreme flood
event is about the same as a mid-century high tide. In other words, the probability of
flooding within the current 100-year flood plain will increase from one percent per year now
to 100 percent by mid-century [BCDC, 2009].
Large commercial and industrial areas are vulnerable to flooding, especially in San Francisco,
Silicon Valley, and Oakland. For instance, approximately 72 percent of each of the San
Francisco and Oakland Airports is vulnerable to a 41 cm sea level rise and 93 percent is
vulnerable to 140 cm of sea level rise, which can disrupt the transport of as much as 30
million passengers and approximately one million metric tons of cargo [BCDC, 2009].

5.3.2

Extreme weather events
At the moment, extreme storm events will cause most of the shoreline damage from
flooding. Changes in climate and sea level cause increase storm activity, which in
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combination with higher sea level, causes even greater flooding [BCDC, 2009]. However, the
probability of extreme storms to happen has not been mentioned in any of the reports
studied, nor has it really been mentioned as a large threat that needs action.
Several models have been developed to estimate the effects of the changes in sea-level on
the generation of waves. The main conclusions are [Raalten et al., 2009]:
(1) for all wind speeds and direction, wave heights increase with rising sea-levels. In the
model a static bathymetry is used, sea-level rise increases the water depth, thereby reducing
the importance of bed friction and allowing the generation of larger waves; and
(2) larger wind speeds creates larger wave heights and sea-level rise even augments the
wave height’s increase.

5.3.3

Extreme precipitation
San Francisco has a temperate Mediterranean climate, where summers are dry and winters
are rainy (Figure 5.2).

Figure 5.2 - Average monthly rainfall for San Francisco [City of San Francisco et al., 2009]

In a typical year, San Francisco receives less than an inch (25 mm) of rain from May through
September and an average of four inches (100 mm) of rain between November and March.
Rainfall is thus not distributed evenly in time and neither is it geographically. Annual
precipitation ranges from approximately 22 inches (560 mm) in the south to 20 inches (510
mm) along the western edge and northeastern quadrant and to 18 inches (460 mm) in the
extreme northeast (Figure 5.3). Like all Mediterranean climates, San Francisco experiences
periods of drought punctuated by intense winter rains, often resulting in water scarcity in
the summer and flooding in the winters [City of San Francisco et al., 2009].
Stormwater: A water flow that
originates during precipitation
events

5.3.4

The main documents considering precipitation in San Francisco -the stormwater
management plan and the stormwater design guidelines- do not mention increased
precipitation due to climate change. Climate change is not even mentioned at all.

Conclusion
th

Sea level has already risen nearly 20 cm in the San Francisco Bay during the 20 century. The
st
probability of sea level rise to continue within the San Francisco Bay area during the 21
century is more than likely and is therefore given a five. Severe storms do occur in the San
Francisco Bay area, but rarely. Hurricanes do not occur at all [Wijsman, 2010b & BCDC,
2009]. This results in a score of two, because storms do occur, but rarely. Intense rainfall
does already occur in San Francisco’s winters, and although this is not very extreme, the
probability of this to occur in future is likely and scores a four.
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Figure 5.3 - Precipitation in California [Wijsman, 2010a]

The scores are shown in Table 5.1 The middle column contains ratings based on own
interpretation of the plans and (policy) documents studied, and the column on the right
shows the average of the experts’ rating. This table points out that both the plans and the
experts consider sea level rise as very likely to happen. The range in experts’ scores here just
amounts two points, which shows their agreement on this point. Extreme weather events
are hardly mentioned in the literature studied, but are likely to happen according to the
experts. This might be because experts probably have taken earth quakes into account as
well, although the survey only mentioned hurricanes and storms. The broad range in experts’
scores also may explain some obscurity in what had to be included in extreme weather
events.
Extreme precipitation is given medium probability by the experts and a high probability by
literature, but the difference amounts is just one point.
Table 5.1- Quantification of the probability of impacts of climate change to occur (1=very low; 5=very
high). Own interpretation of plans and literature (middle) and the average of experts’ scores (right).
Thirteen experts (#13) participated, the range shows the lowest and highest score given.

Probability
Literature

Experts

(range)

Sea level rise

5

5

(3-5)

Extreme weather events (storms, hurricanes)

2

4

(1-5)

Extreme precipitation

4

3

(2-5)
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5.4

Consequences of climate change

5.4.1

Sea level rise
An estimated 270,000 people in the Bay Area are at risk of flooding, which is 98 percent
more than in the current situation. In those areas where lives and property are not directly
vulnerable, the secondary and cumulative impacts of sea level rise will affect public health,
economic security and quality of life [BCDC, 2009].
The economic value of Bay Area shoreline development (buildings and their contents) at risk
from a 140 cm rise in sea level, is estimated at $62 billion. Figure 5.4 shows the replacement
value of building and contents vulnerable to a 100-year coastal flood in case of 140 cm sealevel rise.
Figure 5.4 - Replacement value of buildings and contents vulnerable to a 100-year coastal flood with a
1.4-meter sea-level rise. * Values are in year 2000 dollars. [California Climate Change Center, 2009]

Under medium to medium-high greenhouse-gas emissions scenarios, mean sea level along
the California coast is projected to rise from 1.0 to 1.4 meters by the year 2100. A 1.4 meter
sea-level rise will put 480,000 people in the Bay Area at risk of a 100-year flood event, given
today’s population. Populations in San Mateo and Orange Counties are especially vulnerable.
In each, an estimated 110,000 people are at risk. Large numbers of residents (66,000) in
Alameda County are at risk as well. [California Climate Change Center, 2009]

BFE: Base Flood Elevation - One
in hundred year flood zone

The large areas that have recently been developed are the lower lying areas. As a
consequence, these are already located within the present and hence future BFE boundaries.
Because of the sudden change in altitude, the area with the current BFE flood risk (light blue
areas in Figure 5.5) is much larger than the additional surface area that would be impacted
by a 140 cm to sea-level rise BFE 2100 (dark blue areas in Figure 5.5) [Raalten et al., 2009].
By that year 2050, 72,800 ha (approximately 26%) of Bay shoreline is vulnerable to flooding,
and 86,200 ha (approximately 30%) is vulnerable by the end of the century [BCDC, 2009 &
FOCUS, 2010]. Residents, businesses and entire industries that currently thrive on the
shoreline are expected to be subject to flooding by the middle of the century, and probably
earlier. Shoreline development located in the current 100-year flood plain is subject to a 100
percent chance of flooding by mid-century [BCDC, 2009]. Over 26,700 ha of residential
development is vulnerable to flooding by 2050, and 33,200 ha of residential development is
vulnerable to flooding by the end of the century (Table 5.2). These surfaces correspond with
respectively 15% and 19% of the total residential area [BCDC, 2009 & FOCUS, 2010].
Table 5.2 - Approximate number of hectares of residential area vulnerable to flooding in the San
Francisco Bay Area [BCDC, 2009].

Residential Land Use

Surface Vulnerable to Flooding (ha)
41 cm sea level rise

140 cm sea level rise

Low-density

24,200

29,200

Medium-density

2,300

3600

Higher-density
Total
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Figure 5.5 - Area flooded in case of a 41 cm (light blue) and 140 cm (dark blue) sea-level rise [Raalten et
al., 2009]

In areas where residents are not directly vulnerable to flooding, access to important services
such as commercial centers, health care, and schools would likely be impeded by flooding of
the service centers or the transportation infrastructure that links them. Rising sea levels can
impact the delivery of petroleum products, electricity, and drinking water to Bay Area
residents and businesses. Table 5.3 shows the total surface area of airports, ports and waterrelated industries vulnerable to flooding. This is approximately 3% of the entire developed
Bay Area [BCDC, 2009 & FOCUS, 2010]. Information on the acreage of schools, hospitals and
industry vulnerable to flooding has not been found, probably because these are scattered
over the entire area and therefore hard to calculate.
Table 5.3 - Summary of Land Use Hectares Vulnerable to Flooding [BCDC, 2009].

Land Use

Existing Area (ha)

Surface Vulnerable to Sea Level Rise (ha)
41 cm sea level rise

140 cm sea level rise

Airports

1,900

1,400

1,800

Ports

1,100

40

200

Water-related industry

5,000

800

1,400

Total

8,000

2,240

3,400

Dealing with the range of consequences will be more difficult for low-income residents
because they have less financial flexibility and fewer resources to pursue alternative housing
and transportation [BCDC, 2009].
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5.4.2

Extreme weather events
At the moment, extreme storm events will cause most of the shoreline damage from
flooding. Changes in climate and sea level cause increase storm activity, which in
combination with higher sea level, causes even greater flooding [BCDC, 2009]. So, in case an
extreme storm event would occur, the consequences will be large, especially in combination
with rising sea level.

5.4.3

Extreme precipitation
The potential for stormwater to infiltrate varies dramatically by location. Infiltration may be
limited in areas that have steep slopes, shallow depth to bedrock or to the water table, clay
soils, contaminated soils, or are built on bay mud and fill over former creeks and wetlands.
However, in many areas of the City, particularly in the western basins, soils are generally
sandy and have the potential to provide excellent infiltration rates and pollution removal.
However, many areas are residential areas and as a consequence these areas contain a lot of
concrete surfaces, with low infiltration rates. Where infiltration is limited, a wide array of
stormwater management strategies that do not depend upon infiltration can be
implemented [City of San Francisco et al., 2009].

5.4.4

Conclusion
Sea level rise is definitely seen as the main threat climate change poses to San Francisco. The
impact on the coastal development will be severe and will cause billions of dollars in damage
if nothing will be done. Therefore, sea level rise is the most important consequence of
climate change and will be rated a five.
Although the probability of severe storms or hurricanes to occur in the San Francisco Bay
area is fairly low [Wijsman, 2010b & BCDC, 2009], the consequences of such an event would
be high, especially in combination with sea level rise. Because of its large impact on the
coastal development, extreme weather events score a four.
The city of San Francisco pays a lot of attention on how to deal with (the pollution of)
rainwater runoff and the soils generally have the potential to provide with sufficient
infiltration rates, so the consequences of extreme precipitation are expected to be low and
are rated a two.
Table 5.4 show that the experts also see sea level rise as the main threat to San Francisco,
although they rate its consequences one level lower than literature does. This level of
difference is the same for extreme weather events, a four versus a three. However, the
consequences of extreme precipitation are rated higher by experts than by literature. The
range of the scores given by experts shows that more agreement exists on the consequences
of extreme precipitation than on the consequences of sea level rise and especially on
extreme weather events. The broad range at extreme weather events may again be caused
by obscurity on what had to be included here.
Table 5.4 - Quantification of the consequences of climate change (1=very low; 5=very high). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Thirteen
experts (#13) participated, the range shows the lowest and highest score given.

Consequences
Literature

Experts

(range)

Sea level rise

5

4

(2-5)

Extreme weather events (storms, hurricanes)

4

3

(1-5)

Extreme precipitation

2

3

(2-4)
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5.5

Figure 5.6 - Fort Point tide
gauge [Ryan et al., 2005]

Main reasons to start adaptation to climate change
As said in paragraph 5.3, during the entire last century sea level has been monitored at Fort
Point, near the Golden Gate Bridge (Figure 5.6). These measurements show a sea level rise
of nearly 20 cm per century or 0,2 cm per
year (Cayan et. al. 2006 in [BCDC, 2009], as
shown in Figure 5.1. As a consequence, a
couple of piers in the harbor had to be shut,
since water levels have risen too much to
still use them [Wijsman, 2010b]. So, the
consequences of sea level rise are already
clearly visible and research on future
impacts points out that global warming is
expected to result in a sea-level rise in San
Francisco Bay of 140 cm by the end of the
century, putting an estimated 270,000
people and an estimated $62 billion in economic resources at risk of flooding [Raalten et al.,
2009]. National studies on the economic cost of sea-level rise suggest that while adapting to
climate change will be expensive, so are the costs of doing nothing, as substantial
investments are already at risk and vulnerable [California Climate Change Center, 2009].
These numbers clearly underscore the need to act and make ‘research on impacts and
adaptation’ and ‘economic costs of inaction’ the main reasons to start adaptation in the San
Francisco Bay Area. Sea level rise also determines future development projects, like the
redevelopment of Treasure Island. Here a shoreline protection system is built to
accommodate a mid-term rise in sea level of 41 cm, and an Adaptive Management Strategy
is established (Figure 5.7), with a long-term funding mechanism to protect against at least
140 cm of sea level rise [Tokin, 2008].

Figure 5.7 – Treasure Island Adaptation Strategy for Sea Level Rise [Tokin, 2008]

Climate adaptation in the Netherlands is an example for San Francisco, as is shown by and in
the report: ‘San Francisco Bay Area - Preparing for the next level’ [Raalten et al., 2009],
which says that “a combination of Californian business entrepreneurship and Dutch
knowledge will, for example, create more physical space to experiment. The Bay Area
provides an excellent opportunity for a demonstration project to advance the partnership
between California and the Dutch” [Raalten et al., 2009 p.98]. Although this has been said by
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an engineering company and may serve marketing purposes, the fact that San Francisco calls
a Dutch company to help them developing a plan on climate adaptation shows that the city
is looking at what has happened in other countries and how this can be an example for
them. Therefore ‘examples of adaptation actions in other cities’ is an important reason to
start adaptation.
Climate change does not completely stop development in low lying areas, so despite of
climate change, opportunities are still seen [Wijsman, 2010b], but the reports that have
been studied in this research do not really stress opportunities related to climate change, so
recognizing opportunities related to climate change is not really a reason for adaptation.
The reports do not stress international climate negotiations and already occurred weatherrelated extreme events at all as being a reason for climate adaptation in San Francisco.
Conclusion
San Francisco thus has several reasons to adapt to climate change, which have been
mentioned above. Research on impacts and adaptation and economic costs of inaction are
especially very important reasons and are rated a five. Examples from other countries, the
Netherlands in this case, plays big role as well, but is not as important as the two mentioned
before and thus scores a four. Recognizing opportunities is something that comes with
acknowledging the economic costs of inaction, but is not an important reason in itself and is
thus not very important and will be rated a two. No extreme-weather events have happened
lately in San Francisco, and neither are international climate negotiations seen as a reason to
start adaptation. These are no reasons to start adaptation at all thus and score a one.
It is remarkable to see the difference in ratings in Table 5.5. In literature a clear distinction
can be seen between the importance of the different reasons, while the average of scores
given by experts is more or less equal at every reason The range however is very broad on
almost every aspect, which shows that there is disagreement amongst experts and this can
explain why the average score of almost every aspect is medium.
A possible explanation for the difference at already occurred extreme weather events be
that experts have taken extreme weather events in other places into account as well, while
the rating based on literature has focused on extreme events in San Francisco itself. This
should however be investigated to a further extent.
Table 5.5 - Quantification of the consequences of climate change (1=very low; 5=very high). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Thirteen
experts (#13) participated, the range shows the lowest and highest score given.

Reasons to start adaptation
Literature

5.6

Experts

(range)

Already occurred weather- related extreme events

1

3

(1-5)

Research on impacts and adaptation

5

3

(2-5)

Economic costs of inaction

5

3

(1-5)

Recognizing opportunities related to climate change

2

3

(1-5)

International climate negotiations

1

2

(1-5)

Examples of adaptation actions in other cities

4

3

(1-5)

Current responsibilities
In the San Francisco Bay area, nearly 100 organizations are responsible for the maintenance
of the coastline [Wijsman, 2010b]. Responsibility for construction, operation and
maintenance, and climate proofing of flood defenses is fragmented (federal, state, regional,
private), [Raalten et al., 2009] as a section from the ‘Proposed Bay Plan’ clearly shows [BCDC,
2009, p.89]:
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“BCDC’s regional authority and local governments’ land use authority give certain agencies
primary roles in adapting to sea level rise impacts, but they are just some of the many
government agencies that are relevant to adaptation planning in the Bay Area. Management
authority over Bay and shoreline resources is sliced up among numerous other government
agencies as well. Provision of services such as flood control and water supply and quality is
managed by different local, regional, state, and federal agencies based on authorities
granted to them through various federal, state, and local laws and policies. These sectoral
management activities intersect geographic boundaries of agency jurisdiction and land
ownership that define the Bay region’s parks, wildlife areas, residential communities and
industrial and commercial areas. Together, these divisions create a patchwork of
jurisdictions and authorities that challenges the region’s ability to respond to broad
geographic and cross-sectoral impacts such as those expected with a changing climate.”
Raalten et al. [2009, p.86] also present an overview of the responsible parties:
-

-

In California, state policy on climate change adaptation is being formulated by a multiagency team led by the California Natural Resources Agency pursuant to an Executive
Order by California Governor Arnold Schwarzenegger.
BCDC plays a lead role in sea-level rise adaptation planning for the Bay Area.
In the United States, much of the land use planning and flood management is handled
by the states, which, in turn, delegate considerable power to local government.
Local government in California consists of cities, counties and special districts, including
flood control districts.
Climate adaptation strategies are being developed at the federal, state, regional and,
increasingly, at the local level.
In California, state law requires all local governments to prepare a master plan, known
as a general plan, for land use and future development. General plans are required to
include a safety element, which covers flood protection and emergency preparedness.

