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The Bay of Kage. The red area is the max extend of potential flooding (The Dan-
ish Ministry of the Environment & the Ministry of Transport, 2011b, p. 77).

Roskilde Fjord in 2013 during the storm ‘Bodil’. The Viking Ship museum located
at the harbor was flooded (Berlingske Tidende, 2013).
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Abstract

This project applies two methodological prototypes, the Projection Analysis and Causal Chain
Analysis, to make a comparative analysis of the methodologies behind the European Union
Floods Directive and the Intergovernmental Panel on Climate Change, specifically in regards to
sea level rise and floods attributed to climate change. In order to accomplish this comparison, a
chapter has been dedicated to the physical basis of climate change, along with a chapter describ-
ing each of the two methodological approaches. Cases from the island of Zealand, Denmark are
included as method-illustrations, as examples of adaptation plans and extreme weather events, to
add a Danish context to the project. This project finds that the methodology behind the EU
Floods Directive is an example of a semi-empirical model, which bases its projection of the fu-
ture on past events. The method is simple and easy to implement, but it does not account for the
fluctuations in the climate, which is inevitable under global climate change. The methodology of
the IPCC is complementary to the process models, which are complex and includes a large range
of variables, with the goal of simulating the processes found in the world. This method is diffi-
cult to comprehend and carries the risk of miscalculation in the many variables, but will provide
a more detailed assessment. Lastly, this project has the objective of assessing the extent of which

the two methodologies can be deemed successful.
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1. Introduction

This chapter will introduce the problem area and interest of this report, which will be narrowed
down into a problem formulation and two working questions. The working questions will func-
tion as a structural aid throughout this paper. Secondly, the personal reasons and motivation for
conducting this research will be described. This chapter will then offer characteristics of the
study areas used as illustrations in order to contextualise the literary empirical material. This

chapter will be concluded with some thoughts regarding the limitations of this research.
1.1. Problem area

Global climatic change and sea-level rise are the most striking manifestations of the im-
pact of man on the ecological balance of our planet.

(Pier Vellinga in Tooley & Jelgersma, 1992, p. VII)

Climate change has arguably become one of the greatest environmental challenges of our time.
The drastic increase in anthropogenic CO, emissions since the industrial period has led to an
ever-growing focus on this topic by scientists, politicians and the media. We find that a change in
the climate system has a generally encompassing impact on the Earth. Natural systems and socie-
tal structures, including technological development will be challenged by a changing climate.
Climate change is a difficult measure, however, and future projections thereof are constantly

under scrutiny.

Climate change can, however, be tangible as well: In Denmark, the Hurricane ‘Bodil’ was re-
sponsible of flooding large areas in the Municipalities of Frederikssund and Roskilde due to the
massive storm surge associated with the storm. Sea level rise and flooding are inevitable conse-

quences of increasing temperatures attributed to climate change.

It is a general trend that urbanisation near the coast is considered attractive. The majority of the
so-called megacities® are situated near the coast (Martinez et al., 2007 in Masselink & Gehrels,

! Megacity: Cities with more than 8 million people (Martinez et al., 2007 in Masselink &
Gehrels, 2014, p. 5)
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2014, p. 5) and it is currently estimated that [...] 23% of the global population currently live
within 100km of the coast and less than 100m above sea level (Masselink & Gehrels, 2014, p. 5).
These increasing trends favouring coastal population (Small & Nicholls, 2003 in Masselink &
Gehrels, 2014, p. 5) combined with the evident changes in future climate stress the imperative in
addressing the issue of inevitable future flooding and the associated vulnerability of affected

areas.

The European Union’s Floods Directive from 2007 has tasked its Member States with the map-
ping of areas in risk of experiencing flooding due to sea level rises. The associated Member
States then each have to compose plans for implementation in order to adapt and thus lower vul-
nerability against the impacts of future climate changes. In Denmark, the state has assigned the
municipalities with the responsibility to devise these planning strategies. In total, 10 areas have
been identified as risk areas in terms of flooding, all based on historical events (Municipality of
Solrgd, 2014a). The Bay of Kgge is one of the areas that have been identified as high risk areas
and the associated municipalities have as such been assigned with the task to work out adaptation
plans. However, Roskilde Fjord and the Municipalities of Roskilde and Frederikssund were not
appointed high risk areas as there previously had been no significant historical events in these
locations. Utilising a methodology, which calculates the probability of risks involved with 10-,
100-, and 1000 year flood events, the municipalities ground their adaptation strategies on scenar-
i0s in a historical context, even though the climate is evidently changing and new areas end up as
high risk areas - as seen with Roskilde Fjord.

A different actor within the field of climate change is the Intergovernmental Panel on Climate
Change (IPCC). The IPCC has released several Assessment Reports on climate change, which
have been a leading voice in the climate change debate. As such, changes within the [PCC’s As-
sessment Reports impact initiatives, planning processes etc. made around the world regarding
climate adaptation and mitigation, as these are widely used by governments and municipalities as
a scientific support in order to assess future climate related challenges, and the need for the
strategies required to adapt. In their 3rd Assessment Report (TAR), the IPCC suggested the need
for a greater focus on adaptive capacity and vulnerability in order to better secure future capital

against climate changes.
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As such, two major players have developed two different methodologies for projecting future
climate. The primary problem, which this project investigates, is therefore whether the way the
climate is projected needs to be changes, as the climate is changing in ways never experienced
before. If the climate adaptation plans are based on data accumulated from before anthropogenic
climate change was a factor, the resulting plans will not be fully capable of its purpose: adapting
to the future climate.

1.2. Problem formulation

The section above then brings the following problem formulation:

How can the methodologies of, respectively, the EU Floods Directive and the IPCC be com-
pared, using two different prototypes of approaches regarding sea level rise attributed to

climate change, in a Danish context?

To answer this, we have included the following working questions:

WQ 1: How do the EU Floods Directive and the IPCC propose to approach climate change, spe-

cifically in relation to flooding and sea level rise?

WQ 2: What are the main differences between the two methodologies and how can they be ex-

emplified through the selected method-illustrations?

In this project, a method-illustration is a case example, where the methodologies in some way are
illustrated. An example of a method-illustration is the Risk Management Plan from the Munici-

pality of Solrgd (part of the Bay of Kage).

An additional objective to this project is to use the problem formulation in order to make an as-
sessment as to whether the two methodologies can be regarded as “successful”. The definition of
success will be defined and further explained in the second chapter “Methodology” and the as-

sessment will be made in the final conclusion.
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1.3. Motivation

Climate change is happening, and learning about climate change has been on the agenda during
all of our time in the educational system, in various fields. To understand the physical basis for
climate change is paramount, and with that, the knowledge of how the future climate is calcu-
lated. We found that we lacked sufficient knowledge in these fields, but also in the processes of
forming strategies of mitigation and adaptation to various problems related to climate change.

Thus, this project was conceived.

During a visit to Greve Solrad Forsyning?, Denmark, we discovered that preparations have been
made for future changes in climate and how climate change might impact their capacity and effi-
ciency in the municipalities. These preparations turned out to be a part of a national plan, origi-
nating in a directive from the European Union. This made us wonder how these plans created,

that is, what kind of methodology was behind the plans.
1.4. Study area

Denmark is a small country of 43,000 km?, and consists of one peninsula and 443 islands of
various sizes. Except for a 140 km border to Germany, Denmark consists only of coastline,
which collectively adds up to around 7,300 km of coastline (The World Factbook: Denmark).
Denmark has a low altitude, thus not elevated much above sea level, as is evident from the figure

below.

The combination of the quantity of coastline and the low altitude, as seen in Figure 1, puts Den-
mark at high risk of flooding from rising sea levels, compared to other EU nation-states. Ger-
many, for example, only has 2,389 km of coast from its 348,672 km? land area (The World
Factbook: Germany) and Austria has no coast at all.

% Greve Solrad Forsyning: Local utility and supply company.
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Figure 1: Altitudes in Europe (European Soil Bureau, 2000)

The Bay of Kage is located on the eastern part of the island of Zealand in Denmark. The catch-
ment is 990 km2 and has a population of roughly 620,000. The coastal area from Copenhagen to
Kgge is highly populated, and the municipalities affected include Drager, Tarnby, Copenhagen,
Hvidovre, Brgndby, Vallensbak, Ishgj, Greve, Solrad and Kgge (The Danish Ministry of the
Environment & the Ministry of Transport, 2011a, pp. 66-67). As figure 2 below shows, the Bay
of Kagge has been identified as a risk area in relation to the EU Floods Directive, making it an

interesting case study due to its high population and its history of floods due to its low altitude.
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Figure 2: The Bay of Kgge flood risk area (The Danish Ministry of the Environment & the Ministry of Transport,
2011b, p. 77)

Roskilde Fjord is the only fjord landscape in the Capital Region, and holds great recreational
value both locally and to the rest of the region. It is a typical Zealandic fjord landscape, with a
combination of narrow watercourses, small islands, and several islets. The water in Roskilde
Fjord is very shallow, and tidal floats occur a few places, and along the coast there are salt
meadows and wetlands (in Danish: “rersumpe”). Furthermore, the fjord has several preservation

areas for birds on the islands and islets (The Danish Nature Agency, 2010).

In December 2013, a storm surge, with water levels 2.06 metres above daily levels, flooded the
harbour of Roskilde and residential areas near the fjord. In the harbour, the Viking Ship Museum
and 20 residences were flooded, and in the residential area of Jyllinge Nordmark, around 200
residences were flooded (Municipality of Roskilde, 2014, p. 4). In addition to the harbour of
Roskilde and Jyllinge Nordmark, the Municipality of Frederikssund was also flooded during the
2013 storm surge especially in the low altitude areas near the coast of Roskilde Fjord and Ise-
fjord (Municipality of Frederikssund, 2014, p. 2). Roskilde Fjord and the Municipality of
Frederikssund were not identified as risk areas in terms of flooding.
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Figure 3: Roskilde Fjord (Google Maps, 2015)

1.5. Limitations

Due to both a limited time frame and in order to make the project manageable, we have chosen
to limit the scope of this report and by doing so, excluding certain aspects within the field of re-
search. The two methodologies of climate projection we are investigating cover large geographi-
cal areas (e.g. the entire European Union). Thus, we have limited ourselves to Denmark, more

specifically certain areas of the coast of Zealand (the Bay of Kgge and the Fjord of Roskilde).

Additionally, we limit ourselves by only focusing on the actual methodological approaches and
their respective prototypes of both the EU Floods Directive and the IPCC. As seen in the figure 4
below, in its entirety the process of climate adaptation starts with the methodology, from which a
strategy is formulated. The final step is the plan of action, where the concrete initiatives are put
to use. The main focus of this report will as such not be on actual strategies, plan of action and
implementation of climate change adaptation, although the cases of the Bay of Kege and
Roskilde Fjord will be included as illustrations of the methodology.
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Figure 4: Methodological limitation. This figure illustrates this project’s focus on methodologies. (Own making)

In relation to the philosophy of science of this report, we will not delve into the discussion about

whether modelling and projection is possible and valid as true knowledge.

Additionally, this project will not go to depths with the management of extreme in-land precipi-
tation events nor the behaviour of groundwater, but rather focus on flooding originating from the

sea both from extreme weather-events and from the general rising sea levels.

If not limited by time, we would have liked to perform our own vulnerability and risk analysis on

a given geographical location, to compare the results of the two methods.
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2. Methodology

When starting the initial research for this project, one of the first issues we stumbled upon was
how the government had identified the 10 locations in Denmark as being risk areas for flooding.
What we were surprised to find was the fact that Roskilde Fjord was not identified, when taking
into account that the entire area of both Roskilde and Frederikssund were heavily flooded by the

storm ‘Bodil’ in early December 2013.

Therefore, there was a justified reason to suspect a problem with the way the risk areas in Den-
mark were identified. This led to the source for the sea level rise risk assessment methodology:

the EU Floods Directive, and its comparable counterpart utilised by the IPCC.

This leads us to two issues: Firstly, how do you conduct a comparative analysis? Secondly, how
can one compare these two methodologies?

2.1. Analytical strategy

In this project, we aim to make a comparative analysis of the methodologies as presented in the
EU Floods Directive and in the TAR by the IPCC, and we will therefore have a comparative re-
search design for our analysis. But what does a comparative research design entail and why is it

useful?

A comparative design [...] entails studying two contrasting cases using more or less identical
methods (Bryman, 2012, p. 72). By carrying out a comparison of two or more cases, contrast and
similarities are uncovered and the general phenomenon of which the study is about is more easily
understood (Bryman, 2012, p. 58; 72). Additionally, a comparison can be used to [...] illuminate
existing theory or generate theoretical insights (Bryman, 2012, p. 710). As such, an important
feature of a comparative analysis is [...] its ability to allow the distinguishing characteristics of
two or more cases to acts as a springboard for theoretical reflections about contrasting findings
(Bryman, 2012, p. 75).
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However, a problem with a comparative analysis can be that [...] the differences that are ob-
served between the contrasting cases may not be due to exclusively to the distinguishing features
of the cases (Bryman, 2012, p. 74). Therefore, one must keep in mind that the contrasts found in

a comparative analysis might originate from elsewhere.

So how does one go about writing a comparative analysis? The Harvard College Writing Center

presents five steps for doing so:

1) Frame of Reference

The frame of reference is [...] the context within which you place the two things you plan to
compare and contrast (Harvard University, 1998). As such, the frame may consist of a problem
(e.g. rising sea levels) from which one can extract two proposals for a solution (the EU Floods
Directive and the IPCC). Additionally, the frame of reference must be based on solid sources or

facts, rather than thoughts or observations to make a stronger case.

2) Grounds for Comparison

It is important to state the reason behind choosing the specific cases. Put differently, one needs to

explain [...] the rationale behind your choice (Harvard University, 1998).

3) Thesis

If effective, the thesis is a statement that represents an argument (Harvard University, 1998) and
is dependent on how the two chosen cases compare to each other, e.g. the extent of which they
contradict, support, or validate each other. Therefore, it is important to clarify the relationship
between the two cases of the comparative analysis, no matter if the project focuses predomi-
nantly on differences or on similarities (Harvard University, 1998). As such, the problem formu-
lation, or more precisely the working question 2, functions as the thesis, and can be considered as

the premise of the comparative analysis.

4) Organisational Scheme: How to structure your analysis.
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When writing the comparative analysis, there are two methods to organise and write the analysis:
text-by-text, where one first discusses all of case A, then all of case B. Alternatively, one can
write the analysis point-by-point, where one substitutes the points from case A with comparable

arguments about case B. So which one to choose?

[...] If you think that B extends A, you'll probably use a text-by-text scheme; if you see A
and B engage in debate, a point-by-point scheme will draw attention to the conflict
(Harvard University, 1998).

As such, in the case of the methodology utilised by the EU Floods Directive and the IPCC, this
project will utilise the point-by-point method of writing, as it better facilitates the discussion of
how equipped the methodologies really are for projecting the future climate.

5) Linking of A and B

Of course, it is important to constantly refer back to the initial premise through the argumenta-
tion of the comparative analysis. If missing, both reader and writer [...] will be unable to see how

new sections logically and systematically advance [the] argument (Harvard University, 1998).

However, how were we to compare these two methodologies? This is where our methodological

prototypes come in.
2.2. Methodological prototypes

The methodologies utilised by both the EU Floods Directive and the IPCC to make their analy-
sis’, are not easily defined because the organisations do not have chapters in their reports where
they present any conceptual model as their methodology, nor how they might be wrong (though
the IPCC illustrates the level of confidence). We have therefore designed two methodological
prototypes, or archetypes, in an attempt to simplify how the two actors go about projecting and
propose preparing for current and future climate changes. These prototypes and their respective

links to the actual methodologies of both actors will be elaborated upon in the analysis.
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The two prototypes are the Projection Analysis and the Causal Chain Analysis. The degree of
which the two prototypes fit the methodologies of the EU Floods Directive and the IPCC will not
be discussed here. Instead, the basic idea behind the two prototypes will be presented.

2.2.1. Projection Analysis

The idea behind the Projection Analysis is simple, which is in part its weakness, but also a rea-
son behind its attractiveness in praxis. The present baseline, which is the base of reference for
comparison, is determined by previous events, dating from decades to millennia, and is used to

make a projection for the future baseline.

Projection Analysis

PREVIOUS
EVENTS PRESENT LEVEL

PAST PRESENT FUTURE

Figure 5: Methodological trajectory of the Projection Analysis. (Own making)

2.2.2. Causal Chain Analysis

The Causal Chain Analysis is more complex. This, as with the Projection Analysis, is both a
weakness and strength. This subchapter will introduce the methodological prototype of the
Causal Chain Analysis (CCA) as presented in the Global International Waters Assessment
(GIWA). GIWA’s methodological approach was created specifically in order to be able to com-
pare with the methodological approach of the IPCC and is thus relevant to this research report.
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2.2.2.1. What is GIWA?

The Global International Waters Assessment (GIWA) was created in 2002 due to a lack of an
international waters assessment, to compare to that of the IPCC, the Global Biodiversity As-
sessment (created by UNEP in 1995), and the Stratospheric Ozone Assessment (created by
UNEP and the World Meteorological Organisation (9th edition from 2014)). The lack of such an
assessment meant severe impediment to the implementation of the International Waters Compo-
nent of the Global Environment Facility®> (GEF), since there was no basis on which to identify
areas of global priority for GEF intervention (GIWA, 2002, p. 3). As a result, [...] GIWA was
created with the overall objective of developing a comprehensive, strategic framework for the
identification of priorities for remedial and mitigatory actions in international waters, designed
to achieve significant environmental benefits, at national, regional and global levels (GIWA,
2002, p. 3).

2.2.2.2. The Assessment Framework and the Causal Chain Analysis

GIWA consists of a composition of different sub-regional assessments of the ecological status of
international waters, the causes of their degradation, and the policy options available to improve
their status, made by groups of specialists on a sub-regional level, all following a common meth-
odology. Upon combining the areas investigated by the groups, a global picture emerges, which
is GIWA (GIWA, 2002, p. 3).

The Assessment Framework contains five components: Scaling, Scoping, Detailed Assessment,
Causal Chain Analysis, and Policy Option Analysis (GIWA, 2002, p. 3).

This project will be examining the Causal Chain Analysis (CCA) component of the Assessment

Framework.

% The Global Environment Facility (GEF) was established in October 1991 by the World Bank to aid in the protec-
tion of the global environment and to promote environmental sustainable development. The World Bank along with
the United Nations Development Programme (UNDP) and the United Nations Environment Programme (UNEP)
were the first initial partners to implement GEF projects. In 1994 the GEF was made an independent organisation,
separate from the World Bank. Today, 183 countries work together with international institutions in the partnership
that is the GEF (http://www.thegef.org/gef/whatisgef).
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Causal Chain Analysis traces the cause-effect pathways, associated with each significant

concern, from the socio-economic and environmental impacts back to its root causes. Its

purpose is to identify the most important root causes of each concern, in order to target
them by appropriate policy measures for remediation or mitigation
(GIWA, 2002, p. 16).

Thus, the overall objective of the GIWA CCA is to create a conceptual, strategic framework for
identifying priorities for actions of alleviation and mitigation in international waters, through
identifying and understanding the root causes of transboundary water problems, based on ac-
cepted theoretical models (GIWA, 2002, p. 16).

The GIWA CCA identifies the factors that shape actions which either directly or indirectly im-
pact GIWA’s issues and concerns, and they are identified using the Scaling and Scoping Meth-
odology (listed in the Annex Ill on page 32 of the GIWA Methodology Report). These factors
are then used to identify [...] the root causes of human actions that impact the way in which wa-
ter and water related resources are used (GIWA, 2002, p. 16). The complexity of these causal
factors makes it difficult for a nomothetic forecasting model to be built. However, measurable
and quantifiable evidence should be given in support of the conceptual model (GIWA, 2002, pp.
16-17) and, also, in order to justify [...] decisions to establish causal links (GIWA, 2002, p. 17).

GIWA Causal Chain Analysis

Scaling and Scoping Analysis

o | diat Enwi nital Socio-E i
Root causes « Sector activities ‘ (HEEISES # GIWA Issues « (ATEIITETES « {EFECEIIBITIE
CaUses Impacts Impacts

Figure 6: Inspired by GIWA’s Causal Chain Analysis (Own making inspired by GIWA, 2002, pp. 17-18)
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Figure 6 shows how the CCA attempts to identify the root causes to undesirable impacts and

issues by linking them through immediate causes and sector activities. As such, the cause-effect

pathways can spread out and the process of identifying causality becomes a matter of many dif-

ferent factors.

Thus, it is clear that the Causal Chain Analysis methodology, under which flood risks can be

categorised, is a complicated measure. It is subject to several influences, which in turn are af-

fected by other factors, therefore resulting in complex cause-effect pathways. As mentioned in

the beginning of this subchapter, the specific methodology of the IPCC will not be explained

here, but later in the project (see chapter 4.2), however, it can be revealed that similar complex

processes are included.

Combination of IPCC and GIWA

PLANS TO @ %
REDUCE UNDESIREABLE
EFFECTS
EVENTS
EFFECTS
CAUSES | <343
ASSESSMENT '\, /
PAST PRESENT FUTURE

Figure 7: Methodological trajectory of the IPCC and GIWA Causal Chain Analysis. (Own making)

As figure 7 demonstrates, the GIWA CCA function as our prototype for the IPCC methodology,

which will be elaborated upon in chapter 4.
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2.3. Basis of evaluation

The two prototypes will be evaluated on the basis of the criteria for assessing successful adapta-
tion. Thus, the criteria are used to evaluate whether the methodological prototypes are successful
and relevant tools for forming adaptation strategies. However, specific adaptation strategies and
our method-illustrations will not be evaluated, since the project focuses on the methodological
aspect of climate change, as mentioned in chapter 1.5..