Conclusion
The above clearly shows that responsibility for adaptation is scattered amongst different
levels of government. The federal government has the responsibility to develop adaptation
strategies, but even more responsibility lies at the regional and local government. Those
latter two are rated a five, and the federal government is rated a four, since it is important,
but less important than the local and regional government. Residents are not mentioned to
have any responsibility at all and neither have the NGO’s, which makes them score a one. As
said in [Raalten et al., 2009], flood control districts have been established to have
responsibility in flood control. In this thesis, that is counted for as a water board and this
scores a four, because it has responsibilities, but not as much as the local and regional
government. The private sector has to take adaptation into account in their own projects,
but does not have responsibilities for the rest of the society and therefore scores a three.
Table 5.6 shows a big difference in ratings based on literature and experts’ ratings: private
sector is given the same responsibility, but all other parties have score differently. According
to literature, responsibility really differs amongst all different parties, while the average of
experts’ score is high for local government and low for NGO’s, but medium for all other
parties. The broad ranges shows that experts’ opinions about responsibility vary greatly from
one another.
The difference in scores between literature and experts for residents may exist because
literature focuses on responsibility by law, while experts may have taken moral responsibility
into account as well. The difference in scores for the regional government may be caused by
obscurity in what is exactly meant by regional.
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Over all, the differences in scores between literature and experts may be caused by the
possibility of the experts thinking that they had to say who they thought who was
responsible, although the question clearly mentioned ‘who is currently responsible’.
Table 5.6 - Quantification of the current responsibility for adaptation (1=not responsible; 5=highly
responsible). Own interpretation of plans and literature (middle) and the average of experts’ scores
(right). Thirteen experts (#13) participated, the range shows the lowest and highest score given.

Currently responsible for adaptation
Residents who choose to live in vulnerable areas

5.7

Literature

Experts

(range)

1

3

(1-5)

Local government

5

4

(3-5)

Regional government

5

3

(1-5)

National/federal government

4

3

(1-4)

Private sector

3

3

(1-5)

Water board

4

3

(1-5)

NGO’s

1

2

(1-4)

Adaptation strategies
Before explaining the adaptation strategies and measures in San Francisco, it has to be
mentioned that climate adaptation in this city has just started and as a consequence no
concrete strategy or measures have been taken yet. However, the reports that have been
studied propose some strategies and potential measures, like the report ‘San Francisco Bay
Area - Preparing for the next level’, which contains a matrix of potential measures.
So the ratings given at the end of this and the next paragraph are not based on strategies
and measures that have already been taken, but at what is planned to be taken.

5.7.1

Pro-action
The strategy of pro-action -eliminating structural causes of accidents and disasters to
prevent them from happening in the first place- is proposed to a certain extent in the city of
San Francisco. Sea level rise is taken into consideration in new coastal development, either
by building in such a way that the development can withstand a 30 inch (76 cm) rise in sea
level [Wijsman, 2010b], or by restricting development in vulnerable areas [California Climate
Change Center, 2009]. However, pro-action is a limited option, because the city of San
Francisco has been built on a peninsula, so there is not a lot of space to build on and new
development is almost necessarily limited to the coast [Wijsman, 2010b].

5.7.2

Prevention
Actually, prevention is the main strategy in San Francisco’s climate adaptation. According to
[BCDC, 1988a, Smits et. al. 2006 in: BCDC, 2009], static structures or structural protection
are the most common form of protection against flooding and erosion along the shoreline
and are considered attractive options for the future. Most of the measures proposed in the
report ‘San Francisco Bay Area - Preparing for the next level’ [Raalten et al., 2009], also focus
on prevention -building hard structures-, so this clearly shows the importance of prevention
in this city.

5.7.3

Preparation
According to the California Climate Change Center [California Climate Change Center, 2009],
San Francisco is not only in increased risk of coastal flooding and erosion, but also subject to
tsunamis, earthquakes, wildfires, terrorist attack, and other hazards. It should therefore
improve community preparedness, which provides benefits for responding to any type of
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emergency. Before a disaster strikes, communities must plan for evacuation routes,
emergency action plans, and shelters, and take into account the specific needs of vulnerable
populations. In addition, roles and responsibilities must be clearly defined among local,
state, and federal agencies [California Climate Change Center, 2009]. This shows that
contingency planning (part of preparation) is proposed as a response to all kinds of disasters
and is therefore important. However, it does not specifically focus on climate change, but
also on other potential disasters.

5.7.4

Response and recovery
Since sea level rise is the main threat to San Francisco, very low focus is on response and
recovery, because sea level rise is a constant development which continues to happen and
will not pull back on short term. Land will disappear and not be there to redevelop [Wijsman,
2010b]. Therefore, response and recovery are barely taken into consideration as adaptation
strategies in the reports studied.

5.7.5

Conclusion
Prevention is obviously the main strategy in San Francisco and scores a five; the focus is on
building structures to protect against sea level rise. However, pro-action also plays an
important role, since climate change is taken into consideration in (re)development projects
and in this way San Francisco tries to avoid problems pro-actively. This strategy will thus be
rated a four. Preparation is a strategy that has been recommended to pay attention to, but
has not been developed so far and is thus a little bit in between, a three. Response and
recovery are both paid hardly any attention to and score a one.
The average of the scores given by the experts are all low and all the same, although the
ranges are broad again Table 5.7. This can be explained by the fact that experts have been
asked which strategy has been chosen, so their focus was on what has already happened,
while literature also investigated future plans and these scores are thus not only on what has
been done, but also on what will be done. This is therefore different from Rotterdam and
New Orleans.
Scores based on literature show a clear distinction between the high focus on prevention
and pro-action and the very low scores on response and recovery, while experts’ scores
make no distinction between the strategies.
Table 5.7 - Quantification of the adaptation strategies chosen (1=not important; 5=very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Thirteen
experts (#13) participated, the range shows the lowest and highest score given.

Adaptation Strategies

5.8

Literature

Experts

(range)

Pro-action

4

2

(1-4)

Prevention

5

2

(1-4)

Preparation

3

2

(1-5)

Response

1

2

(1-5)

Recovery

1

2

(1-5)

Adaptation measures
Climate adaptation in San Francisco is still in the startup phase, in terms of tangible
measures taken. The measures that have been taken or have been planned to take will be
stressed in this paragraph. Furthermore, a matrix of potential measures will be described.
This matrix has been created by ARCADIS in 2009 [Raalten et al., 2009] and provides
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examples of potential adaptation measures (for a large part derived from the Netherlands).
According to Peter Wijsman [2010b], the matrix is now studied to a further extent and
processed in order to make a new adaptation plan. This has to become one plan for the
whole Bay Area, which is made by merging several regional adaptation plans [Wijsman,
2010b].

5.8.1

Technical solutions
Static structures or structural protection, such as seawalls, riprap revetments and levees, are
currently the most common form of protection against flooding and erosion along the
shoreline of San Francisco. Although expensive, these structures are considered attractive
options because the engineering standards for their design and implementation are fully
developed and widely used [BCDC1988a, Smits et. al. 2006 in: BCDC, 2009].
The matrix provided by Raalten [2009, p.63] shows a list of potential future technical
solutions, based on examples from the Netherlands (Figure 5.8).

Figure 5.8 - Potential future technical solutions [Raalten et al., 2009, p.65]
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5.8.2

Environmental restoration
The City of San Francisco has investigated Low Impact Design (LID), which promotes the use
of ecological and landscaped-based systems to manage stormwater, in order to lessen the
impacts of urbanization on stormwater quality and peak flows. LID aims to mimic predevelopment drainage patterns and hydrologic processes by increasing retention, detention,
infiltration, and treatment of stormwater runoff at its source. This decentralized approach
not only treats stormwater at its source and facilitates the best and highest use of
stormwater; it also allows greater adaptability to changing environmental conditions than
centralized conveyance systems do [City of San Francisco et al., 2009].
LID also emphasizes the integration of stormwater management with urban planning and
design and promotes a comprehensive, watershed-based approach to stormwater
management. Figure 5.9 shows how LID can be incorporated into an urban setting like San
Francisco without compromising its character and livability. Vegetated roofs and landscaped
areas minimize the amount of stormwater runoff. These measures may increase initial
capital costs (approximately 3%), but they bring multiple benefits to the site and the city: not
only do they protect water quality and provide open space, they may also decrease
downstream stormwater infrastructure costs because they lessen stormwater flows and
volumes. [City of San Francisco et al., 2009].

Figure 5.9 - Incorporation of LID in urban settings [City of San Francisco et al., 2009].
1. Downspout discharges to vegetated roof to reduce runoff
2. Vegetated roof to reduce runoff
3. Green wall to slow runoff
4. Downspout connected to dry well
5. Permeable paving in pedestrian areas
6. Rain garden for bio-infiltration
7. Bio-retention planter with curb cuts
8. Downspout connected to large-scale cistern for rainwater harvesting

Raalten et al. [2009] propose potential measures for San Francisco, in terms of
environmental restoration, based on examples from the Netherlands (Figure 5.10).
Will Travis, Director of the San Francisco Bay Conservation and Development Commission,
also stressed the possibilities that wetlands have as coastal protection [Travis, 2010].
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Figure 5.10 - Potential options for environmental restoration [Raalten et al., 2009, p.65]

5.8.3

Regulations
According to Peter Wijsman [2010b] climate adaptation is taken into consideration in several
projects in San Francisco, like the development of new piers and the redevelopment of
Treasure Island.
In the report from the California Climate Change Center [2009, p.89] a couple of
recommendations have been made considering regulations: “In regions at risk that are not
yet heavily developed, local communities and coastal planning agencies have the
opportunity to limit development and reduce future threats to life and property. Policies
that maintain such low-lying areas will help to accommodate rising seas. In addition to
insurance policies, (…) such policies may include local ordinances, statewide coastal
development policies, and explicit purchases of land for conservation purposes. This is often
the least expensive option for currently undeveloped areas.”
While limiting coastal development is the most effective way to reduce risk, this approach
can incur costs today. Development permits designed to provide flexibility for future
generations to address sea-level rise will reduce today’s cost. For example, permits might
allow development but stipulate that the area reverts to nature if seas rise by a specified
amount. In many cases, the value of an area’s infrastructure far exceeds the cost to raise
structures or build protective barriers. For example, the San Francisco airport and the Port of
Long Beach are extremely important to the state and national economy. In choosing what to
protect, we should favor infrastructure that necessarily belongs on the coast, such as ports,
bridges, and marinas [California Climate Change Center, 2009]. For further future use of
regulations in climate adaptation, [Raalten et al., 2009, p.65] provide the following examples
(Figure 5.11).

Figure 5.11 - Potential options for regulations [Raalten et al., 2009, p.65]

BCDC clearly realizes that San Francisco cannot just continue in the way it has developed
until now. Dikes will not protect forever, so a new way of spatial design of San Francisco has
to be found [Travis, 2010].

5.8.4

Retreat
The California Climate Change Center has provided a number of recommendations
considering retreat as climate adaptation [California Climate Change Center, 2009, p.89]:
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“In some low- and medium- density areas, the monetary and environmental cost of holding
back the sea may become unacceptably high. The lowest-cost option may be to allow natural
processes take place. Policies that that prevent flood-damaged homes or businesses from
rebuilding may help ease this transition.“
Mr. Travis, [2010] mentioned that it can be necessary to retreat from low lying area and let
nature develop as a natural buffer. However, this measure does not seem to be very
important in San Francisco, also because there is not much place to retreat to, since the city
is located at a peninsula [Wijsman, 2010b] .

5.8.5

Conclusion
In the beginning of this paragraph it has already been mentioned that technical solutions are
what is mostly aimed for in San Francisco. This can also be concluded from the matrixes
provided by ARCADIS. Therefore this type of measures scores a five. Besides this, regulations
plays a fairly high role and thus score a four. Environmental restoration is expected to play a
big role in order to deal with stormwater, and has some potential for adapting to sea level
rise as well and is thus rated a four as well. Retreat however is mentioned, but just a little bit.
And besides, it is not the most feasible option and therefore scores a two.
Just as on adaptation strategies, experts’ scores on adaptation measures are all low or very
low, while the score based on literature makes a clear distinction between retreat and the
other options Table 5.8. This can also be explained by the fact that experts have been asked
which measures have been taken so their focus was on what has already happened, while
literature also investigated future plans and these scores are thus not only on what has been
done, but also on what will be done.
The broad range in experts’ scores for the first three measures represent a big variation in
the opinion of individual experts, while the small range at retreat shows that experts agree
on retreat being not important.
Table 5.8 - Quantification of the adaptation measures taken (1=not important; 5=very important). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Thirteen
experts (#13) participated, the range shows the lowest and highest score given.

Adaptation measures

5.9

Literature

Experts

(range)

Technical solutions

5

2

(1-5)

Environmental restoration

4

2

(1-5)

Regulations

4

1

(1-4)

Retreat

2

1

(1-2)

Costs and spatial quality
This paragraph is meant to evaluate on the costs of the adaptation measures taken and the
quality it adds to the spatial environment. However, as said in paragraph 5.7, climate
adaptation in San Francisco is still in the start-up phase and no tangible measures have
already been taken. Therefore it is not yet possible to evaluate on the costs and spatial
quality in this phase, and no information has been found on this subject.

5.10

Who should be responsible?
Since literature on ‘who should be responsible’ is hardly present, a summary of the literature
that was found is given, but no scores based on literature will be given in this paragraph.
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In the proposed plan for the San Francisco Bay Area, accomplished by ARCADIS NL, a
regional approach is being promoted [Raalten et al., 2009, p.96]:
“Just as pressures such as climate change do not stop at jurisdictional boundaries, a regional
approach to address adaptation measures is essential. A regional approach towards spatial
planning, water resource management and urbanization in the San Francisco Bay Area, and
the catchments of the main tributaries flowing into the Bay, will help to develop and
implement measures that address climate change and other issues, such as urban sprawl.
Creating an institution that combines the planning capacity and jurisdiction to address flood
protection, spatial planning and water management would be ideal. The regional
coordination in place, in Portland (Oregon) and Vancouver (Canada), can be used as an
example and combined with the strong points of the regional organization in The
Netherlands. This could lead to an institution combining the coordination and planning of
the Joint Policy Committee (JPC) with the jurisdiction of local governments, including cities,
counties and special Districts.”
BCDC [2009] advises to integrate regional adaptation strategies and responses of multiple
agencies, and to do so together with the Joint Policy Committee (JPC) and other agencies.
In the online survey, experts have been asked to give their opinion about who should be
responsible for climate adaptation in San Francisco. Table 5.9 shows the average of the 13
responses.
Conclusion
In the reports studied, a strong focus is put on the regional approach. So the regional and
local government should be given high responsibility, more than the government on a
national level. The focus on responsibility on local scale can also be found amongst experts,
as can be seen in Table 5.9, where local government is given highest responsibility. Residents
and NGO’s are given lowest responsibility here, although the over-all responsibility is quite
high. No party is seen as not responsible or hardly responsible.
Table 5.9 - Quantification of who should be responsible (1=not responsible; 5= highly responsible). The
scores are the averages of experts’ scores. Thirteen experts (#13) participated, the range shows the
lowest and highest score given.