Loé et al. (2001, p. 232) identify three different measures of adaptation. Firstly, accepting losses
is typically shared across the scale of individuals and groups. Secondly, preventing effects refers
to engineering of pre-emptive measures to avoid the consequences of climate change. Thirdly,
changing uses and/or locations involves the acknowledgment that previous uses of a given loca-
tion cannot be pursued beyond the impacts of climate change.

Adger et al. (2004) argue that successful adaptation is defined by five components: the criteria
for success, effectiveness, efficiency, equity and legitimacy, and, finally, in evaluating success.
Ultimately, successful adaptation and its resulting measures must be considered in their spatial
and temporal scale. Spatially, adaptation in one area may have impacts on other spaces. Tempo-
rally, an efficient adaptation implemented today may not be efficient in 20, 50 or 100 years. As
such, the more robust and flexible an adaptation is, the more effective it is in turn. In terms of
efficiency, the economic costs and benefits must be evaluated and the related timing of imple-
mentation. Equity and legitimacy largely relates to the ethics and values of an adaptation and
those who are affected in the process (Adger et al., 2004, pp. 80-84). Values, however, can be
diverse and, much like effectiveness depends on the scale in question. In evaluating the success
of adaptation, it essentially comes down to the adaptive capacity of the related components and
the robustness of the intended implementations. The robustness of adaptation can be identified in
some key criteria: no regrets; reversibility; minimising environmental impacts; cost effective-
ness; equity; reducing vulnerability; ease of implementation; and effectiveness (Loé et al., 2001,
p. 241).

Successful adaptation can thus be achieved through increasing the adaptive capacity and, in turn,

reducing vulnerability against adverse consequences. The more robust and flexible the strategy
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is, the better the adaptation will be in a given location. Here, robust and flexible is accomplished
using the aforementioned criteria offered by Loé et al. (2001), where spatial and temporal differ-

ences are taken into account.
2.4. Use of empirical material

This research paper will make use solely of secondary literary material in form of: academic
texts, such as scientific articles, research papers and textbooks, legislative publications and pub-
lic climate adaptation plans. This paper will not incorporate primary empirical material such as
fieldwork, interviews and surveys. The aim of the project is, as such, to analyse and discuss the

problem using literary empirical material and existing processes.
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3. Basis of Climate Change

This chapter will provide the necessary knowledge about the current and projected future
changes occurring to the climate. Firstly, this chapter will address the general natural science
behind climate change. Secondly, the chapter will distinguish between flooding and sea level rise
in relation to global climate change. Finally, this section will shed light on projections and mod-
els. Here, process models and semi-empirical models will be introduced as conceptual models

relevant to the methodologies studied throughout this report.
3.1. The physical basis of climate change

This section will explain the science behind climate change and its effect on weather. In addition,
the positive feedback loop will be utilised to emphasise the severity of the effect of climate

change.

The composition of Earth’s atmosphere is highly influenced by the biosphere, of which plants,
animals and humans are a part, which in turn is highly dependent on the atmosphere. The atmos-
phere of current day is composed of 78.1 percent nitrogen (Ns), 20.9 percent oxygen (O,), and
0.035 percent carbon dioxide (CO;) (Holden, 2012, p. 77). However, scientific evidence indi-
cates that the climate of the Earth is changing faster than expected, due to human activity emit-
ting anthropogenic greenhouse gasses into the atmosphere, such as CO,, and the CO,-
equivalents, methane (CHy,), nitrous oxide (N,O) (Holden, 2012, p. 77 + 702), and ozone (Os)
(Withgott & Brennan, 2009, p. 285).

The greenhouse gasses and water vapour traps heat from the Sun near Earth’s surface, causing
the temperature at the surface to rise (Holden, 2012, p. 702). In effect, the elevated temperature
then causes an increase in water evaporation from soil, oceans, lakes, and streams, which then
causes even more heat to be trapped, due to the fact that water vapour is a greenhouse gas like
CO, (DML, 2014, p. 13). This is known as a positive feedback loop, which is an effect in which
a systems reception of input creates an output that serves as a further input, thus driving the sys-
tem further and further towards the extreme. Unless initiatives of mitigation are adopted, the sys-

tem and consequences can spiral out of control (Withgott & Brennan, 2009, p. 49-50). When the
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system of the hydrological cycle are subjected to positive feedback, precipitation patterns are
altered, making rainfall less frequent but more intense (DMI, 2014, p. 13).

Rising global temperatures also has an effect on sea levels and is an ultimate driver of coastal
change (Masselink & Gehrels, 2014, p. 15). Today, water, equivalent to 75 metres of sea level
rise, is stored in glaciers and ice sheets. When the surface temperature of the Earth rises, glaciers
and ice sheets, which store large amounts of water on land, begin to melt, adding additional wa-
ter to the ocean, causing the sea level to rise. As the glaciers and ice sheets melt, the Earth loses
some of its Albedo effect, which is [...] @ measure of the reflecting power of a surface [...]
(Holden, 2012, p. 87), since ice has a high albedo compared to ice-free land and open water. If
the albedo of Earth’s surface decreases, additional solar radiation will be absorbed by the surface
rather than being reflected back, and the surface temperature of the Earth will increase. This, in
turn, will cause even more glaciers and ice sheets to melt, and the albedo effect to decrease even
further, creating a positive feedback loop (Holden, 2012, p. 87-88 + 467).

In addition to melting the glaciers and ice sheets, rising temperatures also warms up the sea-
water, causing it to expand. This is known as thermal expansion. The expansion of the seawater
raises the global sea levels, producing a so-called thermosteric sea level rise (IPCC AR4 10.6.1,
2007). While sea level change and flooding is the main interest of this research paper, there are
other factors that affect coastlines due to climate change. Increasing global temperatures of the
oceans leads to [...] ocean acidification, changes storm patterns, and increases precipitation with

major effects on coastal systems (Masselink & Gehrels, 2014, p. 15).
3.2. Difference between flooding and sea level rise

It is important to distinguish between a flood event and the rise of the global sea level. In this

project, we deal with both terms, as both are results from the changing climate.
3.2.1. What is a flood?

A flood is when [...] water overflows its natural or artificial banks onto normally dry land (En-

cyclopadia Britannica, 2014). This can happen e.g. when a river overflows or when the wind
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presses the seawater onto shore in a storm surge. The EU Floods Directive also adds to this defi-

nition, that the covering of land by water, where it usually is dry, is only a temporary event (Di-

rectives, 2007 p. 3), thus the water will fall back eventually.

3.2.1.1. Types of floods

Table 1, made by the European Exchange Circle on Flood Mapping (EXCIMAP), shows several

types of flooding, with the original cause of the flood (e.g. storm surge), the associated effects

(e.g. water where there should be no water), and relevant parameters (e.g. how much water and

how fast it moves).

Table 1: Types of Flooding (EXCIMAP, 2007, p. 10).

Mediterranean
ephemeral water
courses

outside the channel on
alluvial fan
Erosion along channel

Type of flooding Causes of flooding Effect of flooding Relevant parameters
River flooding in « Intensive rainfall » Stagnant or flowing » Extent (according to
flood plains and/or snowmelt water outside the probability)
» Ice jam, clogging channel « Water depth
» Collapse of dikes or «  Water velocity
other protective * Propagation of flood
structures
Sea water flooding » Storm surge = Stagnant or flowing e Same as above
»  Tsunami water behind the shore
High tide line
» Salinisation of
agricultural land
Mountain torrent * Cloud burst * Water and sediments e Same as above;
activity or rapid » Lake outburst outside the channel on « Sediment deposition
run-off from hills » Slope instability alluvial fan; erosion along
in watershed channel
» Debris flow
Flash floods in » Cloud burst » Water and sediments e Same as above

Groundwater flooding

High water level in

Stagnant water in flood

Extent (according to

set up

adjacent water bodies plain (long period of flooding) probability)
« water depth
Lake flooding * Water level rise trough « Stagnant water behind the e Same as above
inflow or wind induced shore line
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As mentioned in a previous chapter, this project will not deal with precipitation in general, nor
rivers, lakes or groundwater. There are no mountains in Zealand to speak of (or in Denmark in
general), and the floods in the Mediterranean are also of little interest in this specific project.
What is interesting, however, is the seawater flooding. As visible in the map below, Denmark is

situated out of the tsunami hazard zone, so that specific cause of flooding can be disregarded.

Tsunami Sources 1610 B.C. to A.D. 2014 from Earthquakes, Volcanic Eruptions, Landslides, and Other Causes
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Figure 8: Tsunami Sources (ITIC UNESCO, 2014)
As such, what is left for the cause of seawater flood, are storm surge and high tide.
3.2.2. What is sea level rise?

There are two causes for global seawater rise, and both are linked to the rising global tempera-
tures. Firstly, when water is heated it expands slightly. As visible in figure 9 below, the global

seawater temperature is increasing:
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Figure 9: Ocean Heat Content, 1955-2013 (EPA, 2014a)

Secondly, as a result of rising temperatures, the amount of water stored as ice (mostly as glaciers
and ice sheets) is decreasing, thus increasing the volume of water in the ocean. This mechanism
can also go the other way around, where the amount of stored water as ice increases, thus de-
creasing the volume of water in the ocean. However, according to the United States Environ-
mental Agency, global seawater level of the entire world’s oceans has risen annually at an aver-
age rate of 0.15 cm from 1880 to 2012, as visible in figure 10 below. Since 1993, however, the
sea level has increased by a rate of 0.28 to 0.31 cm annually, which is a doubling of the long-
term trend (EPA, 2014b).

12
Trend based on tide gauges

—— Satellite measurements
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Figure 10: Global Average Absolute Sea Level Change, 1880-2013 (EPA, 2014b)
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This above figure 10 refers to the absolute sea level change, which describes [...] the height of
the ocean surface above the center of the earth, without regard to whether nearby land is rising
or falling (EPA, 2014b). A different way to measure changes in sea level is the relative sea level

change, which incorporates the rising and falling of the land at a specific location (EPA, 2014b).

What to keep in mind when assessing impacts of sea level rise is that [...] it is the local change in
relative sea level that matters, not the global average (UNEP, 1998, p. 180). As such, it is the
relative, or observed, change in sea level that is the focus. The relative sea level rise is, according
to UNEP, defined as [...] the sum of global sea-level rise, regional oceanic effects, and vertical

land movements (UNEP, 1998, p. 196), and can be expressed by the following equation:
Spe = Sgr+Ser VXL

where: S, ; = relative sea level rise in year t (m),

Sgt = global sea level rise in year t,

So¢ = regional sea level change induced by oceanic changes in year t (in metre),

V = vertical land movement (metre/year), and

t = number of years in the future (base year 1990)

(UNEP, 1998, p. 196).
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An example of why the relative sea

340° . .
level rise can be of importance can

be seen in figure 11 to the left. The
w figure shows changes in sea level
trends (mm per year) in 20th century
Europe, where it is shown how most
of Scandinavia (except Denmark)
o and the Baltics have decreasing sea
levels. This is the result of the Fen-
noscandian ice sheet, [...] whose
B weight caused the earth underneath
it to sink (Douglas et al., 2001, p. 5)
40° generating the observed fall in rela-
tive sea level, as the area is still re-
bounding (Douglas et al., 2001, p.

5).

Figure 11: Contour plot of 20th century European sea level trends (mm/yr) (Douglas et al., 2001, p. 6)

Regarding coastal zones, as is the focus of this project, there are other changes to the climate,
which can have compelling effects, [...] such as changes in wind direction and intensity (UNEP,
1998, p. 198). However, according to UNEP, these changes are as of yet highly uncertain, and

are not a part of the focus of this project, as also described in the subchapter 1.5..
3.3. Projections and models

So now, the basics of climate change have been described, but before we go further on, it is rele-
vant to elaborate a bit on what projections and models are all about, in the context of changing

sea levels.

Projections are [...] model-derived estimates of future climate that are linked to defined forcing

stories (e.g. the change in solar radiation, in greenhouse gases, in land-use disturbances)
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(McGuffie & Henderson-Sellers, 2014, p. 98). It is important to note that ‘projection’ is some-
thing different than ‘predictions’, as [...] a prediction is a single estimate with a quantifiable
uncertainty; a projection is an estimate that is based on a specific assumption related to a neces-
sary model input (Masselink & Gehrels, 2014, 46). In the given context of changes in sea level, it
IS not possible to make an accurate prediction of e.g. future concentrations of greenhouse gas
concentrations in the atmosphere, as this would is influenced by a range of factors (i.e. political
and technological) [...] that are inherently unpredictable (Masselink & Gehrels, 2014, pp. 46-
47). This is why, when it comes to future changes regarding the climate, including sea level, pro-
jections are utilised with the help of various greenhouse gas concentration scenarios (e.g. those
proposed by the IPCC).

Therefore, projections are based on models. Models are simplified representations of the physical
world, however, [...] the degree of abstraction (or its reverse: the level of complexity) varies
hugely amongst models (Masselink & Gehrels, 2014, p. 18). In general, models are used [...] to
produce a quantitative estimate of how sea level will change in the coming decades to centuries
(Masselink & Gehrels, 2014, p. 46). In the case of projecting global mean sea level, there are,

according to Masselink & Gehrels, two classes of models for doing so:

Process models, which are somewhat complex, attempt to simulate the given processes (e.g.
ocean temperatures or the accelerating melting of ice caps and the resulting effect on the sea
level). As Masselink & Gehrels puts it: [...] realistic modelling is notoriously difficult (Mas-
selink & Gehrels, 2014, p. 17), but the process models (as exemplified by the IPCC) are consid-
ered to include more factors than its counterpart, which are: semi-empirical models. Predomi-
nantly, the IPCC projection are on a global scale, and must, as such, [...] be downsized to a re-
gional scale that is of practical use to coastal planners and managers (Gehrels & Long, 2008 in
Masselink & Gehrels, 2014, p. 17).

Semi-empirical models circumvents the complexity of process models as they do [...] not at-
tempt to simulate the processes but, instead, applies a semi-empirical relationship based on past
observations of sea level and temperature (Masselink & Gehrels, 2014, p. 49). These past obser-

vation can be derived from the recent past (decades) or from millennia ago, and are consequently
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utilised to make projections for the coming century (Masselink & Gehrels, 2014, pp. 17-18; 47-
49).

So how is this relevant for the rest of this project? The process model and semi-empirical model
will be used when the two methodological approaches (from the EU Floods Directive and the

IPCC) are compared when answering the second working question of this project.
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4. Working question 1: The EU and IPCC Methodologies

In order to answer our first working question; How do the EU Floods Directive and the IPCC
propose to approach climate change, specifically in relation to flooding and sea level rise?, we
have made two sections: one about the EU Floods Directive and its utilisation of the term risk,
and one about the IPCC. In the section on the IPCC, we elaborate on the climate scenarios and

the terms adaptive capacity, vulnerability and risk. The chapter ends with a conclusion.
4.1. The EU Floods Directive

This section will account for the EU Floods Directive in relevance to this paper. The aim of the
EU Floods Directive and the steps for implementation will be explained, and the concept of
"Risk" will be considered. Finally, the EU Floods Directive will be put into a Danish context, in

sake of the scope of this report.

The "Directive on the assessment and management of flood risks™ was initiated by the European
Union and approved for practice on September 18 2007. The EU Floods Directive (EFD) [...]
aims to reduce the adverse consequences on human health, the environment, cultural heritage
and economic activity associated with floods in the Community (EXCIMAP, 2007, p. 5). Based
on these aims, Member States of the EU were required to firstly compile a flood risk assessment
and select the areas that would be the focus of the following work, due in 2011. Secondly, Mem-
ber States were required to present flood mapping of the selected areas assessed to be in high risk
of flooding, due in 2013. Finally, Member States were required to compose flood risk manage-
ment plans based on the flood mapping, due in 2015 (EXCIMAP, 2007, p. 5).

4.1.1. Risk

As aforementioned, the first step of the implementation of the Directive requires Member States
to conduct a "Preliminary Flood Risk Assessment”. They should do this for every river catch-
ment, including topographical characteristics and land-use mapping. Furthermore, the risk as-
sessment should include evaluations of past flooding events, which are deemed to have had ad-

verse impacts on the current aims of the EU Floods Directive (Directives, 2007, p. 30). The sec-
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ond step, "Flood Hazard Maps and Flood Risk Maps", are based on the mapping of areas that
could be flooded based on the following scenarios:

(a) floods with low probability, or extreme event scenarios;
(b) floods with a medium probability (likely return period <100 years);
(c) floods with a high probability, where appropriate.

(Directives, 2007, p. 30)

The Flood Hazard Maps and Flood Risk Maps are distinguished, where the former is defined to
[...] include historic as well as potential future flood events of different probability [...] and must
present [...] flood extent, the water depths or water levels, as appropriate, and where appropriate
the flow velocity [...] in accordance with each of the scenarios surrounding the probability of the
flood event (EXCIMAP, 2007, p. 17). As such, the methodological framework to create the pre-
liminary flood risk assessment and flood hazard/risk maps were created by the EU Floods Direc-
tive and administered to the Member States to execute. The aims and goals of the Directive are
binding to all Member States and must be implemented by a set a deadline. However, the EU
cooperation [...] shall leave to the national authorities the choice of form and methods (The Dan-
ish Parliament, 2008). Therefore, Member States such as Denmark must follow the Directive, but

they decide for themselves which methods to use and how to actualise it.

The Flood Risk Maps encompass the concept of risk. Here, the EU Floods Directive defines
flood risk as [...] the combination of the probability of a flood event and of the potential adverse
consequences to human health, the environment and economic activity associated with a flood

event (Directives, 2007, p. 29). Thus the concept of risk can be summarised in a simple equation:

Risk = C X Ph

where risk is the potential loss of a geographical area within a given period of time. Where C is
the potential adverse consequences and Ph is the probability of the flood event (EXCIMAP,
2007, p. 23).

EXCIMAP (2007) further shows how C can be derived using the following equation:
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C=VxS(my) XE

where V is the value of the factors associated with the risk. S is susceptibility, or damaging effect
ranging from 0 to 1. E is the exposure of the factors at risk, ranging from 0 to 1 (EXCIMAP,
2007, p. 23).

Thus, the EU Floods Directive utilises the historically derived probability scenarios from the
Flood Hazards Maps in combination with the vulnerability parameters of the aforementioned
adverse consequences. The EU Floods Directive essentially grounds its use of vulnerability on
historical flood events (Directives, 2007, p. 31; EXCIMAP, 2007, pp. 23-25).

Finally, the last step, the "Flood Risk Management Plans”, which should focus on the factors of
prevention, protection and preparedness, based on the previous steps of Flood Hazard and Flood
Risk mapping, thus grounded in past flood events (Directives, 2007, p. 31). Therefore, the plans
are composed under the assumption that historical flood events are still valid under climate

change.

4.1.2. The Danish context

The implementation of the EU Floods Directive in Denmark is expected to occur in the duration

of three phases:

Phase 1: Preliminary Flood Risk Assessment - evaluation and selection of high risk areas.

Phase 2: Flood Hazard Maps and Flood Risk Maps.

Phase 3: Flood Risk Management Plans (The Danish Coastal Authority, 2013, p. 6)

The Danish government has thus adopted this directive for implementation, whereby past events
and their respective probabilities of occurrence have been utilised in order to select geographical
areas in high risk of flooding (The Danish Coastal Authority & The Danish Nature Agency,
2014, pp. 14; 21-22). Here, the Danish Coastal Authority uses the general assumption that Den-
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mark will experience sea level rises of 0.3 meters by 2060, and has selected 10 areas that are
deemed in risk of flooding: Holstebro, Randers Fjord, Juelsminde, Vejle, Fredericia, Aabenraa,
Odense Fjord, Kage Bugt, Korsgr, and Nakskov (The Danish Ministry of the Environment & the
Ministry of Transport, 2011b, p. 7). The selection of these areas and the potential for future
flooding does not account for an increase in quantity and severity of storms, nor a change in pre-
cipitation due to climate changes. The selection of the aforementioned areas assigned high flood
risk is based only on the projected future general sea level rise of 0.3 meters (The Danish Minis-
try of the Environment & the Ministry of Transport, 2011b, p. 17).

The Danish government uses the same concept and understanding of risk as described in the EU
Floods Directive. According to the Danish Ministry of the Environment and the Ministry of
Transport, both of which are responsible for the Danish mapping of Flood Hazard Maps and
Flood Risk Maps, two factors are needed in order to determine any flood risk: the probability of
a flooding event and the potential adverse consequences to humans and their valuable (The Dan-
ish Ministry of the Environment & the Ministry of Transport 2011b, pp. 18-19). Thus, the con-
cept of food risk can, also in a Danish context, be summarised in the aforementioned equation
used by the EU Floods Directive.

The Danish government has as such utilised past flooding events in combination with the pro-
jected future sea level rise of 0.3 meters as well as topographical maps in order to determine the
actual flood risk, and, in turn, select the 10 locations mentioned previously in this section (The
Danish Ministry of the Environment & the Ministry of Transport, 2011b, p. 24). Thus we find a
tendency toward projection analysis and the usage of semi-empirical models (subchapter 3.3.) by
the Danish government, where past events and current terrain are mathematically forced, per-
turbed with a 0.3 metre assumed sea level rise. It is, as such, a condition to this method that there

will be no change in terrain (Municipality of Solred, 2014a, p. 8).