Who should be responsible for adaptation
Experts

(range)

Residents who choose to live in vulnerable areas

3

(1-5)

Local government

5

(2-5)

Regional government

4

(2-5)

National/federal government

4

(1-5)

Private sector

4

(1-5)

Water board

4

(1-5)

NGO’s

3

(1-5)
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6. Tampa Bay

[Google Earth, 2011]

6.1

Introduction
Information used in this chapter is based on literature, on interviews with experts and on the
survey held amongst experts. The survey has especially been used to reach the people that
could not be interviewed for one reason or the other. A total of 25 experts have been
interviewed and an additional 7 experts have participated in the survey. The experts are
people from all different kinds of organizations, varying from the city of Tampa, Hillsborough
County and the Regional Planning Council to the Southwest Florida Water Management
District, the Tampa Bay Estuary Program or private companies. This provides this research
with a broad informational background. Some experts prefer to stay anonymous because of
their employer, and will therefore not be mentioned by name.
This chapter is slightly different from the chapters before, since adaptation to climate
change has not really started in Tampa Bay. Therefore, an additional paragraph is included,
where the reasons not to adapt are discussed. Furthermore, from paragraph 6.5 onward,
information is not so much derived from literature as it was in other chapters, since
literature on the topics discussed in those paragraphs hardly exists on Tampa Bay. Therefore,
those paragraphs are based on information from experts’ answers in the interviews and
survey.

6.2

Current situation
Located on the west coast of Florida, the Tampa Bay region is favored with nearly 700 miles
(1100 km) of shoreline. Much of this shoreline runs along the Tampa Bay, which covers 398
2
square miles (1030 km ) at high tide. The bay is popular for sports and recreation and also
supports one of the world’s most productive natural systems. The estuary is designated as
an Estuary of National Significance. The estuarine environment, with the mixing of fresh and
salt water, provides the ecosystems and the natural communities that support a diverse
group of marine wildlife. This includes over 200 species of fish and 25 species of shore and
wading birds [Tampa Bay Regional Planning Council, 2006]. Figure 6.1 shows the typical
coastal habitat of southwest Florida.
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Figure 6.1 - Typical coastal habitat zonation for Southwest Florida, Year 2000 [Beever et al., 2009]

Four major sources of surface water -the Hillsborough, Alafia, Little Manatee, and Manatee
Rivers- flow into the Tampa Bay and the watershed around the bay covers approximately
2
6600 km [Xian & Crane, 2005]. This area encompasses most of Pinellas, Hillsborough,
Manatee and Pasco Counties [Tampa Bay Regional Planning Council, 2006, p.2]:
Hillsborough County: Hillsborough County has the fourth largest population in the State of
Florida, ranks first in population in the region and has the largest land area with 272
thousand hectares. The County seat is the City of Tampa, which is the largest urban center in
the region and the state’s third largest city in area behind Jacksonville and Miami. The
County’s estimated 2005 population was 1,131,546.
Manatee County: Manatee County, with 192 thousand hectares of land area, has six
incorporated municipalities of which the City of Bradenton is the largest. The County’s
estimated 2005 population was 304,364.
Pasco County: Pasco County, with a land area of 193 thousand hectares, has the highest
percentage of undeveloped land in the region. Its major cities are New Port Richey, Dade
City, and Zephyrhills. The County’s estimated 2005 population was 406,898.
Pinellas County: Pinellas County, at 72 thousand hectares, is the smallest in land area. It is
also the most densely-populated county in Florida with more than 3,385 people per square
mile in 2005. Twenty- four municipalities are located within Pinellas County with St.
Petersburg being the largest; it is the fourth largest city in the State. The County’s estimated
2005 population was 947,744.
The Tampa Bay area urbanization has been undergoing development since the 1800’s. Many
residential areas were developed in the Hillsborough River, Coastal Old Tampa Bay, Costal
Hillsborough Bay, Alafia River, Costal middle Tampa Bay, and Boca Ciega Bay drainage basins.
Recent urban land-use development has widely extended to the northeastern side of Coastal
Old Tampa Bay where large open lands were available. Suburban sprawl changes the natural
landscape into impervious surface. This change is altering the environment through loss of
natural resources and declines in the spatial extent and connectivity of wetlands and wildlife
habitat [Xian & Crane, 2003 in: Xian & Crane, 2005].
Along the western side of the Tampa Bay region lies a barrier island system running from
Longboat Key (Manatee County) on the south to Anclote Key (Pinellas and Pasco Counties)
on the north. The barrier islands of the Tampa Bay region are highly developed but also have
predominantly sandy beaches. Much of the Pasco County coast in the northern part of the
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region is made up of coastal marsh wetlands. This marshland provides a natural buffer
between the Gulf of Mexico and the mainland. In the year 2005 the region’s 43 local
governments had an estimated population of more than 2.7 million residents. This figure is
forecast to reach nearly 3 million in 2010 and 3.2 million in 2015. While growth slowed
slightly during the 1990s, an average of nearly 500 people per week continue to move into
the region [Tampa Bay Regional Planning Council, 2006]. The Centre of Urban and
Environmental Solutions [Florida Atlantic University, 2007 in: Aerts & Walraven, 2008]
estimated that the number of households in the entire State of Florida will be doubled to 36
million by 2060 (see Figure 6.2).

Figure 6.2 - Growth in urban development in Florida. Left: land use map today. Right: simulated land use
in 2060 [Aerts & Walraven, 2008]

The climate of southwest Florida is subtropical or tropical savanna [Hela 1952 in: Beever et
al., 2009]. This results in alternating wet season flooding (between June and September) and
severe dry season drought from November to April). Typically, between 18 to 23% of annual
rainfall occurs in dry season and 60 to 72% of the rainfall occurs in wet season [Drew and
Schomer 1984 in: Beever et al., 2009].

6.3

Probability of the impacts of climate change to occur
A 2009 public opinion survey by Yale University revealed that the majority of Floridians are
becoming more aware of climate change; however few are worried about local impacts
[Lausche, 2009].
When asking the experts what they thought would be the impacts of climate change, most
of them mentioned sea level rise. Extreme weather (including hurricanes) and more intense
precipitation have also been mentioned. Other impacts experts thought of included higher
temperatures, drought and wildfires and a shift in dry and wet seasons.

6.3.1

Sea level rise
Based on National Oceanic and Atmospheric Administration (NOAA) data, a 2008 report
from the National Science and Technology Council stresses that sea level along most of the
U.S. Atlantic and Gulf Coasts has been rising 0.08 inches (0.2 cm) to 0.12 inches (0.3 cm) per
year [Tampa Bay Regional Planning Council, 2006] which is 8 inches (20 cm) in the last 100
years [Beever et al., 2009]. According to the Tampa Bay Regional Planning Council [2006],
sea level rise in the Tampa Bay region is rising 0.23 cm/yr.
Table 6.1 shows estimated sea level rise for the Tampa Bay region, based on U.S.
Environmental Protection Agency (EPA) reports [Tampa Bay Regional Planning Council,
2006].
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Table 6.1 - Estimated sea level rise for the Tampa Bay region based on EPA estimates [Tampa Bay
Regional Planning Council, 2006], with corresponding Southwest Florida Regional Planning Council
estimates (highlighted) [Beever et al., 2009 & Lausche, 2009].

This corresponds with a 2009 draft technical report from the Southwest Florida Regional
Planning Council, based on historical data and scenarios about future global temperature
increase and sea level rise, to calculate estimates of future sea level rise at the regional level.
The report included best-case (90% probability), moderate-case (50% probability) and worstcase (5% probability) scenarios, which have been indicated in Table 6.1 by respectively
green, yellow and pink highlighting [Beever et al., 2009 & Lausche, 2009].
A 2007 study by Florida State University allows for some acceleration from historical rates
while still keeping within the trend line of historical data. At the St. Petersburg data site, that
study projected a possible rise of almost 14 inches (36 cm) between 2006 and 2080 [Walton,
2007 in: Beever et al., 2009]. Taking the climate model an additional step, a 2007 study by
Tufts University included recent estimates of ice sheet melt rates and projected a sea level
rise of 17.7 inches (45 cm) by 2050 and 35.4 inches (90 cm) by 2100 if business will be
continued as usual — that is, if greenhouse gas concentrations continue to rise and ice melt
accelerates. This projection approaches the emerging global sea level rise estimate of about
40 inches (1 m) [Stanton and Ackerman, 2007 in: Beever et al., 2009].
Beever [et al., 2009] visualizes three climate change scenarios: least case (90% probability of
occurrence), moderate case (50% probability of occurrence), and worst case (5% probability
of occurrence) in Figure 6.3 and Figure 6.4.

Figure 6.3 - Sea level rise in three different probabilities in the year 2050. Least case (90% probable),
moderate case (50% probable) and worst case (5% probable) [Beever et al., 2009].
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Figure 6.4 - Sea level rise in three different probabilities in the year 2050. Least case (90% probable),
moderate case (50% probable) and worst case (5% probable) [Beever et al., 2009].

6.3.2

Extreme weather events
Because of its geographical location, Southwest Florida is highly vulnerable to weather
related disasters including hurricanes and coastal storms, tornadoes, seasonal flood,
thunderstorms, coastal erosion, and winter storms [Beever et al., 2009]. The area is subject
to both Atlantic and Caribbean hurricanes and as a result forty percent of all US hurricanes
hit the state of Florida. From 1851 until 2004 Florida has had 110 direct hits, which makes it
the state with most hurricane hits in the entire USA [Blake et al., 2005].
The first registration of a hurricane to make landfall directly in Tampa Bay was in 1921.
Known as the Tampa Bay Hurricane of 1921, the Category 2 hurricane brought storm surge
of 10 ft. (3,05 m) to 12 ft. (3,65 m) causing $10 billion in property damage at that time [First
American Corporation, 2010].
Tampa Bay has also been impacted by Hurricane Andrew in 1992 as it crossed the southern
peninsula of Florida. It hammered the southern part of Florida, causing $43.7 billion worth of
damage, one of the most destructive United States hurricanes on record [First American
Corporation, 2010].
While studies have shown that there is no clear, long-term trend in the number of tropical
storms per storm season [IPCC 2007b & Webster et al. 2005 in: Beever et al., 2009], there
have been multi-decadal scale trends in storm frequency. These trends indicate that
southwest Florida is currently in an active period [Goldenberg et al., 2001 in: Beever et al.,
2009]. While storms can occur at any time of year, over 97 percent of North Atlantic tropical
storm activity occurs from June to November [Landsea et al., 1994 in: Beever et al., 2009].
Storm intensity trends indicate that the power of Atlantic tropical cyclones is rising rather
dramatically and that the increase is correlated with an increase in the late summer/early
fall sea surface temperature over the North Atlantic [IPPC 2007b in: Beever et al., 2009].
Other studies indicate that severe hurricanes (Category 3 or higher) may become more
frequent with increasing sea-surface temperatures [Webster et al., 2005 in: Beever et al.,
2009], and that rising sea temperatures are expected to causes a 5 to 10% increase in
hurricane wind speeds [USNOAA, 2008; FOCC, 2009; USEPA CRE, 2008 in: Beever et al.,
2009].
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6.3.3

Extreme precipitation
Annual precipitation in Tampa is 1115 mm (43.9 inch) and monthly precipitation in Tampa
Bay varies from 28 mm (1.1 inch) in April to 193 mm (7.6 inch) in August (Table 6.2) [Climate
Zone, 2010]. Because of its geographical location heavy downpours occur very often in
Tampa Bay, especially from June through September, as part of the hurricane season.
Table 6.2 - Average monthly precipitation Tampa Bay [Climate Zone, 2010].
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual

Precipitation (inches)

2.0

3.1

3.0

1.1

3.1

5.5

6.6

7.6

6.0

2.0

1.8

2.1

43.9

Precipitation (mm)

51

79

76

28

79

140

168

193

152

51

46

53

1115

Furthermore, a thorough analysis of these time series indicates that practically the entire
nationwide increase in heavy and very heavy precipitation has occurred during the past
three decades [Soil and Water Conservation Society, 2003 in: Groisman et al., 2003]. Dr. Yeh
[2010b] also discusses the increase in very heavy precipitation during the last decades.
Results can be found in Figure 6.5. This shows that in South-east USA, including, very heavy
precipitation has increased by 20% from 1958 to 2007.

Figure 6.5- Observed increases in amounts of very heavy precipitation (defined as the heaviest 1% of all
events) in the USA from 1958 to 2007 [Groisman et al. in: Yeh, 2010b]

Even in the most probable, lowest impact future climate change scenario predictions, the
future for southwest Florida will include increased climate instability and part of this is that
even more precipitation will fall in wet seasons. Precipitation is expected to increase five to
ten percent over the levels of the 20th century [Beever et al., 2009].

6.3.4

Conclusion
In the last century, sea level in the Tampa Bay Region has already risen 8 inches (20 cm)
[Beever et al., 2009]. Table 6.1 shows that the exact rate of sea level rise is very uncertain.
However, sea level will rise to a certain extent; even in the best scenarios from Table 6.1 will
come true. Sea level will thus rise anyway and this element does therefore score a five.
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Florida is the state with most hurricane hits in the USA [Blake et al., 2005] and Tampa Bay
th
has been severely damaged twice in the 20 century. Predictions show that both frequency
and intensity of hurricanes are even increasing and therefore the probability of a hurricane
to occur in the Tampa Bay region is rated a five.
Precipitation is particularly heavy during hurricane season and especially during August and
September heavy thunderstorms show up almost daily, bringing heavy downpours as well
[Yeh, 2010a]. Future predictions forecast an increase in (very heavy) precipitation, so the
probability of extreme precipitation to occur is very high and will thus be rated a five.
Those scores are summarized Table 6.1, together with the average of the scores given by
experts. As can be seen, most experts expect sea level to rise, although most of them
mentioned that the amount to which this will happen is still uncertain. Some of the experts
think sea level will hardly rise and Tampa Bay does not have to worry too much. Hurricanes
are events Tampa Bay already has to deal with and this will continue to be an issue in future.
Table 6.3 shows that both literature and experts agree on the probability of extreme
weather events, and that the difference in scores at the other aspects amounts just one
level. The range in experts’ score is however very broad, which shows that disagreements
exists on these topics.
Table 6.3 - Quantification of the probability of the impacts of climate change to occur (1=very low;
5=very high). Own interpretation of plans and literature (middle) and the average of experts’ scores
(right). Thirty-two experts (#32) participated, the range shows the lowest and highest score given.

Probability
Literature
Sea level rise

5

Experts
4

(range)
(1-5)

Extreme weather events (storms, hurricanes)

5

5

(2-5)

Extreme precipitation

5

4

(1-5)

6.4

Consequences of climate change

6.4.1

Sea level rise
Sea level rise in Florida will have both physical and socioeconomic impacts, their severity
dependent as much - or more - on how quickly sea level rises as the total number of inches
or feet that it rises. In a 2009 report on climate change in Florida, the Florida Oceans and
Coastal Council concluded that coastal wetlands, salt marshes and mangroves are all
expected to be negatively affected by sea-level rise especially where they are constrained on
their landward side or where they are deprived of sediment or freshwater [FOCC 2009 in:
Lausche, 2009]. These biophysical changes will trigger local and regional social and economic
impacts. The Florida Oceans and Coastal Council concluded that climate change has the
potential to threaten every aspect of life, from essential infrastructure like roads and water
systems to the health of residents and visitors and the state’s economic well-being and longterm sustainability [FOCC, 2009 in: Lausche, 2009]. According to the Council impacts will
place immense strains on public sector budgets. The secondary impacts of climate change
can include higher prices, reduced incomes, and job losses.
The Tufts University study also projected severe economic consequences for Florida if
greenhouse gas emissions are not rapidly stabilized. The analysis projected the annual costs
of inaction (“business-as-usual”) to total $92 billion by 2050 — that is a $40 billion loss in
tourism and $23 billion loss in real estate, the two areas most directly linked to sea level rise.
There would also be an additional $5 billion for the cost of electricity and a $25 billion
increased cost in dealing with damage from more intense hurricanes [Stanton and Ackerman
2007 in: Lausche, 2009]. These projections did even not include other sectors such as
fisheries, transportation or water systems.
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A National Wildlife Federation (NWF) and Florida Wildlife Federation study in 2006 studied
st
the impact of a 15-inch (38 cm) rise in average sea level in the 21 century in nine coastal
sites in Florida. Even this mid-level scenario for sea level rise would translate into a
horizontal move of water inland as much as 250 feet (76m) [Schweiger & Fuller, 2006], which
has costly consequences for Florida’s commercial and recreational fishery as well as coastal
tourism. If left unchecked, sea level rise would cause the loss of nearly 50 percent of the salt
marsh that is critical fish nursery habitat and a 30 percent loss of the ocean beaches [NWF,
2006 in: Lausche, 2009]. The area of dry land is projected to decrease by 14% (70,680 ha),
and roughly 30% (405 ha) of ocean beaches and two-thirds (2,380 ha) of estuarine beaches
would disappear [Schweiger & Fuller, 2006].
The text above has described what the consequences will be for the entire state of Florida.
Table 6.4 shows the specific consequences for the Tampa Bay region in terms of habitat loss.
Table 6.4 - Projected ecological effects of 15-inch (38 cm) sea-level rise for Tampa Bay by 2100
[Schweiger & Fuller, 2006]

Losses of estuarine
habitats/beaches

Losses of freshwater/
dry land habitats

Increase in habitats

96% loss of tidal flats

10% loss of dry land

Mangrove area more than

86% loss of saltmarsh

doubles

Figure 6.6 and Figure 6.7 visualize what the consequences of respectively 50 cm and 1m sea
level rise mean in terms of coastal inundation.

Figure 6.6 - Coastal Inundation Tampa Bay [Clean Air - Cool Planet, 2008]

Those figures show that large parts of the coastal area will be inundated in case of a 1-meter
rise in sea level. Large parts of St. Petersburg will be flooded and important parts of Tampa,
like the MacDill Air Force Base, the Tampa General Hospital and large residential areas.
A calculation of the economic impacts of sea level rise in the Tampa Bay Region, in terms of
costs in dollars, has not yet been made.
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Figure 6.7 - Coastal Inundation Tampa Bay [Clean Air - Cool Planet, 2008]

6.4.2

Extreme weather events
st

th

The hurricane season (June 1 to November 30 ) is especially brutal on southwest Florida.
Nobody in the region lives more than 75 miles (120 km) from the coast, and while storms
have effects wherever they strike, they have particularly heavy impacts in coastal areas.
Storm surges, wave action, high winds, and heavy rainfall can all combine to produce effects
that slow or shut down life in coastal communities, disrupt normal activities, damage
property, and injure people [Beever et al., 2009]. The low lying topography, over-population
of the near coastal zone and limited to inadequate evacuation and shelter systems place
southwest Florida in the danger zone for major disaster [Beever et al., 2009]. Figure 6.8
illustrates how the Southwest Florida Water Management District (SWFWMD) warns people
against the consequences of hurricanes.

Figure 6.8 - Consequences of a category 5 hurricane moving into the Tampa Bay from the southwest at
high tide [SWFWMD, 2006].
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According to IPCC models, hurricane intensity will increase due to climate change [IPCC
2007c in: Lausche, 2009]. Damage will multiply as the effects from more intense hurricanes
are added to more severe storm surges resulting from higher sea levels [University of
Washington Center for Science in the Earth System 2007; Peterson 2007; FOCC 2009; USEPA
CRE 2008; USEPA 2008; USNOAA 2008 in: Beever et al., 2009]. Figure 6.9 and Figure 6.10
visualize the consequences of a 3 ft. (92 cm) storm surge in combination with respectively 50
cm and 1m sea level rise.

Figure 6.9 - Coastal Inundation Tampa Bay [Clean Air - Cool Planet, 2008]

Figure 6.10 - Coastal Inundation Tampa Bay [Clean Air - Cool Planet, 2008]
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Table 6.5 shows that Category 5 hurricane striking the Tampa Bay shoreline of the Gulf of
Mexico could cause nearly $33 billion worth of property damage and inundate nearly
244,000 properties with storm surge.
Table 6.5 - Residential Exposure by Storm Category [First American Corporation, 2010]
Category of hurricane

Total Properties affected

Total residential Structure Value

Category 1

50,300

$9,4 billion

Category 2

86,400

$14,7 billion

Category 3

146,100

$21,8 billion

Category 4

199,200

$28,0 billion

Category 5

244,000

$33,0 billion

Eight areas would suffer property damage of over $1 billion. Even if the hurricane is only a
Category 1 storm, it could cause area residents total property damage of over $9.4 billion,
affecting over 50,000 homes [First American Corporation, 2010]. The corresponding
visualization of the impact on downtown Tampa is shown in Figure 6.11, while Figure 6.12
shows the impacts on the entire Tampa Bay Region.

Figure 6.11 – View of storm-surge impact on downtown Tampa [First American Corporation, 2010]. The
black color represents water.

More intense hurricanes will cause more damage to both coastal and inland habitations and
will increase the devastating effects of hurricanes to infrastructure and human economy
[Elsner 2006; Peterson et al. 2007; USNOAA 2008; USEPA CRE 2008 in: Beever et al., 2009].
This increased magnitude of coastal storms will cause geomorphic shifts in barrier islands
and habitats at coastlines through coastal erosion and inundation. There will be habitat
loss/migration due to erosion/inundation [University of Washington Center for Science in
the Earth System 2007; Peterson 2007; FOCC 2009; USEPA CRE 2008; USEPA 2008; USNOAA
2008 in: Beever et al., 2009].

6.4.3

Extreme precipitation
Increases in precipitation, including heavy and extreme precipitation events, affects all land
surfaces and receiving water bodies [Beever et al., 2009]. Changes in the volume and
intensity of precipitation contribute to erosion, flooding, and run-off at coastlines. Especially
when the surface is impervious, extreme precipitation can cause local flooding. The overall
TAMPA BAY

109

rate of increase in imperviousness in the Tampa Bay Region is almost three-fold from 1991
to 2002 [Xian & Crane, 2005].

Figure 6.12 – Tampa Bay Region Storm Tide Zones [Tampa Bay Regional Planning Council, 2010]

Research results indicate that almost 800 thousand hectares of land (12% of the land
surface) have a 90% or higher probability of being converted into new impervious surface by
2025. When this is added to existing impervious land in the watershed, more than 2.5 million
hectares, or 38% of the land surface, will be classified as urban impervious land cover in
2025. This expansion of imperviousness can be expected to have serious environmental
consequences throughout the watershed [Xian & Crane, 2005].

6.4.4

Conclusion
Because of the low elevation in the State of Florida and the Tampa Bay Region specifically,
sea level rise is expected to have high consequences. Ecological consequences will be high
and although no economic calculations have been made yet, visualizations show that large
parts of the Tampa Bay Region will be inundated, even when the sea level will just rise 50
cm. Therefore, impacts of sea level rise are rated very high, a five.
A lot has been written on the consequences of a hurricane that hits Tampa Bay. Even a
category one hurricane would cause over nine billion dollar residential damage and affect
over 50.000 people. This shows that consequences of extreme weather are very high as well,
and that is why this also scores a five.
Not much information has been found on the consequences of extreme precipitation.
However, a lot of surface in the Tampa Bay Region is impervious and in combination with
extreme precipitation in the hurricane season, this will certainly have consequences. The
consequences will be high, but since this is on local scale they will not be rated very high, but
a four.
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Table 6.6 shows the scores given above, as well as the average of the scores given by
experts. Experts expect sea level to have high consequences, since the Tampa Bay Region is
very flat and at low elevation. Their opinions on the consequences of a hurricane differ from
one another. While many experts think a hurricane will have very high consequences, some
think it will not be that bad, because of Tampa Bay’s history of dealing with hurricanes and
the United States’ ability to recover from big natural disasters.
Experts’ score on extreme precipitation is the same as the score based on literature. On sea
level rise and extreme weather events literature’s scores are one level higher than experts’
scores. The range in experts’ scores is broadest on extreme precipitation and also very broad
on the other two aspects, which represents the disagreement amongst the experts.
Table 6.6 - Quantification of the consequences of climate change (1=very low; 5=very high). Own
interpretation of plans and literature (middle) and the average of experts’ scores (right). Thirty-two
experts (#32) participated, the range shows the lowest and highest score given.

Consequences
Sea level rise

Literature

Experts

(range)

5

4

(2-5)

Extreme weather events (storms, hurricanes)

5

4

(2-5)

Extreme precipitation

4

4

(1-5)

When asking the experts what the main vulnerabilities to the Tampa Bay Region would be,
they obviously mentioned the coastal zones. The beaches were seen as very vulnerable and
Downtown and Bay-shore Boulevard (Figure 6.13) have been mentioned as well. In the
Hillsborough County Long Term Transportation Plan, spots that are most vulnerable to
natural hazards have been identified [Hillsborough County MPO, 2009]:
-

Interstate Systems (I-4, I-75, I-275)
U.S. Highways (e.g. U.S. 92, U.S. 301
State Roads (e.g. S.R. 60)
Tampa International Airport
Peter O Knight Airport
Saint Petersburg International Airport
MacDill Air Force Base
Bayshore Boulevard
Howard Frankland Bridge
Port of Tampa
Downtown Tampa
Rail Networks
Pipeline Network
HART Transit System

Those spots that are bound to a specific place are localized in Figure 6.13.
Obviously, this list does contain a lot of infrastructural spots. The importance of protecting
the transportation system is stressed in the report as well [Hillsborough County MPO, 2009,
p.18]: “Different hazards and threats can have devastating impacts to the transportation
system. Not only can potential hazards and threats affect the transportation system’s ability
to function as designed, but even more importantly, it may affect its ability to deliver
emergency supplies or assist with timely evacuation of citizens during a time of emergency.”
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Figure 6.13 – Vulnerable spots in the Tampa Bay Region (based on: Google Earth and [Hillsborough
County MPO, 2009]

6.5

Main reasons to start adaptation to climate change
In Florida, as in many states, policies and processes are being put in place to help mitigate
future climate change by reducing greenhouse gas emissions. Yet measures to create plans
and policies that will help communities adapt to the anticipated impacts caused by past
greenhouse gas emissions have been notably absent. Florida state law does not require that
policy makers or planners take sea level rise into consideration in the policies they create for
land use planning or development [Lausche, 2009]. Since adaptation to climate change has
not really started yet in the Tampa Bay region, literature and spatial plans cannot tell what
have been the reasons to start adaptation and neither can experts. Therefore, the experts
have been asked what would be the main reasons to start adaptation to climate change in
the Tampa Bay Region. This paragraph will briefly discuss their answers and show the
average of their scores.
Tampa Bay has not experienced extreme weather in a long time, the last hurricane that
directly hit Tampa Bay stems from 1921 [First American Corporation, 2010]. People then
easily forget about it, as an expert stated: out of sight, out of mind. This makes a number of
experts score this reasons low. However, the State of Florida as a whole often gets hit by a
hurricane, and this reminds other experts of how vulnerable Tampa Bay is to those extreme
weather events. They therefore score this reason high. On average, this reason thus scores
medium, as can be seen in Table 6.7.
Large differences exist amongst the experts with respect to recommendations from the
scientific community. While some say more agreement is needed amongst scientist before
public and politicians will start thinking about adaptation, others say scientific
recommendations already play an important role. According to two experts, something
disastrous has to happen before people will undertake action: Right after Katrina, the city of
Tampa put together hurricane plans, bought equipment and trained people for evacuation.
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International climate negotiations clearly play a marginal role in the USA, and in Tampa Bay
in particular, according to the experts. This is also clearly shown in the low score at this point,
and the relatively small range in experts’ scores.
According to a number of experts, showing the economic costs of inaction, putting things in
dollars, can really help people realize that something needs to be done.
Conclusion
Table 6.7 shows that experts consider research on impact and adaptation and economic
costs of inaction the main reasons to start adaptation to climate change. International
climate negotiations is the least important reason, while other reasons score medium. The
ranges in scores are maximum at the first four reasons and are small at international climate
negotiations.
Table 6.7 - Quantification of the reasons to start adaptation (1=no reason; 5= important reason). Plans
and literature are hardly present, so no score is given. The score in the right column is the average of
experts’ scores. Thirty-two experts (#32) participated, the range shows the lowest and highest score
given.

Reasons to start adaptation
Literature

6.6

Experts

(range)

Already occurred weather- related extreme events

-

3

(1-5)

Research on impacts and adaptation

-

4

(1-5)

Economic costs of inaction

-

4

(1-5)

Recognizing opportunities related to climate change

-

3

(1-5)

International climate negotiations

-

2

(1-3)

Examples of adaptation actions in other cities

-

3

(2-5)

Reasons not to adapt
As explained in the introduction to this chapter (paragraph 6.1), this chapter does, unlike the
other chapters, include an overview of reasons not to adapt. This has been done because
climate adaptation is quite a new topic in Tampa, and this paragraph wants to investigate
why adaptation has not yet started.
The answers of the interviewees and participants in the survey to the reasons not to adapt
varied widely. Some consider cost as the most important reason, partly because of the
economic concerns in the United States. According to an expert, this provides governments
with a millions of excuses not to spend money on climate adaptation. And residents neither
have the money to adapt. The problem of costs often comes with the uncertainty of
consequences and the lack of proof on climate change: people and government want to
know where they spend their money on and as long as uncertainty exists on whether the
money they invest is well spent, adaptation will not happen. Unclear responsibilities is also
seen as an important reason by some experts, because everybody wants somebody else to
undertake action, everybody is pointing at each other and nothing is done in the end.
Experts themselves do not see climate change as too big a problem, but they think this is an
important reason for a lot of people. Lack of political interest is related to either costs and
uncertainty of consequences, and is an important reason as well, because they only think
ahead four years, the duration of their political lifespan. And besides, politicians will not gain
many votes if they want to spend a lot of money on climate adaptation.
Conclusion
Many reasons are thus considered important. However, others do not see all those reasons
as being that important, as can be seen in Table 6.8. This shows that the average scores are
all medium and that the range amongst the individual scores is maximum for each reason.
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There is thus not an outstanding, very important reason not to adapt and that disagreement
exists amongst the experts. The wide range shows the disagreement amongst experts.
Table 6.8 - Quantification of the reasons not to adapt (1=no reason; 5=important reason). Plans and
literature are hardly present, so no score is given. The score in the right column is the average of experts’
scores. Thirty-two experts (#32) participated, the range shows the lowest and highest score given.

Reasons not to adapt
Literature

6.7

Experts

(range)

Costs

-

3

(1-5)

Uncertainty of consequences

-

3

(1-5)

Lack of proof on climate change

-

3

(1-5)

Unclear responsibilities for adaptation

-

3

(1-5)

Too big a problem, adaptation impossible

-

3

(1-5)

Lack of political interest

-

3

(1-5)

Current responsibilities
The experts have been asked who is currently responsible for climate adaptation. An
important problem they mentioned with respect to responsibility is that residents live close
to the beach and want to keep on doing so. However, (local) government allows them to live
there, but also has the power to prohibit living in those areas. The problem is that residents
seldom realize they are responsible for the consequences of living in flood risk areas. When
something happens, they will turn to the FEMA (Federal Emergency Management Agency)
for recovery money.
Conclusion
As can be seen in Table 6.9, regional and national government have the highest
responsibility and NGO’s the lowest. However, the difference between those parties is just
two points, and difference between all other parties just amounts one point. This may point
out that responsibilities are scattered quite equally amongst all different parties, but the
wide range for every answer is remarkable and can be a reason to assume that
responsibilities are just not yet clearly defined. This can then also be an important reason
why not much has happened yet. When every party points at each other when it comes to
undertaking action, nothing may happen.
Table 6.9 - Quantification of current responsibility for adaptation (1=not responsible; 5= very
responsible). Plans and literature are hardly present, so no score is given. The score in the right column
is the average of experts’ scores. Thirty-two experts (#32) participated, the range shows the lowest and
highest score given.

Currently responsible for adaptation
Literature

6.8

Experts

(range)

Residents who choose to live in vulnerable areas

-

3

(1-5)

Local government

-

3

(1-5)

Regional government

-

4

(1-5)

National/federal government

-

4

(1-5)

Private sector

-

3

(1-5)

Water board

-

3

(1-5)

NGO’s

-

2

(1-4)

Adaptation strategies
Since climate adaptation is a relatively new subject in the Tampa Bay Region, one cannot yet
clearly distinguish different strategies in climate adaptation, like this has been done for the
three other cities. There may however already be some choices made that will not be called

TAMPA BAY

114

climate adaptation, but can nonetheless be considered in that way. This has been
investigated by studying (policy) documents and plans on Tampa Bay and by using
information from interviews with experts. This is however not enough to base a score on and
therefore no scores based on literature will be given here. Experts’ scores will be shown, not
on which adaptation strategies have been chosen, but on which strategies should be chosen
according to them.

6.8.1

Pro-action
Florida state law requires that coastal county and city comprehensive plans meet certain
state goals, including protection of human life against the effects of natural disasters and
limitation of public expenditures that subsidize development in high-hazard coastal areas
[Lausche, 2009]. This is however the only aspect found in literature and spatial plans that
can be considered as pro-action -eliminate structural causes of flooding.

6.8.2

Prevention
One expert mentioned that Tampa Bay does have some sea walls to prevent water from
flooding the city, but these walls are very small. Dunes either hardly exist; the little heaps of
sand that can be found on the beaches will not protect the coastal areas against flooding
and cannot be compared to the line of dunes that protect the Netherlands for instance.