4.2. The IPCC

The Intergovernmental Panel on Climate Change was established in 1988 by the United Nations
Environment Programme (UNEP) and the World Meteorological Organisation (WMO) as the

issue of climate change became increasingly apparent. Three so-called Working Groups were
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initiated, responsible of compiling information for publication in each of their designated areas:
Working Group | deals with the physical science basis of climate change. Working Group Il is
concerned with Impacts, Vulnerability and Adaptation. Finally, Working Group 11 is charged
with Mitigation of climate change (IPCC, 2008-2014). The most recent IPCC Assessment Report
as of this project is the AR5, the 5th Assessment Report. The comprehensive Synthesis Report of
the AR5, including material from all three Working Groups, was released in 2014. Previous As-
sessment Reports were published in 1990, 1996, 2001 and 2007.

4.2.1. Climate Scenarios
Until the IPCC’s Third Assessment Report (TAR), the method of developing climate scenarios
had been largely ignored (IPCC TAR WG2 3, 2001, p. 163). Now, however, the IPCC consis-

tently utilises climate scenarios to assess future climate change.

A climate scenario is a plausible representation of future climate that has been con-
structed for explicit use in investigating the potential impacts of anthropogenic climate
change

(IPCC TAR WG1, 2001, p. 741).

Thus, a climate scenario should consider both climate change attributed to human activities and
natural climate variability (IPCC TAR WG1, 2001, p. 743). Additionally, [...] a scenario is a
coherent, internally consistent, and plausible description of a possible future state of the world
(IPCC TAR WG2 3, 2001, p. 149). Scenarios are commonly required for the assessment of cli-
mate change impact, adaptation, and vulnerability in order to give alternative views of future
conditions which are considered likely to influence a given system or activity. Climate scenarios,
which describe the forcing factor and are the main interest of the IPCC, and the non-climatic
scenarios, which gives the socioeconomic and environmental “context” for the climate forcing

(IPCC TAR WG2 3, 2001, p. 147).

The IPCC TAR identifies five different types of scenarios:

Socioeconomic scenarios have previously been used to project greenhouse gas emissions, but are

now used for assessing climate vulnerability and adaptive capacity. Socioeconomic scenarios can
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identify various topics, such as population, economic activity, the structure of governance, social
values, and patterns of technological change. Thus, these scenarios enable the establishment of a
baseline socioeconomic vulnerability before climate change, determine climate change impacts,
and also assess vulnerability after adaptation (IPCC TAR WG2 3, 2001, p. 147).

Land-use and land cover scenarios incorporate both land-use and land-cover change scenarios,
which are important in the assessment of climate change impact and adaptation. However, they
primarily focus on food security and carbon cycling, rather than explicitly addressing climate
change issues. These scenarios have been vastly improved since the Second Assessment Report
(SAR) to better define current and historical land-use and land-cover patterns, and estimating
future scenarios (IPCC TAR WG2 3, 2001, p. 147).

Environmental scenarios encompass future changes in environmental factors, except climate,
that will occur regardless of climate change. This includes possible future conditions of marine
pollution, water availability, water use, water quality, and atmospheric composition, e.g. carbon
dioxide, tropospheric ozone, acidifying compounds, and ultraviolet UV-B radiation, which are
all important for modifying the impacts of future climate change. With the exception of CO; en-
richment, and the effects of this, the rest of the environmental factors have hardly been consid-
ered in past assessments of climate changes. However, these factors are being increasingly used
with the development of integrated assessments method, which will be explained subsequently
(IPCC TAR WG2 3, 2001, p. 147).

Climate scenarios are used for impact assessment. There are three types of climate scenarios:
incremental scenarios, analogue scenarios, and climate model-based scenarios. The most com-
mon of the climate-model based scenarios use outputs from general circulation models (GMCs),
and are typically constructed by adjusting a baseline climate by the absolute or proportional
change between the simulated climates of the present and the future. The baseline climate usu-
ally based on regional observations of climate over a reference period of e.g. 40 years. Coarse-
scale output of GCM’s provides regional detail, and this detail is obtained using three different
methods: simple interpolation, statistical downscaling, and high-resolution dynamic modelling.
The simple interpolation method, which reproduces the GCM pattern of change, is the most

commonly used in developing scenarios. The statistical and modelling methods can produce lo-
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cal climate changes, compared to the GCM estimates, which are of a larger scale, however, more
research is required to evaluate the value added to impact studies by these methods (IPCC TAR
WG2 3, 2001, p. 147).

Sea level rise scenarios are utilised to evaluate threats to humans, ecosystems, and landscape in
coastal zones. For impact and adaptation assessment, the most interesting scenarios are the rela-
tive sea level scenarios, which encompass sea level rise with reference to movements of the local
land surface, as also explained in subchapter 3.2.2.. Base-line levels and trends are established
using data on tide gauge and wave height from the last 50 years or more. The most common
practise for obtaining scenarios is by applying global mean estimates from simple models, how-
ever, by using coupled ocean-atmosphere models, factors of future sea level rise can be modelled
regionally. Adding historically observed events onto data on rising mean sea level, can be used
to investigate the changes in the occurrence of extreme events, such as storm surges and wave
set-up. Some recent studies have begun [...] to express future sea-level rise in probabilistic
terms, enabling rising levels to be evaluated in terms of the risk that they will exceed a critical
threshold of impact (IPCC TAR WG2 3, 2001, p. 147). This means that rising sea levels are now
being evaluated in terms of the probability that they will reach a certain level, which is consid-
ered a critical threshold of impact (IPCC TAR WG2 3, 2001, p. 147).

Scenarios are developed and applied in order to assess future climate change impacts, adaptation
and vulnerability, and are thus one of the primary tools for assessing future developments in
complex systems that are often unpredictable, insufficiently understood, and have great scientific
uncertainties (IPCC TAR WG2 3, 2001, p. 149).

4.2.1.1 The Integrated Assessment Analysis

All of the aforementioned scenarios are applied in an Integrated Assessment Analysis, as shown
in figure 12 below. The Integrated Assessment Analysis seeks to give policymakers [...] a co-
herent synthesis of all aspects of climate change (IPCC TAR WG2 2, 2001, p. 118). The Inte-

grated Assessment Analysis utilises one or more of four methodological approaches:
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(1) Computer-aided modelling [...] in which interrelationships and feedbacks are mathemati-
cally represented, sometimes with uncertainties incorporated explicitly (IPCC TAR WG2 2,
2001, p. 118), (2) Scenario analysis which examines [...] representations of how the future might
unfold (IPCC TAR WG2 2, 2001, p. 118), (3) Simulation gaming and participatory integrated
assessment, including policy, and (4) Quantitative assessments, which [...] are based on limited
and heterogeneous data and built from existing experience and expertise (IPCC TAR WG2 2,
2001, p. 118), which can be used as a basis for the research that examines regions and sectors in
which uncertain futures makes it unclear where and when impacts might be most severe (IPCC
TAR WG2 2, 2001, p. 118).
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Figure 12: Integrated Assessment Analysis (IPCC TAR WG2 3, 2001, p. 151)
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4.2.2. Adaptive capacity

According to both the IPCC and UNEP, when assessing the impact of climate change, the adap-
tive capacity of a system is a vital component to include, as plants, animals, and humans will not
simply continue on as they have without climate change but are quite likely to modify their be-
havior (UNEP, 1998, p. 117). The adaptive capacity of a system is how well the system is capa-
ble of or has the potential to [...] respond successfully to climate variability and change (IPCC
AR4 17.3.1, 2007). This includes anthropogenic adjustments not only in the basic conduct of
human activity, but also in the way, we utilise resources and develop technologies. In order to
develop and implement effective adaptation strategies regarding climate change, the adaptive

capacity is a vital component.

Adaptive capacity has both generic and local indicators. Some factors are significant all over the
globe, while others are determined by local conditions with specific impacts from climate
change. Examples of generic indicators are education, income, and health, whereas indicators
specific to a particular impact (e.g. floods) can relate to institutions (e.g. governmental), and the
level of knowledge and technology (Yohe and Tol, 2002; Downing, 2003; Brooks et al., 2005;
Tol and Yohe, 2007 in IPCC AR4 17.3.1, 2007). As such, the adaptive capacity is influenced not
only by the geology and biology of the area, but also the economy, institutions, technology etc.

In this project, the focus lies mainly on government and institutional efforts to enhance the adap-
tive capacity of the Danish coastlines, including large residential areas. According to the IPCC

Assessment Report 5, especially the government has:

[...] the potential to directly reduce the risk and enhance the adaptive capacity of
vulnerable areas and populations by developing and implementing locally appro-
priate regulations including those related to zoning, storm water management and
building codes, and attending to the needs of vulnerable populations through
measures such as basic service provision and the promotion of equitable policies
and plans

(Adger et al., 2003b; Brooks et al., 2005; Nelson et al., 2007; Agrawal

and Perrin, 2008; Agrawal, 2010 in Noble et al., 2014, p. 842).
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Put differently, the government is the vital actor when it comes to making sure that both the
physical environment and the people living in it are not exposed to hazards deriving from

changes to the climate.

However, within all societies, there are individuals/groups/municipalities/regions [...] that have
insufficient capacity to adapt to climate change (Noble et al., 2014, p. 839) and additionally,
having a high capacity to adapt does not unescapably lead into actions to reduce vulnerability
and vice versa (Noble et al., 2014, pp. 839; 854). The current understanding of adaptive capacity
is, to a large extent, derived from the assessment of vulnerability. The indicators of vulnerability
[...] often provide important insights on the factors, processes and structures that promote or
constrain adaptive capacity (Eriksen and Kelly, 2007 in IPCC AR4 17.3.1).

4.2.3. Vulnerability

Vulnerability to climate change is the extent of how exposed, or unable to cope, geophysical,
biological and socio-economic systems are, when it comes to the negative impacts of climate
change. When utilising the term vulnerability, it can refer to either the vulnerability of the system
itself (e.g. flooding of coastal areas) or the mechanisms causing these impacts (e.g. the collapse
and disintegration of ice sheets in the arctic) (IPCC AR4 19.1.2.1, 2007). Initially, vulnerability
was defined as a function of:

1) Exposure to specific hazards or stressors
2) Sensitive to their impacts, and
3) The target population’s capacity to adapt
(IPCC AR3 (TAR), chapter 17 in Noble et al., 2014, p. 854)

Recently, however, the focus has moved from [...] defining exposure and potential impacts to a
better understanding of the factors that affect societies’ sensitivity to those impacts (Noble et al.,
2014, p. 854) and their adaptive capacity. As such, the social vulnerability has become increas-
ingly recognised as an important factor to include alongside the biophysical vulnerability (Noble
et al., 2014, p. 854).
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Nonetheless, the term vulnerability is still under discussion, as the term is not well defined. Thus
the amount indicators of vulnerability are vast and the purpose of these indicators varies, whether
they are to produce a vulnerability rating or [...] to identify adaptation options (Smit and Wan-
del, 2006; Sietz et al., 2011b in Noble et al., 2014, p. 854).

Indexes of vulnerability can be derived both deductively by identifying indicators that, in theory,
[...] should be strongly related to vulnerability (Noble et al., 2014, p. 854) or inductively,
through observed data, seeking [...] correlations between indicators and observed consequences
of vulnerability, such as the number of people killed or affected by climate related events in re-
cent history (Noble et al., 2014, p. 854).

4.2.4. IPCC’s notion of risk
The IPCC released a special report regarding disaster risk management and climate change adap-
tation (IPCC, 2012) where it addresses the concept of disaster risk. Lavell et al. (2012) in the

special report by the IPCC, defines disaster risk as:

[...] the likelihood over a specified time period of severe alterations in the normal func-
tioning of a community or society due to hazardous physical events interacting with vul-
nerable social conditions, leading to widespread adverse human, material, economic or
environmental effects that require immediate emergency response to satisfy critical hu-
man needs and that may require external support for recovery

(Lavell et al., 2012, p. 32).
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The interactions between the relevant concepts to disaster risk can be seen in figure 13.

Disaster
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Figure 13: IPCC’s concept of disaster risk (Lavell et al. 2012, p. 31).

Figure 13 shows the complexity of the IPCC notion of risk. Here, we see the central concept,
disaster risk, being an integrated combination of: weather and climate events, vulnerability and
exposure. Weather and climate events are affected directly by the climate in general, which en-
compasses the natural variability of climate and the impacts of anthropogenic induced climate
change. Oppositely, vulnerability and exposure of communities are affected by the processes of
development, which includes the disaster risk management and climate change adaptation. In
turn, disaster risk impacts development, as the presence of a risk will emphasise the demand and
urgency for such. Finally, development will affect the climate through greenhouse gas emissions,

as disaster risk management and adaptation often is associated with energy consumption.

It can be observed that mitigation is not included in figure 13. This can be justified considering
that the main focus of mitigation concerns reducing the utilisation of fossil fuels, however a

combined model could show even more aspects to the concept of disaster risk.
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An example of an area, which has increased its vulnerability to future climate change, is the Bay
of Kage, where properties have been built on known hazard zones for flooding. The risk of
flooding comes from several sources, one of which is the sea. The more inhabited areas of the
Bay of Kgge are situated close to the waterfront. This increases the risk of cities and other inhab-
ited areas being affected by flooding. Additionally, the water table is very high due to shallow
layers of lime, and there is a small slope from inland towards the sea, leading rainwater towards
the inhabited area. The rainwater is stopped by the road (Kgge Bugt Motorvejen) which func-
tions as a barrier for both water from the ocean, and stops water from inland. Both sides (but

mostly the side towards the sea) of the highway have a high population density.
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Figure 14: Tllustration of Solred’s geological characteristics (Roskilde County, 2005, p. 10)

4.3. Conclusion to working question 1

How do the EU Floods Directive and the IPCC propose to approach climate change, specifically

in relation to flooding and sea level rise?

The EU Floods Directive from 2007 instructs its 27 (as of 2007) Member States a three step
game plan; (1) Preliminary Risk Assessment and selecting risk areas (deadline 2011), (2) Flood
Hazard Mapping and Flood Risk Mapping of selected areas (deadline 2013), and (3) the creation
of Flood Risk Management Plans, based on the flood maps (deadline 2015).

Page 43 of 65



The concept of flood risk is defined as the potential adverse consequences (which is the value of
the factors at risk x the damaging effect x the exposure of the factors at risk) x the probability
of a flood event. Arguably, the EU Floods Directive approaches climate change and associated
sea level rise using semi-empirical models, where historical context plays a significant role in the
production of evidence, and their concept of flood risk is based primarily on these past storm

surge events.

The IPCC utilises a range of climate change scenarios in order to make estimations of the future
climate, including flooding and sea level rise. The five categories for climate change scenarios
are; socioeconomic, land-use and land cover, environmental, climate, and sea level rise scenar-
i0s. These five categories are all included in the Integrated Assessment Analysis, which was cre-
ated to include all aspects of climate change, making it more accessible for policy makers to un-
derstand the full extent of the predicament. The end-results of the scenarios are estimations of the
vulnerability and adaptive capacity of the area in question. The adaptive capacity is defined as
how well a system can respond to changes in the climate, whereas vulnerability encompasses
both the social and biophysical aspects of exposure and sensitivity of an impact as well as the
adaptive capacity. Lastly, the IPCC has created a complex definition of the term disaster risk,
which in a simplified version is the sum of the vulnerability, weather and climate events, and the
exposure. However, each element is in turn affected by other events, and as such, the IPCC
makes use of cause-effect pathways as studied in the Causal Chain Analysis. This corresponds

well with process models, which are associated with much more complexity.
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5. Working question 2: Comparative Analysis

This chapter will make use of a comparative analysis (as explained in chapter 2) in order to an-
swer working question 2: What are the main differences between the two methodologies and how

can they be exemplified through the selected method-illustrations?

The frame of reference for this comparative analysis is based on the issue of projected flooding
attributed to climate change and the related choice of methodologies when dealing with this. The
comparable institutions are: 1) The EU Floods Directive and, by extension, the Danish govern-
ment, and 2) the IPCC. The EU Floods Directive and the Danish government use methodologies
in the assigning of projected risk areas, which are predominantly different from the methodolo-
gies used by the IPCC. Furthermore, the choice of methodology by the Danish government is
questioned in this comparison, as they failed to select the Municipalities of Roskilde and
Frederikssund as high risk flood areas - when these locations were later subject to severe flood-
ing due to storm surge. The question is whether the choice of methodology by the IPCC is more
appropriate when selecting high risk flood areas, which lays as grounds for comparison in this
analysis. The organisational scheme of this analysis will use a point-by-point structure, where the
two institutions engage in a debate throughout the chapter. The comparison will, as such, discuss
different themes with comparable arguments from both of the cases. We will use this compara-
tive analysis in order to assess our thesis and problem formulation, which will be merged in the

final conclusion.

The methodological approach of Projection Analysis, utilised by the EU in their Floods Direc-
tive, relies heavily on data on historical climate events, dating back to as late as the 16th century
(The Danish Coastal Authority, 2011b, p. 3), in the assessment of flood risk. Risk is defined as
the potential adverse effects of a flooding event and the probability of a flood event, as men-
tioned in chapter 4.1.1..

The methodological approach of the Causal Chain Analysis, utilised by the IPCC in their As-
sessment Reports, use data on recent events, dating back 50 years or less (IPCC TAR WG2 3,
2001, p. 147), in addition to several other considerations, which impact the assessment of the

flood risk and the vulnerability of a flood risk area, such as considerations about socioeconomic-,
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land use and land cover-, environmental-, climate-, sea level rise circumstances, see chapter
4.2.1.. The IPCC defines vulnerability as exposure to specific hazards or stressors, sensitivity to

their impacts, and the target population’s capacity to adapt, as mentioned in chapter 4.2.3..

The use of projections and models and the use of the concepts of risk and vulnerability utilised
by the EU and the IPCC will be comparatively analysed in more detail in the following sub-

chapters 5.2., and 5.3., respectively.
5.1. Use of projections and models

This subchapter will discuss the use of projections and models in dealing with future sea level
rise attributed to climate change, firstly according to the EU Floods Directive and its implemen-
tation in a Danish context, and secondly in relation to the IPCC. This subchapter will preliminar-

ily conclude on the key aspects to each of the approaches in relation to modelling.

The EU Floods Directive makes projections for the potential future flood risk through the pro-
duction of Flood Hazard Maps and Flood Risk Maps (see chapter 4.1.1.). The EU Floods Direc-
tives suggests that the mapping can be based on 1) Databases, and 2) Flood modelling (EXCI-
MAP, 2007, pp. 33-34).

The databases include information on topography received through digital elevation models
(DEM), where a minimum 0.5 m vertical resolution is required. Databases also utilise historical
data, which are deemed [...] very important for public awareness rising as well as for the cali-
bration of flood modelling (as long as past and modelling conditions can be compared) (EXCI-
MAP, 2007, p. 33) and can be based on a variety of historical records of flooding, such as re-
cords, articles, pictures and even paintings. Finally, land use and related data is based on popula-
tion and economic data, cultural heritage, aggregated land and services, environment, and infra-
structure. The EU Floods Directive finally suggests four types of flood modelling when making
Flood Hazard Maps and Flood Risk Maps: (1) hydrological models, (2) hydraulic models, (3)
large floodplain areas, and (4) coastal flooding (EXCIMAP, 2007, p. 33-34).

Page 46 of 65



In this context, the Danish Coastal Authority bases its flood projection on past storm surge and
flooding events dating back to the year 1532 (The Danish Coastal Authority, 2011b, p. 3). In
evaluating the relevance of a flood event, five categories have been used to specify the event:
water level, meteorology, flooding, damage, and anthropogenic consequences (The Danish
Coastal Authority, 20114, p. 23; 25; The Danish Coastal Authority, 2011b). The Danish Coastal
Authority uses these past storm surge events as a baseline year 2010 scenario. This baseline year
2010 scenario is used in comparison with a year 2060 scenario, where a 0.3 metre sea level rise
has been perturbed onto the baseline values (The Danish Coastal Authority, 2011b, pp. 60-62).
The Danish Coastal Authority uses 0.3 metre sea level rise as a general estimate of future sea
level rise during a period of 50 year (4.1.2.). There are no apparent explanations for how the 0.3
metre future sea level rise was determined, and there seems to be some dispute to this assess-
ment, as the Risk Management Plan from the Municipality of Solrgd from December 2014 in-
cludes an expected general sea level rise of 0.5 metre (Municipality of Solrgd, 2014b, p. 5).

The Danish Coastal Authority uses a combination of two models: (1) the Danish elevation model
(DHM), and (2) the sea flood model. The Danish elevation model is used in assessment of the

altitude of terrain. The potential for flood is determined by:

a) the past maximum water level in a given geographical region,
b) a professional evaluation of the hydrodynamic conditions in the region, and
c) a projected climate-induced factor for sea level rise

(The Danish Coastal Authority, 2011a, p. 63 - own translation from Danish)

The models thus use the expected 0.3 m sea level rise for 2060 as perturbed onto the historical
storm surge data in order to project future flooding. This methodology assumes that the terrain
does not change (see chapter 4.1.2.).