6.8.3

Preparation and response
There are a number of building requirements that the National Flood Insurance Program
(NFIP) requires for new construction or substantial improvements in coastal high hazard
areas to be able to withstand wind and waves, which can be considered as preparation taking measures to ensure sufficient preparation to deal with accidents and disasters in case
they happen-. New buildings and improvements must [Tampa Bay Regional Planning Council,
2006]:
-

Obtain and maintain the elevation of the bottom of the lowest horizontal structural
member of the lowest floor.
Be located landward of mean high tide and no new construction is allowed over water
Be elevated so that the bottom of the lowest horizontal structural member of the
lowest floor is at or above the base flood elevation (BFE), on a pile or column
foundation.

According to an expert, the United States and the Tampa Bay Region in particular have
always had a strong focus on being reactive to natural disasters. For example, the Florida
Division of Emergency Management (DEM) is currently developing the Florida Catastrophic
Planning (FLCP) Project, which considers two catastrophic events: a breach of the Herbert
Hoover Dike around the waters of Lake Okeechobee and a Category 5 hurricane making
landfall in South Florida. Other agencies are conducting table-top exercises, drills, and even
full-scale exercises to test the system and provide training opportunities to relevant agencies
and staff in preparing for a potential event [Hillsborough County MPO, 2009]. Preparation
and response are thus strategies that are paid attention to.

6.8.4

Recovery
Coastal counties and municipalities are required to prepare post-disaster redevelopment
plans (PDRPs) as part of the coastal management component of their comprehensive plans.
While most counties have indicated their intent to do so, resource and other constraints
have delayed development of these plans. To jump-start these efforts, the Florida
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Department of Community Affairs with the Division of Emergency Management in 2007
launched an initiative to support several pilot projects in post-disaster redevelopment
planning around the state. This initiative will generate concrete plans in the pilot areas and
new guidelines for other counties to use in their efforts. These post-disaster redevelopment
plans and the development and consultation processes involved provide a timely and
important opportunity to begin addressing sea level rise considerations in both pre-disaster
preparations and post-disaster redevelopment [Lausche, 2009]. Furthermore, the Federal
Emergency Management Agency (FEMA) plays an important role in recovery from disasters,
showing the important role recovery plays in the United States.

6.8.5

Conclusion
Experts have been asked to what extent they thought the five strategies should be followed.
The results in Table 6.10 show that prevention is seen as the strategy least suitable for
Tampa Bay. Reasons for this choice vary from: “prevention has a high trade off on the
environment” and “Florida is too flat for prevention, water will come around the dike at
another place and cause flooding anyway” to “we are too far behind, we have to start it up
entirely, which is very costly, because we have hardly done anything preventive”. All other
strategies score equally, a four. However, the range is very broad, which shows that experts
do not agree on which strategy is best.
Table 6.10 - Quantification of adaptation strategies to be chosen (1=not important 5=very important).
Plans and literature are hardly present, so no score is given. The score in the right column is the average
of experts’ scores. Thirty-two experts (#32) participated, the range shows the lowest and highest score
given.

Adaptation Strategies

6.9

Literature

Experts

(range)

Pro-action

-

4

(1-5)

Prevention

-

3

(1-5)

Preparation

-

4

(1-5)

Response

-

4

(1-5)

Recovery

-

4

(1-5)

Adaptation measures
As already mentioned in the beginning of the previous paragraph, climate adaptation is quite
a new topic in the Tampa Bay Area and it is therefore impossible to say what kind of
measures have already been taken, although some suggestions have been done, like the
scheme in Figure 6.14. However, those are rare and not enough to base a score on.
Therefore, this paragraph discusses the answers experts gave to the question ‘what
measures should be taken’. The answers given were for a large part dependent on the
interviewee’s employer. Engineers gave high scores to technical solutions, people from the
Tampa Bay Estuary Program were in favor of environmental restoration and people working
at the Tampa Bay Regional Planning Council saw regulations as the best solution. As a result
the opinions about the best kind of measures vary a lot, which is shown by the wide range in
scores in Table 6.11. The averages show that environmental restoration and regulations are
most popular amongst experts, although the difference with technical solutions and retreat
just amounts one level.
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Table 6.11 - Quantification of adaptation measures to be taken (1=not important 5=very important).
Plans and literature are hardly present, so no score is given. The score in the right column is the average
of experts’ scores. Thirty-two experts (#32) participated, the range shows the lowest and highest score
given.

Adaptation Measures
Literature

Experts

(range)

Technical solutions

-

3

(1-5)

Environmental restoration

-

4

(1-5)

Regulations

-

4

(1-5)

Retreat

-

3

(1-5)

Figure 6.14 - Suggestions for adaptation measures [Lausche, 2009]

6.10

Who should be responsible?
Since literature on ‘who should be responsible’ is hardly present, a summary of the literature
that was found is given, but no scores based on literature will be given in this paragraph.
Since climate adaptation is a fairly new issue in Tampa Bay, responsibilities have not yet
been clearly defined, especially with respect to sea level rise. According to the Southwest
Florida Water Management District [SWFWMD, 2006] dealing with issues related to storm
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surge (evacuation, shelters, medical response and utilities/provisions/water supply) is not
their responsibility, but local governments’. Lausche [2009] also emphasizes local
government, saying that sea level rise adaptation hinges on local action because it is at the
local level where specific climate impacts, including sea level rise, will occur. Strong and
persistent local leadership will be required to tailor adaptive responses to the specific
challenges and circumstances of each region. Local governments and agencies will need to
strengthen their capacity to work across sectors, disciplines and levels of government in
planning to deal with future sea level rise [Lausche, 2009].
Table 6.12 shows the average of experts’ scores on who they thought should be responsible.
Many parties score high here, only private sector and NGO’s score medium. The range is very
broad however, which shows the variation in experts’ opinions.
Table 6.12 - Quantification of who should be responsible (1=not responsible; 5= highly responsible). The
scores are the averages of experts’ scores. Thirty-two (#32) experts participated.

Who should be responsible for adaptation
Experts

(range)

Residents who choose to live in vulnerable areas

4

(1-5)

Local government

4

(1-5)

Regional government

4

(1-5)

National/federal government

4

(1-5)

Private sector

3

(1-5)

Water board

4

(1-5)

NGO’s

3

(1-4)
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7. Comparative analysis
& discussion
7.1

Introduction
In this chapter the analyses of climate adaptation in the four cities from the previous
chapters are compared. All score-tables will be merged into one large overview-table. The
scores on each subject will be discussed and some preliminary conclusions are drawn, but
the main conclusions will be discussed in the next chapter. The key facilitating factors are
discussed and the approaches to spatial planning are reflected upon. The second part of this
chapter is the discussion of the methodology, the results and the role of spatial planning in
this research.

7.2

Comparative analysis
The four investigated cities are fairly different from one another. New Orleans and Tampa
are surrounded by the relatively warm water of the Gulf of Mexico, San Francisco is located
2
on the Pacific and Rotterdam is located on the North Sea. The number of inhabitants varies
from approximately 355.000 in New Orleans [New Orleans Visitors Bureau, 2011], 343.890 in
Tampa [Onboard Informatics, 2010], 776,773 in San Francisco [BCDC, 2009] and 587.161 in
Rotterdam [Hoppesteyn, 2010]. San Francisco is built on hills and only a small part is located
just above sea level, while landscape in New Orleans, Tampa Bay and Rotterdam is flat. Both
New Orleans and Rotterdam are located almost entirely below sea level, while Tampa Bay’s
elevation is slightly above sea level.
All score-tables from the four previous chapters are merged into a new table (Table 7.1),
providing a quantitative overview of climate adaptation in the four different cities. The
tables with scores on ‘who should be responsible’ are not shown in Table 7.1, since these
tables only contained scores given by (sometimes just a few) experts; literature on this topic
lacked for many cities. The base for the element ‘who should be responsible’ is therefore not
reliable enough to draw conclusions from and therefore this part of the table is omitted. The
paragraphs on ‘Costs and spatial quality’ did not result in a score-table and are therefore
neither included in Table 7.1.
Tampa Bay is slightly different from the three other cities, since climate adaptation has not
yet started and therefore literature on many topics lacked, as can be seen in Table 7.1.
Another difference is that for the topics strategies and measures experts in Tampa Bay have
been asked what strategies and measures should be taken, instead of what kind of measures
and strategies have been taken, as has been asked in the other cities.
In the previous chapters all separate score-tables have already been analyzed and
conclusions on the scores within the cities have been drawn. This chapter will compare the
different cities with one another. Before analyzing the different paragraphs, it has to be said
that the experts’ rating is an average of ratings from different experts, and when averaging

2

Based on year 2009 estimates
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different scores, extremes are neutralized. That is why experts’ scores seldom amount one
or five.
Table 7.1 - Overview of all aspects of climate adaptation mentioned in the previous chapters. For Tampa
Bay, literature lacks on many topics and therefore no scores have been given there. Experts’ scores on
strategies and measures for Tampa Bay differ from other experts scores and are therefore underlined.
For an explanation, see paragraph above.
ROTTERDAM

NEW ORLEANS

SAN FRANCISCO

TAMPA BAY

Literature Experts Literature Experts Literature Experts Literature Experts
PROBABILITY
Sea level rise

5

4

5

5

5

5

5

4

Extreme weather events

3

2

5

5

2

4

5

5

Extreme precipitation

4

3

5

4

4

3

5

4

CONSEQUENCES
Sea level rise

4

3

5

5

5

4

5

4

Extreme weather events

3

2

5

5

4

3

5

4

Extreme precipitation

4

3

4

4

2

3

4

4

5

3

5

5

1

3

-

3

Research on impacts and adaptation

3

4

3

4

5

3

-

4

Economic costs of inaction

3

3

4

5

5

3

-

4

Recognizing opportunities related to climate

5

4

1

3

2

3

-

3

International climate negotiations

1

3

1

2

1

2

-

2

Examples of adaptation actions in other cities

1

2

3

3

4

3

-

3

Residents

1

2

1

4

1

3

-

3

REASONS FOR ADAPTATION
Already occurred weather- related extreme
events

change

CURRENTLY RESPONSIBLE
Local government

5

4

4

4

5

4

-

3

Regional government

5

4

4

4

5

3

-

4

National government

5

4

5

4

4

3

-

4

Private sector

3

2

1

2

3

3

-

3

Water board

5

4

1

4

4

3

-

3

NGO’s

1

2

1

2

1

2

-

2

Pro-action

4

2

2

2

4

2

-

4

ADAPTATION STRATEGIES
Prevention

5

4

5

3

5

2

-

3

Preparation

4

3

3

3

3

2

-

4

Response

2

3

3

3

1

2

-

4

Recovery

2

2

4

3

1

2

-

4

Technical solutions

5

4

5

3

5

2

-

3

Environmental restoration

3

2

4

2

4

2

-

4

Regulations

3

3

4

2

4

1

-

4

Retreat

1

1

2

2

2

1

-

3

ADAPTATION MEASURES

7.2.1

Probability
In Rotterdam and San Francisco sea level rise is considered most likely to happen of all three
impacts of climate change, by both literature and experts. In New Orleans sea level rise has
the same probability of happening as extreme weather events, while in Tampa Bay experts
rated extreme weather events one level higher than the other two aspects. The high scores
on extreme weather events in both New Orleans and Tampa Bay make sense because of its
geographical location at the Gulf of Mexico, where a lot of hurricanes occur. These
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hurricanes often come with extreme precipitation and because of its sub-tropical geography
intense downpours are quite common anyway in New Orleans and Tampa Bay, which
explains the high probability on extreme precipitation.
Rotterdam scores relatively low on extreme weather events. The city is located in a
geographical region where weather is mild, storms are rare and hurricanes do not occur at
all. This also goes for San Francisco: they city has a big chance of getting hit by an earthquake,
but hurricanes and storms rarely occur.

7.2.2

Consequences of the impacts of climate change
New Orleans is the city where the impacts of climate change have the highest probability of
occurring and where consequences will be most severe as well, according to literature as
well as experts. These scores are quite similar to the scores in Tampa Bay. Consequences of
extreme precipitation are expected to be high in both cities, while consequences of sea level
rise and extreme weather events are expected to be very high in New Orleans, and are rated
one level lower by experts in Tampa Bay. The high scores in both cities can again be
explained geographically; hurricanes are likely to occur and bring severe damage.
The similarities in the experts’ scores and scores based on literature underline the need for
climate adaptation in New Orleans, while the difference in both scores in Tampa Bay
represent the light skepticism towards climate change (and thus to sea level rise) some
experts from Tampa Bay showed in interviews.
In San Francisco and Rotterdam, sea level rise is expected to have higher consequences than
extreme weather and extreme precipitation, which makes sense because climate in both
cities is temperate. However, scores on consequences of extreme weather events and
extreme precipitation in San Francisco are approximately the reverse of Rotterdam: in San
Francisco, extreme weather events score higher and in Rotterdam extreme precipitation will
have higher consequences, which can also be related to differences in climate in the two
cities.

7.2.3

Main reasons to start adaptation to climate change
The reasons to start adaptation differ amongst the four cities investigated. Already occurred
extreme weather events are the most important reason in New Orleans, which is obvious
because of Katrina, and has therefore been rated a five by experts and literature. Research
on impacts and adaptation and economic costs of inaction are the two most important
reasons for adaptation in Tampa Bay and in San Francisco, although for Tampa Bay this is
only based on experts’ scores and in San Francisco this is based on the scores from both
literature and experts. These reasons scores high in New Orleans as well. Recognizing
opportunities related to climate change is the most important reason in Rotterdam only,
since the city wants to be an example for (delta) cities all over the world in how it deals with
climate change. International climate negotiations is the reason that has least importance in
San Francisco, Tampa Bay and New Orleans, which might point out that international climate
negotiations do not play an important role in the United States, as already mentioned by
some experts (paragraph 6.5). This reason scores low in Rotterdam as well, which shows that
international climate negotiations considering climate adaptation do not only play a minor
role in the United States, but also in other countries. Examples of adaptation actions in other
cities scores low in all cities and has the lowest score in Rotterdam. This can be explained by
the fact that Rotterdam wants to be an example for other cities. The city may then not think
of other cities as an example for her.
It is remarkable that in almost every case experts and literature disagree on the exact scores.
Differences often amount to just one level, but in only three of the eighteen scores (given on
all reasons for adaptation in Rotterdam, New Orleans and San Francisco), experts and
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literature completely agree. It is hard to say who is right and who is not; reasons for
adaptation are often implicit and not clearly mentioned in literature. On the other hand, it
may be that experts have put their own opinion in the score they gave, or that they do not
see the reasons mentioned in plans. Anyhow, the differences show that obscurity exists on
reasons for adaptation, which may impede adaptation or delay the development of
adaptation plans.

7.2.4

Responsibilities
According to literature as well as experts, local, regional and national governments have high
responsibility in Rotterdam, New Orleans and San Francisco, although local government has
more responsibility in San Francisco and national government has more responsibility in
New Orleans. In Tampa Bay, national and regional governments score high, while local
governments just score medium. NGO’s have least responsibility in every city and are rated
exactly the same for each city. According to literature, residents are not responsible at all in
each of the cities, but experts do not agree on that, especially with respect to New Orleans,
where experts think residents have high responsibility.
It is remarkable to see that the water board is considered to have high responsibility in
Rotterdam, (much) more than in the other three cities. Especially in New Orleans, a large
difference exists in experts’ score and the score based on literature with respect to the
water board or water agencies. Literature does not see any responsibility for water boards
or water agencies here, but maybe experts think differently about what should be
considered a water board.
Just as with ‘reasons for adaptation’, there is quite some difference between literature and
experts on responsibilities as well. This may explain why adaptation has not taken place yet:
when confusion and obscurity exists on who is responsible and should thus facilitate climate
adaptation, nobody will feel responsible for adaptation and it is likely that nothing will
happen. In this way, unclear responsibilities can lead to inaction.
A possible explanation for the difference between literature and experts on responsibility
over-all might be that experts thought this question was on who they considered responsible,
although the survey clearly asked who is currently responsible.

7.2.5

Adaptation strategies
One remark has to be made before discussing the scores given on ‘adaptation strategies’:
the scores given by experts for Rotterdam, New Orleans and San Francisco are based on
what strategies have been followed, while scores given by experts for Tampa Bay are based
on what strategies should be followed.
When looking at experts’ and literature scores, prevention is the main strategy in Rotterdam,
New Orleans and San Francisco. This makes sense for the city of Rotterdam, since the
Netherlands has a long history of keeping the water out and prevent flooding from
happening. Response and recovery do score relatively low in Rotterdam, which emphasize
the focus on prevention; what is the need to invest in response and recovery when all the
water is kept out? The United States however normally is more reactive when it comes to
flooding; more focus is on evacuation plans and recovery programs than on building dikes
and barriers [Easterling et al., 2004]. This is also represented by the scores experts in Tampa
Bay gave on what strategy should be followed, where prevention scores lowest. According to
Brinke et al. [2008] these variations do, to a large degree, reflect cultural differences; the
acceptance in the US of natural disasters as a ‘fact of life’ and a reticence to accept a strong
role by the central government. The question is then why San Francisco and New Orleans
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score that high on prevention and why response and recovery score respectively low and
very low in San Francisco. A plausible explanation is the cooperation with the Netherlands
when it comes to climate adaptation. The Netherlands is famous for the way it deals with
water and is therefore an example for many other countries. When a Dutch company is
asked to help an American city deal with water, it is likely to assume that this city will follow
the ‘Dutch strategy’ of prevention. This is what might have happened in New Orleans and
San Francisco.
There may be an additional reason for the low scores on response and recovery in
Rotterdam and San Francisco. These strategies are namely common reactions to events that
happen all at once. When the situation does change all of a sudden but will return to
‘normal’ after a while, one can respond and recover. However, sea level rise is by far the
most important threat to Rotterdam and San Francisco. Sea level occurs very gradually and
does change the ‘normal’ situation, not to return (for decades) to the situation it was.
Response and recovery are therefore not suitable strategies to such a threat. In New Orleans
and Tampa Bay extreme weather events play an important role, so response and recovery
make more sense there.
All scores given by the experts are surprisingly low, especially in San Francisco. The most
likely reason for these low scores is that experts have been asked which strategy has been
taken, and when not much has been done yet then and climate adaptation is still in the
start-up phase, scores are indeed low. The scores based on literature however also focus on
what is about to be done and that is why these scores are (much) higher.

7.2.6

Adaptation measures
The remark that has been made in the beginning of the previous subparagraph is also of
importance here: the scores given by experts for Rotterdam, New Orleans and San Francisco
are based on what kind of measures have been taken, while scores given by experts for
Tampa Bay are based on what kind of measures should be taken.
Technical solutions are the most important kind of measures in Rotterdam, New Orleans and
San Francisco, while in Tampa Bay technical solutions are considered least important,
together with retreat, although the difference with the two other kinds of measures is just
one level. In the other three cities, retreat is the least popular kind of measures. Especially in
Rotterdam this kind of measure scores very low, what can be explained by the Dutch history
of fighting the water. Retreat from land that has been reclaimed from the water by your
(grand)parents is ‘not done’. And besides, in a country like the Netherlands space is scarce
and retreat is therefore avoided as much as possible, especially because of the economic
importance of the western part of the Netherlands, including Rotterdam.
Environmental restoration has a high score based on literature in San Francisco and New
Orleans. In San Francisco this is because of the green space that has been added or will be
added to the city (as mentioned in paragraph 5.7) and the opportunities that are looked for
to use wetland restoration as a kind of coastal protection. The restoration of wetlands also
plays an important role in New Orleans, since a lot of wetlands exist around the city and
degradation of these wetlands causes the soil to sink. In Rotterdam green roofs are
important measures and the creation of more green space in the city is what is aimed for,
but environmental restoration hardly plays a role with regard to sea level rise and storms.
Experts have rated environmental restoration low for the three cities mentioned here, which
might be because they might not count green urban space as environmental restoration. In
Tampa Bay, experts consider environmental restoration as the most important kind of
measures, together with regulations.
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While one might have expected the cities of Tampa Bay, New Orleans and San Francisco to
focus on retreat, regarding the attitude of the US as described in the previous subparagraph,
technical measures are surprisingly what is aimed for in New Orleans and San Francisco. This
can have several reasons. It can be accounted to the Dutch influence on climate adaptation
in those cities, but technical measures might also be chosen because they provide tangible
results on short term.
Again, the experts’ scores for San Francisco are very low, which is probably because of the
reason mentioned in the previous paragraph: experts have focused on what has happened
and apparently that is not much. This however underscores the need to turn ideas and plans
into real measures.

7.3

Key facilitating factors
This paragraph summarizes and compares the key facilitating factors for each city,
mentioned by literature or proposed by experts. Swart et al. [2009] distinguish different key
facilitating factors, as stressed in paragraph 0:
-

Political will
Active people with expertise taking lead
Sufficient human and other resources
Suitable timing
Sufficient knowledge available
Compatibility with other policies
Good cooperation between ministries

This list of key facilitating factors will be reflected upon for all four cities, to see which of
these indirectly play a role in the investigated cities, although they may not have been
mentioned directly.

7.3.1

Rotterdam
No literature has been found on key facilitating factors for good climate adaptation in
Rotterdam, nor have the (policy) documents and plans studied mentioned key facilitating
factors for climate adaptation in the city. However, the experts have also been asked what
they think is necessary for good adaptation. The most important things they came up with
are:
Take necessary measures for climate adaptation into account in developments in the
near future (e.g. by reserving space for future actions)
Good cooperation between national government, the city and the Water Board
Integration of measures - taking measures while (re)developing areas instead of having
to take more expensive measures later
When reflecting on the key facilitating factors Swart et al. [2009] distinguish, political will
and sufficient knowledge available are the most important key facilitating factor in
Rotterdam. The city wants to be an example for other cities with respect to climate
adaptation and that is where politicians focus on. To reach this goal, sufficient knowledge
and research results have to be available. Compatibility with other policies does also play a
role, since climate adaptation has been integrated in different (related) sectors.

7.3.2

New Orleans
Just as for Rotterdam, no literature has been found on key facilitating factors for good
climate adaptation in New Orleans, nor have the (policy) documents and plans studied
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mentioned key facilitating factors for climate adaptation in the city. The only thing the
experts came up with was “a better examination and transition of land use in vulnerable
areas and proactive compensation for vulnerable populations”.
Those of the key facilitating factors distinguished by Swart et al. [2009] that are most
important for New Orleans are political will, sufficient human and other resources available
and good cooperation between ministries. Hurricane Katrina has played a major role to
launch these factors, because afterwards politicians realized action was urgently needed,
providing sufficient resources and initiating good cooperation between FEMA and USACE
[Hermens et al., 2010].

7.3.3

San Francisco
Raalten et al. [2009] stress that to come to sufficient adaptation to climate change,
institutional and organizational settings are just as important as the measures that need to
be taken. Local governments and other management agencies, especially in cities and
counties, have broad authority over shoreline land use. However, they lack policy incentives,
resources and regional guidance for addressing climate change impacts in land use planning.
Solving these problems would help climate adaptation in San Francisco.
Furthermore, awareness has to be raised, which can for instance be done by using
interactive websites or organizing design competitions. Research on how to overcome social
barriers is important as well.
Another important factor may be cooperation with other countries. For instance, San
Francisco has made a comparison with the Netherlands, to better identify the strengths,
weaknesses and potential opportunities that may influence the implementation of climate
adaptation measures [Raalten et al., 2009].
In the survey on climate adaptation in San Francisco, experts have been asked what they
consider necessary for good adaptation. These most important answers are:
Political will and money
Adequate research on impacts and potential responses; vulnerability assessments, a
regional strategy for adaptation
Regional commitment to implementation
A political agreement, technical capability, funding, and a comprehensive plan
A working group to develop a plan of action to address the impacts of climate change
on San Francisco's infrastructure and to provide a central clearing board, supported by
an expert panel created from outside professionals. The working group needs to have
members from the departments most directly responsible for the response which at a
minimum includes the SFPUC, the department of public works, the airport commission,
the port commission, the planning department, and the department of building
inspection.
For existing infrastructure: monitoring and short-term modeling; for planned long-term
costly infrastructure, site selection and provision for future mitigation
This list contains many of the factors stressed by Swart et al. [2009]. Political will, sufficient
knowledge available and compatibility with other policies are evidently mentioned.

7.3.4

Tampa Bay
Lausche [2009] stresses facilitating factors for Florida, especially with regard to sea level rise,
drawn from experiences in a growing number of state and local jurisdictions:
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-

-

-

-

Early planning. Early planning for the impacts of sea level rise is critical. Many
communities and natural systems are already stressed. Decisions made today will have
consequences for decades. In addition, many needed adaptations may take decades of
gradual change.
Existing policy tools. Local governments have many policy tools already available to
support local action for sea level rise preparedness. While new policies will also be
needed, existing tools provide the means to begin planning now. Examples of these
policy tools are:
o Local comprehensive land use plans,
o Coastal management and beach preservation authority,
o Ecosystem conservation policies,
o Major public facility and infrastructure investments,
o Post-disaster redevelopment planning.
Integration across sectors, disciplines and jurisdictions. Adaptation in planning, to be
effective, cannot be done in isolation from other functions or level of government. It is
an ongoing process involving all sectors and disciplines, as well as intergovernmental
coordination across local and regional entities. Building sea level rise adaptation
strategies requires strengthened efforts to harmonize decision-making and to address
potential cumulative and regional impacts, particularly where actions may affect
adjacent jurisdictions or regional resilience.
Capacity building. As characterized by the Pew Center for Global Climate Change,
climate change adaptation is essentially a risk-management strategy [Pew Center, 2004
in: Lausche, 2009]. Risk management is not a new concept; it involves assessing
vulnerabilities and uncertainties, minimizing or avoiding negative effects and accepting
some risk. Using different timeframes and scenarios for projected sea level rise, risk
management can provide a systematic way to identify risks, weigh costs and benefits,
as well as political feasibility of different options and chart near-term and long-term
courses of action. Taking a precautionary, or cautious, approach to decision-making is
an essential part of this process when balancing what is known with uncertainties
about the future, especially where the effects of decisions may be irreversible.

One critically important management challenge for southwest Florida is to implement
actions to achieve an orderly relocation of human infrastructure and development from
shorelines that are at high risk of erosion and flooding, or to preclude development of
undeveloped shorelines at high-risk from sea level rise and climate variability effects [Beever
et al., 2009].
When asking experts what they consider necessary for good adaptation in the Tampa Bay
Region they mentioned:
Severe restrictions on development in defined floodplains.
Awareness raising through the media and education
Large scale public participation in planning efforts
A vulnerability assessment followed by a publicly developed bottom-up adaptation
plan developed by the Tampa Bay community. This should not be solely a top-down
expert/limited stakeholder process.
Clear and concise planning based upon scientific study and recommendations
Political will and pro-active, long term planning
Social/institutional/governmental/commercial acceptance
These key facilitating factors indirectly mentioned by literature and experts contain many of
the factors distinguished by Swart et al. [2009]. Political will, suitable timing, sufficient
knowledge available, compatibility with other policies and good cooperation between
ministries have all been mentioned.
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7.3.5

Conclusion
The topic ‘key facilitating factors’ is an aspect of climate adaptation that seems to be
underexposed in the cities investigated, considering the small amount of information found
on this topic. The key facilitating factors that have been stressed by either literature or
experts vary widely. The most important factor is political will, this has been mentioned in
every city. The classification Lausche [2009] makes is useful, since it covers most of the
facilitating factors:
-

Early Planning
Use of existing policy tools
Integration across sectors, disciplines and jurisdictions
Capacity building

It is remarkable that such a classification comes from Tampa Bay, a region that has barely
started adaptation, but on the other hand is it a necessity to define the key facilitating
factors to define how climate adaptation can take place. Although Rotterdam, New Orleans
and San Francisco have already started adaptation, it can still be instructive for them to take
these facilitating factors into consideration and make use of them, since climate adaptation
is an ongoing process.

7.4

Spatial Planning
Introduction
In the previous paragraph, land use planning has been mentioned several times as an
important key facilitating factor in climate adaptation. Spatial planners can directly and
indirectly influence land-use development. Examples of direct interventions are land and
property acquisition, such as buying flood-prone land to prevent new development. Indirect
interventions include land-use regulations such as zoning or incentives to stimulate direct or
indirect interventions by others (e.g. the planning requirements of a higher level of
government for local governments). In addition to these direct and indirect regulatory
interventions, spatial planners can influence land use through other policy tools based on
communicative mechanisms or financial mechanisms, like the dissemination of risk
information through risk maps or through taxation and fiscal policies to stimulate the
adaptation of buildings. For these reasons, spatial planning is regarded as an important
instrument in climate adaptation [Bergström, 2006; Burby, 1998; Christou et al., 1999;
Immink, 2007; Mileti, 1999 in: Neuvel, 2009].
In paragraph 2.2 several approaches to spatial planning have been explained. It is hard to say
which of these approaches suits best at each city investigated, based on the literature
studied. An entire thesis could be devoted to answer that question. What I will do is to
summarize the information on spatial planning found in the documents studied.
Collaborative Planning
Many citations from the documents studied do indirectly emphasize collaborative planning
as important element in climate adaptation. Raalten et al. [2009] stress that in the United
States public participation by individuals, lobbyists and special interest groups is integral to
almost all government decision-making. Which stakeholders are involved is an important
question to ask.
In a document on the Rotterdam Adaptation Strategy, Dircke et al. [2010, p.44] state: “One
crucial element is to involve more actors in the region and to transform the Rotterdam
Adaptation Strategy into a Regional Adaptation Strategy.”
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The need to develop a regional adaptation strategy with stakeholder participation can be
found in San Francisco as well. According to Peter Wijsman [2010b], the matrix with
examples of climate adaptation measures that has been developed by ARCADIS is now being
translated into several regional adaptation plans, prepared by stakeholder participation.
These regional plans will then be merged into an adaptation plan for the entire Bay Area.
Dircke et al. [2010] stress that communication with residents in the early stages of urban
planning processes is essential for the public acceptance, and a requirement for successful
implementation of innovative solutions such as the Water Plazas in Rotterdam. In Rotterdam,
a campaign about green roofs resulted in public participation. For residents living next to the
river, the City of Rotterdam is developing practical information about flood risks and
emergency situations [Dircke et al., 2010]. During specially organized evenings residents can
give their opinion about spatial plans, and provide information on work and changes is
considered very important [Gemeente Rotterdam et al., 2007].
The examples mentioned above show that the importance of collaborative planning is
emphasized by different documents, especially in San Francisco and Rotterdam. However,
the extent to which stakeholders have already really participated or are allowed to
participate is still not entirely clear.
Collaborative planning seems to play a minor role in New Orleans and Tampa Bay.
Area-oriented planning
The approach of area-oriented planning seems very suitable to the way climate adaptation
has been implemented in the cities. The base of area oriented planning is the fencing of an
area that fits to the problem at stake, which has happened in especially San Francisco (the
San Francisco Bay Area) and Tampa (the Tampa Bay Region). The phrase from the Rotterdam
Adaptation Strategy that has been stressed in the previous subparagraph - “One crucial
element is to involve more actors in the region and to transform the Rotterdam Adaptation
Strategy into a Regional Adaptation Strategy” [Dircke et al., 2010, p.44] - is also an indicator
for area-oriented planning.
Important characteristics of area oriented planning are explained in paragraph 2.2.5. The
core elements are:
-

Not only a governmental issue
To link execution to planning
Customized supply
Innovative approach

These characteristics all apply to the process of climate adaptation: the issue is of concern to
all kinds of parties, there is a strong link to execution and implementation of measures, the
context dependency plays an important role and focus is on urgent and complex issues.
Other
The other approaches to planning as mentioned in the theoretical framework (Rational
Planning, Pragmatism and Advocacy Planning) are not evident in the documents studied.
Advocacy planning does not seem to play a role at all, but Rational Planning and Pragmatism
can to a certain extent be distinguished indirectly.
Rational planning does play a role in climate adaptation in the cities because of the emphasis
upon professional opinion in an abstracted and technical process where goals flow from
analysis of problems. In the rational approach to planning, planners play a key role; the
planner is the helmsman steering the city. Although some documents studied show a call for
more participation, in many projects the planner still plays an important role and
participation does not take place in all decisions made.
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The pragmatic emphasis on direct action at specific problems - what works best in a given
situation or circumstance, is also important for the cities’ search for suitable solutions to the
problems that come with climate change. This short-term thinking has been emphasized by
several experts; politicians often do not plan for a longer horizon than their period of duty,
and therefore tend to think very pragmatic.
Conclusion
The need for (public) participation has been mentioned in several documents studied and
has also been stressed by a number of experts. Especially the cities of Rotterdam and San
Francisco seem to embrace the collaborative planning approach. The area-oriented planning
approach is also suitable to climate adaptation, especially because of the fencing of an area
that fits at the problem at stake, which fits well with the context dependency of climate
adaptation. This is the role spatial planning does play in the cities investigated, as far as this
can be told from the documents studied. The role spatial planning can play in the cities
investigated is discussed in the conclusion in chapter 8.