The IPCC conducts projections through models based on a variety of scenarios with a critical
stance on the use of baselines. The IPCC finds that baselines change even without climate
change due to the [...] ongoing socioeconomic development and, with climate change, because of
system responses and autonomous adaptation (IPCC TAR WG2 2, 2001, p. 115). Based on fu-
ture changes in anthropogenic greenhouse gas emissions, the IPCC then suggests a range of

plausible projection scenarios (see chapter 4.2.1.).
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The IPCC uses a variety of different models when they attempt to make projections about these
future scenarios. The Atmosphere-Ocean General Circulation Models were previously consid-
ered the "standard” model and has been the primary function to [...] understand the dynamics of
the physical components of the climate system (atmosphere, ocean, land and sea ice), and for
making projections based on future greenhouse gas (GHG) and aerosol forcing (Flato et al.,
2013, p. 746). The Earth Systems Models then expand on the Atmosphere-Ocean General Circu-
lation Models through terrestrial processes, and the Regional Climate Models are thus used to in
order to downscale global models to a smaller scale of region (Flato et al., 2013, p. 746-747).
These models attempt to simplify real systems and their processes through mathematical terms
and extensive technological computation (Flato et al., 2013, p. 749).

In summary, the EU Floods Directive and the Danish Coastal Authority use historical events
dating back to the 16th century for a year 2010 baseline. This baseline is used in comparison to a
single projected year 2060 scenario, where they perturb an estimated factor of predicted sea level
rise (0.3 metre) onto the baseline. The use of models is as such semi-empirical (as described in
chapter 3.3) and fairly simple due to the simplicity of the equation, and the computational de-

mand is relatively small.

Oppositely, the IPCC is critical of the use of a baseline, due to the changing dynamics of natural
and socioeconomic systems. The IPCC’s use of several scenarios based on change in anthropo-
genic behaviour stands in contrast to the Danish Coastal Authority’s single scenario. Finally, the
IPCC makes use of complex global models, as well as complicated downscaling methods, and
can thus be defined as process models (see chapter 3.3). The inputs and processes of these can be
difficult to understand and can lack transparency due to the complexity and quantity of facts in-
volved. Alternatively, the EU Floods Directive lacks the incorporation of the complexity of sys-
tems in their models. The EU Floods Directive thus runs the risk of underestimating flood risk

due to an inflexible use of projections, as these are grounded primarily in past events.
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5.2. Risk and vulnerability

This subchapter will analyse the concepts of risk and vulnerability, firstly in the context of the
EU Floods Directive, followed by their use in a Danish context. Secondly, this subchapter con-
sider the way the IPCC uses risk and vulnerability, and the two different approaches will lastly

be summarised in contrast to one another.

As elaborated in the previous part of the project, the assessment of vulnerability is utilised by
both the EU Floods Directive and the IPCC, and is considered as [...] a key concept for under-
standing the impacts of climate change and natural hazards (Masselink & Gehrels, 2014, p.
106). But the definition of the term vulnerability differs, as some regard vulnerability as an

equivalent to the term risk. An example of this can be found in Masselink & Gehrels (2014):

The vulnerability of a coastal community can be regarded as the sum of risks to its
social, economic and physiographic properties, and is inversely related to the natu-
ral and social coping and adaptive capacity to adverse impacts, i.e. a society’s re-

silience

(Masselink & Gehrels, 2014, p. 106).

As such, vulnerability is defined as a combination of economic, social and geo-ecological risk
(Masselink & Gehrels, 2014, p. 108). A similar definition of vulnerability is found in the EU
Floods Directive, as mentioned in the previous chapter regarding working question 1. Here the
risk of a flood is defined as the potential adverse consequences (vulnerability) x the probability
of a flood event. The potential adverse consequences are subsequently defined as value x effect

x exposure, thus defining vulnerability as a function of value, effect and exposure.

In a Danish context, the risk of flood is also defined as a function of a) the probability of a flood

event and b) the potential adverse consequences (Danish Coastal Authority, 2011a, p. 13).

a) The potential adverse consequences are in this context dealt with through a Vulnerability As-
sessment. These assessments are divided in three groups, depending on the scale of the assess-

ment:

Page 49 of 65



1) Makro-based analysis, which are designed to be the supporting basis for the implementation
of national legislation regarding a reduction in flood risk.

2) Meso-based analysis, which are meant to support the makro-based strategies for the country,

by implementing the strategy in a given region.

3) Micro-based analysis, which is intended to support local decisions regarding concrete adapta-

tion measures toward the risk of flood.

The more detailed Vulnerability Assessment, the more expensive it is to carry out. As such, de-
tailed Vulnerability Assessments are only made on the micro-basis, whereas regional and na-
tional analyses have a lower level of accuracy for vulnerability (Danish Coastal Authority,
2011a, pp. 15-16).

b) The probability of a flood is found through a Hazard Analysis. The Hazard Analysis examines
all registered events with extreme levels of water at a given location. On a basis of the empirical
data, the probability of a certain water level can be calculated. The probability of an extreme
level of water is listed as a return period (in Danish: middeltidshaendelse), that is the estimated
likelihood of how often a certain water level can occur or be surpassed in a given time frame
(e.g. every 10, 100 or 1000 years) (Danish Coastal Authority, 2011a, p. 13).

This differs from the way the IPCC deals with the terms of vulnerability and risk. As aforemen-
tioned regarding the two ways of making projections of climate change, the models, projections
and also terminology of the IPCC is more complex and includes more valuables in their classifi-
cations. As elaborated in the previous chapter, the IPCC defines vulnerability as a function of
exposure, impact sensitivity and the adaptive capacity of the system. Thus, both the social and

the biophysical vulnerability are included as the components of vulnerability.

The definition of risk (more specifically disaster risk) by the IPCC is a combination of weather
and climate events, vulnerability and exposure, where the effects of events extents to human,
material, economic and environmental spheres. At first this seems very similar to that of the EU

Floods Directive, however the IPCC expands their definition by including how each of the three
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components of risk are additionally affected by other components (e.g. how exposure is related
to the development of climate change adaptation).

In this regard, the biggest difference between the EU Floods Directive and the IPCC is the fact
that the EU Floods Directive includes the probability of a flood event — a probability based on
previous events. The method is simple and easy to use, but it makes the reservation that what
happened in the past, will also happen in the future (+ 0.3 metre). However, climate change
changes the climate and the associated impacts become evident at new locations and at a differ-
ent rate than before. The IPCC however, is very complex and, as the GIWA Causal Chain
Analysis points out, can potentially become difficult to investigate. It is therefore important to
select the most relevant variables to be analysed, instead of included all of them — keeping in

mind the removal of a variable needs to be judicious.
5.3. Conclusion to working question 2

What are the main differences between the two methodologies and how can they be exemplified

through the selected method-illustrations?

The consequence of utilising the methodological approach of the Projections Analysis, as sug-
gested by the EU in the Floods Directive, with the use of historical events and digital elevation
models for the identification of flood risk areas, is that this method only projects areas of risk,
where there has been hazardous events before. As such, utilising the Projection Analysis could
result in the disregarding of areas, which could potentially be at risk, on the grounds that the area
in question not previously have been flooded or due to special geological circumstances, which
were not considered. The use of these semi-empirical models assumes that terrain does not
change; however, it is inevitable that terrain will change with and without the attribution of cli-

mate change.

The Danish government utilises a methodological approach inspired by the Projection Analyses
of the EU in their assessment and identification of possible risk areas. Upon being assigned the
task of identifying the potential flood risk areas of Denmark, 10 areas were identified, as men-

tioned in chapter 1.4. Roskilde Fjord and the Municipality of Frederikssund were not identified
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as flood risk areas. However, both were severely flooded during a storm surge in December
2013, see chapter 1.4. This illustrates a potential disadvantage of utilising the method of the Pro-

jection Analysis.

Another potential disadvantage of utilising the method of Projection Analysis could be that the
method is at risk of underestimating the future problem, due to the inflexibility of the method in
regards to insufficient consideration of the effects attributed to climate change with the perturbed
0.3 metre, which is the commonly accepted, projected, future sea level rise in the EU. Adaptation
and mitigation projects, which only allow for an additional 0.3 metre increase, could be deemed
inadequate, if the projections turn out to be inaccurate. As a result, the capital invested in the
projects will be wasted. Additionally, the targeted people of the flood risk area would rely on a

false sense of security because of the inadequate projects.

Utilising the methodological approach of the Causal Chain Analysis, as used by the IPCC in its
Assessment Reports, could also have potential disadvantages. The many cause-effect pathways
considered by the methodology increase the risk of miscalculation, due to the mathematical cal-
culations becoming too long for the models to calculate adequately. Since the understanding of
the complex system of the climate, and the mathematical representations of the climate system, is
still limited (IPCC AR5, 2014), one small miscalculation could potentially have an exponential

effect on the result.

Contrary to the Projection Analysis, upon utilising the methodology of the IPCC in the assess-
ment of future sea level rise, there is a risk of overestimating the future problems. If the future
sea level rise is overestimated, the cost of projects for climate change adaptation will increase.

This could result in projects being rejected due to the increased cost.

However, both methods do contribute to climate adaptation. The Projection Analysis offers a
method with simplicity and transparency, making it straightforward and relatively easy to use.
Thus, it can be beneficial for especially policy makers to engage in, as the transparency of the
method allows for an increased ease of implementation. Oppositely, the Causal Chain Analysis
contributes to climate adaptation in the way that it incorporates a large range of factors, which

exemplifies the components in a complicated system well. This is apparent in the IPCC’s use of
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high-demand computational modelling, well aligned with theory behind process models. The
complexity in the cause-effect pathways associated with the Causal Chain Analysis allows for a
more in-depth examination of what impacts to avoid and how to avoid them. Taking into account
societal factors and concepts of vulnerability and adaptive capacity, the Causal Chain Analysis
will arguably be more likely to not underestimate future adverse consequences in sea level rise

attributed to climate change.

The two different method illustrations, the Projection Analysis and the Causal Chain Analysis,
are thus used to exemplify the actual methodologies used respectively by the EU and the IPCC.
These two approach consequently each find their beneficial purposes in their weaknesses: The
Projection Analysis used by the EU Floods Directive may be too simple to effectively project
future conditions and can thus underestimate potential impacts of climate change. However, the
simplicity of it makes it more transparent and straightforward to use by policy makers. The
Causal Chain Analysis used by the IPCC includes a lot of complicated modelling and tracking
errors can as such be difficult. Contrary to the Projection Analysis, this method does not offer a
lot of transparency. However, the usage of these complex factors is associated with more security

in future projections due to its tendency to not underestimate future conditions.
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6. Final conclusion

This chapter will address the problem formulation: How can the methodologies of, respectively,
the EU Floods Directive and the IPCC be compared, using two different prototypes of ap-
proaches regarding sea level rise attributed to climate change, in a Danish context? Addition-
ally, the conclusion will culminate in an assessment of to which extend the two methodologies

can be considered a relevant tool to achieve successful adaptation.

The prototype of the Projection Analysis bases its projection for the future on past events, thus
projecting the likelihood and extent of future flooding events in areas, which have experiences
such events before. The EU Floods Directive includes this in the utilised methodology of risk
assessment, additionally including the value and exposure of the factors at risk, and the effect the

event might have on the area.