7.5

Discussion
This paragraph discusses the methodology, the results and the role of spatial planning in this
research.

7.5.1

Methodology
Case studies
One could wonder why the cities of Rotterdam, New Orleans and San Francisco have been
chosen to be compared with Tampa. As has been described in the introduction, these cities
are similar to Tampa, each at different aspects. But would it not be interesting to include one
city that is completely different, a city like Jakarta, for instance? This might have delivered
refreshing ideas from a completely different perspective.
In this research this has not been done. The basic assumption for this choice is that case
studies in general are context dependent, and so is the study of climate adaptation in the
different cities: the way in which one city handles climate adaptation cannot be compared
and translated to another city ‘one to one’. Strategies and measures depend on the
geographical and socio-economical context. The contexts of the different cities should be
comparable as much as possible to come to a comparison that is as reliable as possible.
When choosing a city that is completely different, the context of climate adaptation in such
a city would be different too. It would be then harder to compare that particular city to
Tampa and the results might then be less reliable.
Rotterdam and New Orleans have proven to be very suitable for the comparison with Tampa
Bay Climate adaptation plays an important role in Rotterdam and a lot of information was
available. New Orleans has also taken many measures with respect to climate adaptation
and is very similar to Tampa Bay because of the geographical location. San Francisco was
least suitable for comparison. I expected this city to provide an interesting perspective
because of it is located at a bay, just as Tampa, but this specific characteristic did hardly play
a role in solutions searched for in San Francisco. Furthermore, climate adaptation has just
started and just a few measures have been taken, which made this city less suitable for
comparison.
Ratings
The elements of climate change have been rated to quantify the results. This could have
been made even more quantitative. For instance: the probability of sea level rise to happen,
could have been expressed in certain amounts of sea level rise (e.g. 50 cm) and scores could
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have been divided in chances (1=0-20%; 2=20-40%; …5=80-100%). Consequences could have
been divided in economic damage in terms of billions of dollars (1: <1 $B; 5: >20$B). The
problem would then however be that very specific knowledge would be required to answer
those questions. This would demand for very specific expert knowledge and if experts would
not know the exact rates (which is likely) they might not have rated this element at all.
The ‘problem’ with the kind of rating maintained now is that a score of 5 given by one expert
might not match a ‘5’ given by another expert. However, the scores are not used to
represent an absolute value, but serve to a better comparison of the elements of climate
change within one city and between the four cities. The rating as applied in this research is
still very suitable for such a comparison.
The literature-ratings were based on my interpretation of literature studied and are
therefore ‘colored’ by my perception, although I have tried to be as objectively as possible.
If information on a specific element of climate adaptation was lacking in literature, that
specific element has often been rated low or very low. For instance: information on the
responsibility of the water board in New Orleans was absent and therefore I assumed that
the water board did not have any responsibility. This approach has been chosen to come to a
rating at all elements and avoid empty cells in the score-tables, but this approach is a bit
doubtful, since absence of information does not always equal a low score.
Interviews and survey
When gathering information by interviews and surveys, one is dependent upon whether
people respond or not. Many people do not prioritize research done by a student, for they
do not directly benefit from it. Some people have been contacted multiple times, but did still
not respond to the request to participate in an interview or in the survey. Nonetheless
approximately 40% (= #57) of the experts contacted did respond, which is a respectable
percentage.
By means of the interviews and surveys I tried to gain information about reality: the current
state of climate adaptation in the cities. However, the answers are always to a certain extent
colored by peoples’ perception of reality and do thus not provide a completely objective
view of reality, although one can question whether that is possible anyway.
The success and reliability of a survey depend on how well participants are able to
understand the questions asked. Although the questions have been formulated as clear as
possible, and checked by several people, some experts may have interpret the questions in
another way than they were meant. This is however unavoidable.
The questions on adaptation strategies and measures in the cities focused on the current
situation, on what has happened so far, although literature also focused on what is about to
happen. The reason why the survey focused on the current situation is the assumption that
people know better what has happened so far than what will happen and the reliability of
the answers is thus higher when asking about the current situation.

7.5.2

Results
Terms
Probability and consequences have been separated in this research, but are nonetheless
often interrelated. When rating the consequences of impacts of climate change, this has
often unconsciously been linked to the probability of these impacts to occur. For instance: if
one has to rate the consequences of extreme weather events in Rotterdam, one is tend to
think that hurricanes are not likely to happen and so consequences of extreme weather will
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not be that high. But then consequence and probability are linked again. It would ask for a
lot of imagination to completely separate these elements.
Climate projections
Climate projections for New Orleans, San Francisco and Tampa Bay have been derived from
different sources and institutes, since the local impacts have been studied. Those do
however differ from one another: rates in sea level rise are not equally for all three cities.
This might be because of geographical difference in impacts, but might also be caused by
difference in projections by the sources and institutes. The similarities and differences
amongst the different institutes are an interesting subject for further research.
Measures
What kind of adaptation strategies and measures will be chosen or have been chosen
strongly depends on what impact of climate change is fought. For instance, response and
recovery are not very applicable to sea level rise, since this will happen gradually and be a
long-term change. Strategies and measures should therefore be split per consequence of
climate change. Considering the amount of time available, and to provide a clear overview,
this has not been done in this research.

7.5.3

Spatial planning
This paragraph discusses the role of spatial planning in this research and briefly reflects on
spatial planning research accomplished at Wageningen University.
As mentioned in paragraph 2.2, an entire research can be devoted to investigate what
approach to planning is most important in each city. This research has tried to quickly signal
what kind of planning can be found in each city, but more extendedly focused on the
planning practices in climate adaptation. The arrangement of the spatial environment and
the way in which this is done is of major importance of climate adaptation. Spatial Planning
is thus seen as a means to improve climate adaptation, not as a (research) end. Research can
take place on planning theories, resulting in more or less abstract books on different
approaches to planning. This kind of research also takes place at Wageningen University.
And that is where this university is meant for: to investigate elements of life to enhance
quality of life and to come to innovation. But to do so, the theory (the research) should keep
in touch with the practice, to keep its goal in mind. In this context I want to quote Martin
Kropff, rector magnificus of Wageningen University: “Excellent scientific work must be the
natural basis for all our activities, including education. Excellent science that is inspired by
the societal context and driven by curiosity to have impact (…) The development of
knowledge and the use of this knowledge are not two separate denominators. They are
intertwined.” [Kropff, 2007]. I think this is an important lesson for spatial planners as well:
try to focus on ‘science for impact’. When (planning) research loses touch with the practical
reality and the development of knowledge and the use of this knowledge are no longer
intertwined, science becomes an end instead of a means and loses the impact society so
badly needs.
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8. Conclusion
8.1

Introduction
The research question as stated in the introduction of this thesis is:
In order to adapt to the consequences of climate change, which guidelines for Tampa Bay
can be distinguished by looking at delta cities that have already developed strategies and
measures to adapt to the consequences of climate change?
This chapter does first briefly draw main conclusions on the ‘prepared cities’: Rotterdam,
New Orleans and San Francisco, in addition to conclusions that have already been drawn in
the Comparative Analysis. Then the research question is answered by providing Tampa Bay
with guidelines that can be derived from this research.

8.2

Prepared cities

8.2.1

Rotterdam
The research on Rotterdam shows that this is a severely protected city; centuries of coastal
reinforcement have resulted in a city where a 1:10.000 safety norm is applied. The
probability of flooding from storm surges is therefore very low, but sea level rise and an
increase in extreme weather events cause the coastal protection system to be upgraded
occasionally, to maintain the high level of protection. Extreme precipitation is what causes
most trouble nowadays and the city is in search for improvements to deal with this problem.
Green roofs, innovative (water)parks and water storage in parking garages are measures
that must help the city to overcome this problem as well.

Prevention is the main strategy in the Rotterdam area, resulting in measures like dikes,
barrier dams and an extensive dune system.
Preparation, response and recovery are hardly given attention to, since Rotterdam trusts on
preventive measures to keep the water out. The question is to what extent one can rely on
prevention alone. It is recommended to have evacuation plans available if technical solutions
like the Maeslantkering fail.

8.2.2

New Orleans
New Orleans is the city that will be impacted most severely by climate change. Sea level rise,
extreme weather and extreme precipitation have a very high probability of happening in the
next 90 years and the consequences of these events are expected to be (very) high as well.
After Katrina hit, a lot has happened in terms of climate adaptation and the city’s protection
system has been restored and reinforced. The city should now be able to withstand a 1:100
year flood. However, the question is whether this will be enough. New Orleans is located in a
region where hurricane frequency and intensity are highest in the world [Blake et al., 2005]
and this demands for exceptional protection. In that context it may be easier to understand
why flood defenses of similar spatial scale might protect a Dutch shoreline from a 1 in
10.000 storm event, but only protect the city of New Orleans from a 1 in 100 year storm.
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One can question whether it is even possible to completely protect the city of New Orleans
from hurricanes. Preparation, response and recovery therefore remain important.

8.2.3

San Francisco
San Francisco is already notably experiencing sea level rise. In combination with storms, this
rise in sea level can already be devastating for the low lying parts of the Bay Area, and future
sea level rise will even increase this danger. However, not many tangible measures have
been taken yet. The city of San Francisco does realize it is in danger, and the engineering
company ARCADIS has provided them with a matrix with possible solutions, but this now has
to be processed into regional spatial plans. Sea level rise is the main climate-related threat
to San Francisco and since this does occur gradually there is time left to respond. However,
the city has to start thinking now about the way their spatial environment will be designed
and arranged, since large coastal zones may no longer be suitable for development within 50
years.
It seems like when Dutch companies like ARCADIS are asked to help a city like New Orleans
or San Francisco, they tend to do what the Netherlands is famous for: building dikes and
barriers. However, the Netherlands is currently shifting from decades of technical solutions
to more ecological ways of water management. Themes like ‘Living with the water’ and
‘Building with Nature’ characterize this change in paradigms. This change should also find its
way in the type of measures Dutch companies advice other countries to take.

8.3

Tampa Bay
Adaptation to climate change is quite a new and controversial topic in the Tampa Bay Region.
The interviews and survey held among experts clearly show the disagreement that is so
characteristic and is one of the reasons why adaptation has not yet started. While some
experts think a hurricane will be disastrous for the Tampa Bay Region, others do not
consider it a big problem. The need to undertake action is not clear to most people and
therefore the first thing to do is to raise awareness amongst politicians, experts and citizens.
Paragraph 8.3.1 discusses how this can be done. An element that comes with awareness is
the division of responsibilities, which is elaborated in paragraph 8.3.2. When these
organizational topics have been covered, one has to think of which strategies to follow and
which measures to take. The strategies and measures suitable for Tampa Bay are discussed
in paragraph 8.3.3.

8.3.1

Awareness
Several means are suitable to raise awareness. The means discussed in this paragraph have
either been proposed by experts or are based on literature read on climate adaptation in the
investigated cities.
Research
According to many experts interviewed in Tampa Bay, research to local impacts in the Tampa
Bay region is important to create awareness about climate change and its impacts. This has
to come up with realistic short term projections. In some reports studied, consequences of a
ten foot sea level rise have been discussed. This corresponds to the worst case scenario in
2200 and is therefore unlikely to happen at all, let alone its probability of happening on the
short term. Organizations should be careful using these scenario’s. They may be true for the
long term and can be useful to shock people, but they more likely will enlarge skepticism.
Focus should first be on creating social support for climate adaptation, not on scaring people
with scenario’s that are unlikely to happen and just make people look even more critical at
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climate change. People have to be educated and shown in a realistic and reliable way how
climate change will affect them, to create agreement on the need to act.
Putting things into dollars can help people realize that something needs to happen quickly,
according to several experts. This research has already included estimates of the economic
consequences of different categories of hurricanes making landfall in Tampa Bay. These
should be expanded, by distinguishing damage from flooding and damage from wind, to
simplify exploration of possible protection.
Cost-benefit analysis
San Francisco has translated sea level scenarios into impacts on residential areas and
(economic) sectors. Tampa Bay should also do this, and should extend this by translate sea
level rise into economic consequences for the Tampa Bay Region. What will the costs be of
for instance half a meter of sea level rise? This will provide information to show that
something needs to be done. This is desperately needed, since many experts indicated that
the need to undertake action is not clear. Those economic consequences should be made as
explicit as possible. What specific locations will be in trouble? What will the costs be per
person or company?
Once the economic consequences of climate change are clear, politicians and the private
sector can start thinking about how much money they want to spend to diminish these costs.
A cost-benefit analysis can be a very useful tool in this context, providing politicians and
inhabitants with insights and the arguments to undertake action or not. This can be
complicated because of the uncertainty that exists on the specific impacts of climate change
(what is the exact chance of getting hit by a hurricane, to what amount will sea level rise
exactly?), but one does then at least have quantitative research results to underpin the
eventual choice to adapt.
Media
The important role of media in addressing extreme weather events and raising awareness
has already been mentioned in the theoretical framework and is promoted to a further
extent by Dircke et al. [2010].

Communication plans, brochures and the use of (social) media like newspapers,
television, twitter and YouTube are useful tools to raise awareness.
René Dolfsma, project engineer in New Orleans and interviewed for this research, gave an
example of how to use these media: to publish an article in a local newspaper, showing the
consequences of a hurricane and/or sea level rise, including some pictures of what might
happen. In this way the ‘normal people’ are stimulated to start thinking about adaptation
and may wonder why nothing has happened yet to protect them.
The use of the new social media such as You Tube, Twitter, Linked In and Facebook for
climate change communication purposes is not widely spread yet. Use of these media will
even further increase awareness and create commitment for the city government to spend
money on climate adaptation. It also will inspire people to think about their own
contribution to make their city climate proof.
The Dutch Dialogues held in New Orleans proofed to be a unique tool for communication
and interaction between American and Dutch architects [Hermens et al., 2010]. In Tampa,
the Resilient Cities workshop has been organized, which is a helpful effort to raise awareness
too.
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8.3.2

Responsibilities
Another important problem in adaptation to climate change are the unclear responsibilities.
As can be told from the Comparative Analysis, responsibilities are either scattered amongst
all different kinds of government layers, or undefined. Experts from Tampa Bay told that
residents are officially not allowed to live in certain vulnerable areas, but no restrictions
have been applied and as a consequence vulnerable coastal areas are densely populated
with people who like to live near the beach and want to have a beautiful view over the water.
When their property then gets damaged due to flooding, they will turn to the FEMA and use
flood insurance to get compensated for their losses, or turn to local and regional
government for help. Insurance companies should investigate options to involve home
owners in the adaptation process. For example, insurance companies can provide higher
coverage or reductions in insurance premiums to homeowners who invest in measures that
limit potential damage due to natural disasters. In this way, peoples start to realize they are
responsible too and they should also start thinking about how to adapt.
Research should take place to the role of FEMA and the division of responsibilities amongst
FEMA and local governments. Right now, local governments may not care about protecting
against flooding since FEMA will reimburse damage from flooding [Lausche, 2009]. Would it
not be more interesting for FEMA to investigate how flooding can be prevented, instead of
spending money in recovery from flooding?
In New Orleans, the US Army Corps of Engineers have played an important role in restoring
and upgrading the flood defense system. It would be interesting to investigate which role
the USACE can play in protecting Tampa Bay.

8.3.3

Adaptation
Once awareness has been raised, agreement has come on the need to start adaptation and
responsibilities are clear, strategies have to be followed and measures taken.
Paragraph 6.8 shows that Tampa Bay mainly focuses on the strategies preparation, response
and recovery. So in terms of risk, the consequences of flooding are contested, but nothing is
done to reduce the probability of flooding to occur. The categorization of strategies used in
this research is called ‘safety chain’ for a reason. The strategies are complementary and can
be used next to each other and can together form a chain of safety. Tampa Bay should
therefore not focus on just some of the strategies but should use all of them, and the
corresponding measures, to protect the region against flooding. This paragraph stresses
what kind of measures can be used in the Tampa Bay Region and provides examples of
specific locations suitable for that particular kind of measure. These locations can be found
in Figure 8.1.
Technical measures
This research has shown that other cities have strongly aimed at technical solutions. The
Netherlands in general, and Rotterdam in particular, have relied on prevention for decades
and are famous for its dikes and storm surge barriers, New Orleans has constructed 350
miles (560 km) of walls around the city after Katrina hit and San Francisco has been provided
with a matrix with potential solutions that does for a large part exist of technical measures.
Although the Netherlands is experiencing a shift in paradigms and more emphasis is on
ecological and social solutions like ‘Living with Water’, technical measures remain important.
For low lying parts of delta cites, in particular those close to or below sea level, an adequate
flood-protection by dunes, dikes, levees or flood walls is indispensable.
Storm surge barriers can also play an important role in the protective system of delta cities.
Barriers provide sufficient protection, while maintaining accessibility, both for economic
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activities like navigation and for ecological processes. On the other hand, they are expensive
and complicated, and bear one significant risk that has to be kept as low as possible: the risk
of a closure failure [Dircke et al., 2010]. When designing a barrier, the required future
protection level, including sea level rise should be taken into account. Large constructions,
such as the Dutch Eastern Scheldt and Maeslant barriers, were designed to function for at
least 100 years, taking the observed sea level rise of 30 cm per century into account
[Deltares, 2008].

Figure 8.1 - Vulnerable spots in the Tampa Bay Region (based on: Google Earth and Hillsborough County
MPO [2009])

Protection by means of technical solutions can be very important for Tampa Bay too.
Locations like the Air force Base, Davis Island and the wastewater plant (see Figure 8.1)
could especially be suitable to apply technical solutions, since these are areas with important
functions according to experts and should therefore be well protected. Furthermore, the
Tampa Bay Region may investigate building a storm surge barrier in the mouth of the Tampa
Bay, to stop the main flood surge from entering the Bay in case of a hurricane. This kind of
barriers have been used at several places near Rotterdam [Stichting Deltawerken, 2004].
However, this surely needs further research because of the large ecological impacts it may
have.
Environmental restoration
Wetlands and beaches have a natural buffer function to protect land and people from flood
risk. However, due to land use change and coastal erosion, wetlands are disappearing at a
high rate. The United States for example, continues to lose approximately 40,500 hectares of
wetlands each year [Dircke et al., 2010]. New Orleans particularly experiences this loss and
its consequences in terms of soil subsidence. However, the natural buffer function of
wetlands and beaches is increasingly acknowledged and projects and protective regulations
are developed to restore wetlands.
Dunes are a natural system for flood defense and therefore preferable and also often
cheaper than expensive technical flood protection works. Their protection level can be
enhanced by vegetation, sand nourishment of the beach in front of these dunes, or by
widening of the dunes. Sand nourishment projects represent another measure to mitigate
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coastal erosion and to provide protection against storm surges. The required sand is mined
from offshore bars, usually located within several kilometers of the beach [Dircke et al.,
2010]. This does happen along the Dutch coast, where beaches are broadened to enlarge
resistance against storm surges. Furthermore, experiments like ‘the sand motor’ have been
developed: a large amount of sand is deposited at a certain distance from the shore and the
water currents spread it along the entire coast, resulting in a broader coastline. Sand
nourishment is relatively cheap compared to other measures but has only a temporary
effect and has to be repeated once in five years [Ministerie van Verkeer & Waterstaat, 2007].
Dunes and sand nourishment do thus play an important role to protect Rotterdam and the
entire western party of the Netherlands against flooding. These measures can also be
relevant in areas where the sandy shores of the Tampa Bay Region meet the Gulf. Examples
like ‘the sand engine’ from the Netherlands are worth investigating, to prevent beach
erosion. High dunes can be relevant to protect coastal development from flooding and can
serve nature restoration as well. Barrier islands in front of the mouth of the Tampa Bay are
also worth considering, to stop the big surge from entering the Tampa Bay. This surge will
then split up and find its way to surrounding coasts, but dunes can protect those shores.
Regulations
Regulations have to be used to make decisions now for future developments and can help
limiting damage from floods. This can be done by preventing development in hazard-prone
areas. Lausche [2009] promotes the use of three lines/zones:
-

A coastal construction control line (CCCL) calculated by a 100-year storm model where
construction seaward may be subject to additional regulations;
A coastal setback line (the 30-year erosion projection line) that prohibits major
habitable structures seaward of the line;
And a coastal building zone (an area extending 1,500 feet (500m) landward of the
mean high water mark) where new construction is required to meet established wind
and flood standards enforced through local government building codes.

Furthermore, damage may be limited by constructing elevated houses and building with
water resistant materials in flood plains or by strengthening roofs in order to prevent
hurricane damage.
Apart from implementing these concrete guidelines, Tampa Bay should mainstream
adaptation policies into current and planned investments, something Rotterdam pays a lot
of attention to. In this way, adaptation measures can be efficiently implemented. Choices
made today will influence the vulnerability to climate risks far into the future. Therefore, it is
important to study impacts and adaptation options under long-term trends in climate and
socio-economic change. For instance, an expert from Tampa Bay informed that many largescale infrastructure works take 10 to 20 years or more to design, plan and implement.
Tampa Bay should now start to mainstream adaptation policies in those projects. Postponing
adaptation planning and policy development to future generations will only exacerbate the
problems and expose inhabitants of vulnerable areas to unacceptable threats to life and
property. Rotterdam can serve as an example here, since the Rotterdam Climate Proof
Program has integrated the aspects of estimating and financing costs of climate adaptation
into overall spatial planning. It is also important to involve private business and investors in
the early stages of the climate adaptation process to ensure commitment and to
continuously seek for mutual interests [Gemeente Rotterdam et al., 2007].
Spatial planning and involvement of adaptation in current policies is of interest for the entire
Tampa Bay Region, but the specific measures concerning accommodation of water can play
an important role in downtown Tampa. Examples (from Rotterdam) are: elevation of
CONCLUSION

138

buildings, use of basements, squares and parking garages for water storage and preservation
of the first floor of a multi-storey building for water retention in case of storm surge.
Just as in the Netherlands, a prioritization can be made of which areas deserve more
protection than others, based on number of inhabitants, economic value and other interests.
Downtown Tampa has a lot of economic value and a lot of residents living there too. This
might thus be given the highest level of protection.
Climate change: an opportunity
Most important for Tampa Bay is a change in mind set. What can be learned from Rotterdam
is that climate change can be seen as an opportunity instead of a threat. The spatial
environment as it is right now should be taken as starting point: what are the qualities of
specific places and what are its weaknesses. How can its characteristics be used and
extended via climate adaptation and how to find a solution that fits right at this specific
place and does not disqualify its potential? In this way, each place will have its own
characteristics and be distinguished from other places by its very own character. Shores with
dunes where people can recreate and spend their weekends picnicking. Floating houses in
the small estuaries make these places attractions, alluring people from all over Florida and
the USA to visit or even come living in these innovative designs. Why investing in just a
regular bungalow park? Try a floating bungalow park, where people can experience the
concept of ‘Living with water’ all by themselves.
There is also money to be made, as creative and pro-active adaptation will stimulate new
business and environmental opportunities and innovations in economic activities. So there
are many challenges and opportunities for both business interests and researchers to feed
policy makers with new ideas and solutions.

8.4

Recommendations for further research
Throughout this entire thesis, but particularly in the discussion and conclusion,
recommendations for further research have been made directly and indirectly. This
paragraph summarizes these recommendations.
The guidelines for Tampa Bay as described in the conclusion are one product of this thesis,
but the framework that has been developed to study climate adaptation in delta cities can
be seen as another product delivered by this thesis. This framework is useful in further
research to climate adaptation. This framework can be approved by some small adjustments.
For instance, adaptations and strategies can be investigated for each impact of climate
change separately.
Key facilitating factors are an underexposed element of climate change in this thesis,
because of the lack of information on this topic. However, this surely is an important aspect
of climate adaptation and should therefore be investigated to a further extent.
Area oriented planning seems to be an applicable approach to characterize the kind of
planning used in climate adaptation in the four cities investigated. Further research can
investigate whether this is true and how area oriented planning can be used to improve
climate adaptation efforts in those cities. When doing so, one has to take into account the
difference in spatial planning in the Netherlands and spatial planning in the United States.
The Netherlands is densely populated, so many restrictions and regulations exist on how the
spatial development is arranged. The United States on the contrary have plenty of land
available and restrictions concerning spatial development are less abundant. The extent to
which this difference in spatial planning influences climate adaptation is also an interesting
subject for further research.
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The focus of this research has been on those consequences of climate change that are of
particular concern to delta cities: consequences that result in flooding (e.g. sea level rise).
However, climate change has many other consequences that are more general and will
impact many places worldwide. Those consequences should also be taken into account and
investigated in the cities that are subject in this research, next to the specific consequences
focused on in this research.
Climate projections for New Orleans, San Francisco and Tampa Bay have been derived from
different sources and institutes, since the local impacts have been studied. Those do
however differ from one another: rates in sea level rise are not equal for all three cities. This
might be because of geographical difference, but it might also be caused by difference in
climate change projections provided by the sources and institutes. This is an interesting
subject for further research.
Research should take place to the role of FEMA and the division of responsibilities amongst
FEMA and local governments. Right now, local governments may not care about protecting
against flooding, since FEMA will reimburse damage from flooding. Would it not be more
interesting for FEMA to investigate how flooding can be prevented, instead of spending
money in recovery from flooding? And what role can the US Army Core of Engineers play
here? These are interesting questions for Tampa Bay to enhance resilience.
A related topic is research to the costs and benefits of the strategies chosen. What are the
costs of recovery, and what are the costs of preventive measures? A cost-benefit analysis
can be a useful tool in this perspective.
This thesis has provided guidelines for climate adaptation in the Tampa Bay Region. These
guidelines are however just the beginning. Adaptation has to start now and sufficient
measures and commitment for each part of the region must be found, to use and expand
the areas’ potential for resilience.
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Appendices
Appendix 1 - List of interviewees

Rotterdam
Name
Allard Koopal
Peter van Veelen
Anonymous
Anonymous
Frans Veerman
J. Rietdijk
Anonymous
Anonymous

Employer
ARCADIS NL
City of Rotterdam, Urban Planning
City of Rotterdam, Climate Office
Hoogheemraadschap Schieland & Krimpenerwaard
Hoogheemraadschap Schieland & Krimpenerwaard
Hoogheemraadschap Delfland
TU-Delft
Port of Rotterdam

New Orleans
Name
Denise Reed
Anonymous
Anonymous
Scott Wilson

Employer
University of New Orleans
Tulane University
Tulane University
National Wetlands Research Center

San Francisco
Name
Peter Wijsman
Anonymous
Jonathan Loiacono
Michael Henderson
Matthew Heberger
Anonymous
Anonymous
Anonymous
Joe LaClair
Lindy Lowe
Steve Goldbeck
Anonymous
S. T. Su

Employer
ARCADIS US
ARCADIS US
City and County of San Francisco
DMB/Redwood City Saltworks
Pacific Institute
Pacific Institute
SF Bay Conservation and Development Commission
SF Bay Conservation and Development Commission
SF Bay Conservation and Development Commission
SF Bay Conservation and Development Commission
SF Bay Conservation and Development Commission
San Francisco International Airport Facilities Division
U.S. Army Corps of Engineers

Tampa Bay
Name
Nan Bennet
Anonymous
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City of Clearwater
City of Dunedin
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Thomas Burke
Irvin Kety
Anonymous
Anonymous
Brent Morris
Anonymous
Anonymous
Anonymous
Richard Carter
Micheal Carson
Anonymous
Shawn College
Joe Zambito
Eugene Henry
Scott Lehman
Anonymous
Frank Hartvelt
Anonymous
Scott Hickerson
Mike Holtkamp
Whitney Gray
James William Beever III
Jason Green
Lindsay Cross
Ed Sherwood
Brady Smith
Betti Johnson
Greg Miller
Suzanne Cooper
Tim Ware
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City of Dunedin
City of Largo
City of Tampa
City of Tampa
City of Tampa, Stormwater Division
City of Tampa, Stormwater Division
City of Tampa, Stormwater Division
City of Tampa, Stormwater Division
City of Tampa, Stormwater Division
Carlson Studio Architecture
Hillsborough County
Hillsborough County Planning Commission
Hillsborough County Planning Commission
Hillsborough County, hazard mitigation centre
Malcolm Pirnie
Owner of company in GIS engineering
Retired, former director in UNDP
Southwest Florida Water Management District
Southwest Florida Water Management District
Southwest Florida Water Management District
Southwest Florida Regional Planning Council
Southwest Florida Regional Planning Council
St Petersburg College
Tampa Bay Estuary Program
Tampa Bay Estuary Program
Tampa Bay Regional Planning Council
Tampa Bay Regional Planning Council
Tampa Bay Regional Planning Council
Tampa Bay Regional Planning Council
Wastewater Treatment Plant, Manager
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Appendix 2 - Interview and survey questions
At most questions, you will be asked to give a 1 to 5 rating. The explanation of the rating is:
1= very low
2= low
3= medium
4= high
5= very high
It is possible to use the same rating multiple times at one question.
The glossary of terms can be found on the last page
--------------------------------------------------------------------------------------------------------------------------Introduction
What is your current employer and what is your affiliation?

What does this function mean in practice?
--------------------------------------------------------------------------------------------------------------------------Vulnerabilities
What will the impacts of climate change be in your city?

What do you think are the main vulnerabilities to your city?

On a 1 to 5 scale (as mentioned above), what is the probability of the following events to
occur in your city within the next 90 years?
Sea level rise
Extreme weather events (storms, hurricanes)
Extreme precipitation

On a 1 to 5 scale, what would be the consequences of the following events in your city
within the next 90 years?
Sea level rise
Extreme weather events (storms, hurricanes)
Extreme precipitation

----------------------------------------------------------------------------------------------------Responses
What would be the main reasons to start adaptation to climate change in your city?
(1 to 5 rating)
Already occurred weather- related extreme events
Recommendation from scientific community on impacts and
adaptation
Economic costs of inaction
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Recognizing opportunities related to climate change
International climate negotiations
Examples of adaptation actions in other cities
Other, namely…

Who is currently

responsible for climate adaptation in your city (1 to 5 rating)?
Residents who choose to live in vulnerable areas
Local government (e.g. city, county)
Regional government (e.g.) state, FDEP, FDOT)
National government
Private sector
Water agencies (e.g. SWFWMD)
NGO’s
Other, namely…

What adaptation strategies are/should be taken to fight the following events in your city?
(1 to 5 rating)?
Note: Please rate every cell
Pro-action*

Prevention*

Preparation*

Response*

Recovery*

Sea level rise
Extreme weather events
(storms, hurricanes)
Extreme precipitation

* See glossary of terms for explanation
What kind of measures should be taken to fight these impacts in your city (1 to 5 rating)?
Note: Please rate every cell.
Technical

Environmental

solutions*

restoration*

Regulations*

Retreat*

Sea level rise
Extreme weather events
(storms, hurricanes)
Extreme precipitation

* See glossary of terms for explanation
----------------------------------------------------------------------------------------------------Implementation
Who/which parties should be responsible for adaptation in your city (1 to 5 rating)?
Residents who choose to live in vulnerable areas
Local government (e.g. city, county)
Regional government (e.g.) state, FDEP, FDOT)
National government
Private sector
Water agencies (e.g. SWFWMD)
NGO’s
Other, namely…

What is necessary for good adaptation to climate change in your city?
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Glossary of terms
Pro-action: Eliminating structural causes of accidents and disasters to prevent them from
happening in the first place (e.g. by building restrictions in flood-prone areas).
Prevention: Taking measures beforehand that aim to prevent accidents and disasters, and
limit the consequences in case such events do occur (e.g. by building dikes and storm surge
barriers).
Preparation: Taking measures to ensure sufficient preparation to deal with accidents and
disasters in case they happen (e.g. contingency planning).
Response: Actually dealing with accidents and disasters (e.g. response teams).
Recovery: All activities that lead to rapid recovery from the consequences of accidents and
disasters, and ensuring that all those affected can return to the ‘normal’ situation and
recover their equilibrium.
Technical solutions: Building hard technical structures, such as sea walls, dikes, flood gates,
bulkheads, water retention basins and storm surge barriers.
Environmental restoration: Also known as soft protection, such as beach nourishment, dune
and wetland restoration.
Regulations: Impacts are minimized by adjusting human use of the coastal zone, allowing all
natural system effects. This option includes raising the land and/or infrastructure, innovative
design to live with the advancing sea and multifunctional land use.
Retreat: Human impacts are minimized by pulling back from the coast and retreating to
higher surfaces, allowing all natural system effects to occur.
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