The methodological approach of the IPCC encompasses recent historical events in combination
with considerations of socio-economic scenarios, land-use and land cover scenarios, environ-
mental scenarios, climate scenarios, and sea level rise scenarios, in an integrated assessment
analysis. Computing models use this information and data to calculate the vulnerability, exposure
to stimuli, and adaptive capacity of a given location, in order to evaluate the flood risk of set
area. The methodological approach of the IPCC is based on a Causal Chain Analysis, which
analyses the cause-effect pathways between all the different factors considered, thus giving a

complete and coherent picture.

Both methodologies utilise projections, however the EU Floods Directive makes use of empirical
data going back, in the Danish context, to the 16th century, whereas the IPCC only goes back
approximately 50 years. Additionally, the IPCC has a large range of different scenarios all in-
cluding different factors. Regarding baselines for comparison, the EU Floods Directive has the
presupposition that the terrain in question does not change, while the IPCC maintains that ter-
rains do change and that baselines as such must be addressed critically. In this context, the matter
of understating the problem becomes an issue with the EU Floods Directive, as the stand on
baseline results in the possible oversight of new areas in risk of flooding. Oppositely, as the

IPCC includes such a large range of factors, the possibility of overstating the problem is likely.
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The methodology of the EU Floods Directive is simple, easy to use and the mechanisms are
transparent, thus making the implementation easy for policy makers to execute. The methodol-
ogy of the IPCC is complex and thus lacks transparency, but it includes more factors and cause-

effect pathways, resulting in a higher authenticity (while recognising the risk of miscalculation).

Ultimately, the EU imposes its Directives upon Member States, but it is to the respective national
authorities to decide on the methodology they use. Evidently, the Danish government opted to
use the methodology proposed by the EU Floods Directive, even though they had the option to
select a different methodology. 10 flood risk areas were identified throughout Denmark based on
past flood surge events dating back to 1532. The Bay of Kgge was among the selected areas,
because of its low altitude and its several incidents of past flooding. Thus, it is expected that the
Bay will be flooded in the future. However, areas surrounding Roskilde Fjord were overlooked
in the process. The storm ‘Bodil’ and the associated storm surge that flooded large areas in the
Municipalities of Roskilde and Frederikssund proves that the methodology applied by the EU
Floods Directive and the Danish government is faulty. Arguably, there is a need for measuring
the success of adaptation and how society deals with future challenges attributed to climate
change.

Adaptive capacity and robustness are key concepts in determining the success of adaptation. Cri-
teria for robustness such as reversibility, reducing vulnerability and no regrets aim for a more
flexible methodology, which can be adjusted temporally and spatially to better suit the place of
interest. Robust and flexible adaptive measures are well aligned with the recommendations by
the IPCC, where attempts to reduce vulnerability by increasing the adaptive capacity is the focal
point. The Causal Chain Analysis is used to first state undesirable impacts to a given location
and then tracks the associated causes through intricate cause-effect pathways. Assessments
thereof can then be used to determine how vulnerability against such can be reduced. Reducing
vulnerability can be easily alterable in case adjustments are required due to flaws in future pro-
jections. Alternatively, the methodology of the Projection Analysis, where a historical context is
utilised in order to argue for future adaptive procedures, cannot be considered nearly as robust or
flexible as it is primarily concerned with where past flood surge events have occurred, and not
where they could occur under future conditions, geophysically and socioeconomically. Thus,
according to the Projection Analysis, a given location needs to become flooded before it can be
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included in the probability of future flood risk areas. The Projection Analysis does, however,
contain one of the criteria for robust adaptation in its transparency and ease of implementation
for policy makers. This criteria turns out to be essential, as the EU in its Floods Directive argua-
bly were required to develop a scheme simple enough so that it was manageable by all its Mem-
ber States. However, the methodology used by the EU Floods Directive and, by extension, the
Danish government only meets one of the requirements for robustness and it can therefore not be
considered a competent tool in achieving successful adaptation. Thus, the IPCC fulfils more of

the given criteria for a successful adaptation.

Page 56 of 65



7. Literature

Adger, W. N., Arnell, N. W., Tompkins, E. L., 2004. Successful adaptation to climate change
across scales. Global Environmental Change, 15[2]: 77-86.

Berlingske Tidende, 2013. Risiko for historisk hgj stormflod | Roskilde, Holbak og Hundested.
[online]. Available at: http://www.b.dk/vejret/risiko-for-historisk-hoej-stormflod-i-roskilde-
holbaek-o0g-hundested [Accessed: 4 January 2015].

Bryman, A., 2012. Social Reseach Methods. 4™ edition, Oxford University Press. Oxford, United
Kingdom.

The Danish Coastal Authority, 2011a. Forslag til udpegning af risikoomrader pa baggrund af en
forelgbig vurdering af oversvemmelsesrisikoen fra havet, fjorde eller andre dele af sgterritoriet.

Teknisk baggrundsrapport. Lemvig: Kystdirektoratet.

The Danish Coastal Authority, 2011b. Forslag til udpegning af risikoomrader pa baggrund af en
forelgbig vurdering af oversvemmelsesrisikoen fra havet, fjorde eller andre dele af sgterritoriet.
Teknisk baggrundsrapport. Tekst til Bilag A. Historiske Stormflodshaendelser (Dataark). Lem-

vig: Miljgministeriet.
The Danish Coastal Authority, 2013. Kortleegning af fare og risiko for oversvemmelse. Metode-
rapport. EU’s oversvemmelsesdirektiv (2007/60/EF), plantrin 2. Kystdirektoratet, Transportmi-

nisteriet. 52 pp.

The Danish Coastal Authority & The Danish Nature Agency, 2014. Vejledning til udarbejdelses

af risikostyringsplaner for oversvgmmelse. Kgbenhavn: Miljgministeriet.

The Danish Ministry of the Environment & the Ministry of Transport, 2011a. Forslag til udpeg-

ning af risikoomrader pa baggrund af en forelgbig vurdering af oversvemmelsesrisikoen fra

Page 57 of 65


http://www.b.dk/vejret/risiko-for-historisk-hoej-stormflod-i-roskilde-holbaek-og-hundested
http://www.b.dk/vejret/risiko-for-historisk-hoej-stormflod-i-roskilde-holbaek-og-hundested

vandlgb, sger, havet og fjorde. EU’s oversvammelsesdirektiv (2007/60/EF), Plantrin 1. Miljgmi-
nisteriet, Naturstyrelsen og Transportministeriet, Kystdirektoratet. 78 pp.

The Danish Ministry of the Environment & the Ministry of Transport, 2011b. Endelig udpegning
af risikoomrader for oversvemmelse fra vandlgh, sger, havet og fjorde. EU’s oversvommelsesdi-
rektiv (2007/60/EF), Plantrin 1. Miljgministeriet, Naturstyrelsen og Transportministeriet, Kystdi-
rektoratet. [PDF] Available at:
http://naturstyrelsen.dk/media/nst/Attachments/Udpegningafrisikoomrder NSTKDI.pdf [Ac-
cessed: 4 January 2015].

The Danish Nature Agency, 2010. Reservatfolder nr. 71 - Roskilde Fjord. [online] Available at:
http://nst.dk/publikationer/2010/feb/roskilde-fjord/ [Accessed: 13 December 2014].

The Danish Parliament, 2008. What is a Directive? EU-Oplysningen [online]. Available at:
http://www.eu-oplysningen.dk/euo_en/spsv/all/63/ [Accessed: 4 January 2015].

Directives, 2007. Directive 2007/60/EC of the European Parliament and of the Council of 23
October 2007 on the assessment and management of Flood Risks. Official Journal of the Euro-
pean Union. L 288.

DMI, 2014. Danmarks Klimacenter rapport: Fremtidige klimaforandringer i Danmark. Dan-
marks Meteorologiske Institut. Report number: 6. [online]. Available from:
http://www.dmi.dk/fileadmin/user_upload/Rapporter/DKC/2014/Klimaforandringer_dmi.pdf
[Accessed: 10 November 2014].

Douglas, B. C., Kerney, M. S. & Leatherman, S. P., 2001. Sea Level Rise: History and Conse-
quences. Academic Press, U.S.A.

Encyclopadia Britannica, 2014. Flood. Written by: The Editors of Encyclopadia Britannica.
[online]. Available from http://global.britannica.com/EBchecked/topic/210457/flood [Accessed:
04 January 2015].

Page 58 of 65


http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf
http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf
http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf
http://nst.dk/publikationer/2010/feb/roskilde-fjord/
http://nst.dk/publikationer/2010/feb/roskilde-fjord/
http://nst.dk/publikationer/2010/feb/roskilde-fjord/
http://www.eu-oplysningen.dk/euo_en/spsv/all/63/
http://www.dmi.dk/fileadmin/user_upload/Rapporter/DKC/2014/Klimaforandringer_dmi.pdf
http://www.dmi.dk/fileadmin/user_upload/Rapporter/DKC/2014/Klimaforandringer_dmi.pdf
http://www.dmi.dk/fileadmin/user_upload/Rapporter/DKC/2014/Klimaforandringer_dmi.pdf
http://global.britannica.com/EBchecked/topic/210457/flood

EPA, 2014a. Climate Change Indicators in the United States: Ocean Heat. The United States
Environmental Protection Agency (EPA). [online]. Available at:
http://www.epa.gov/climatechange/science/indicators/oceans/ocean-heat.html [Accessed 4 Janu-
ary 2015].

EPA, 2014b. Climate Change Indicators in the United States: Sea Level. The United States Envi-
ronmental Protection Agency (EPA). [online]. Available at:
http://www.epa.gov/climatechange/science/indicators/oceans/sea-level.html [Accessed 14 De-
cember 2014].

European Soil Bureau, 2000. Altitudes. [online]. Available from:

http://eusoils.jrc.ec.europa.eu/ESDB Archive/serae/GRIMM/erosion/inra/europe/analysis/maps

and_listings/web_erosion/maps_and_listings/altitude a3.gif [Accessed: 3 December 2014].

EXCIMAP, 2007. Handbook on good practices for flood mapping in Europe. European ex-

change circle on flood mapping.

Flato, G., J. Marotzke, B. Abiodun, P. Braconnot, S.C. Chou, W. Collins, P. Cox, F. Driouech, S.
Emori, V. Eyring, C. Forest, P. Gleckler, E. Guilyardi, C. Jakob, V. Kattsov, C. Reason and M.
Rummukainen, 2013. Evaluation of Climate Models. In: Climate Change 2013: The Physical
Science Basis. Contribution of Working Group | to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Al-
len, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA.

GIWA, 2002. GIWA Methodology — Detailed Assessment, Causal Chain Analysis, Policy Op-
tions Analysis. [PDF] Final version; May 5, 2002. [online]. Available at:
http://www.unep.org/dewa/giwa/methodology/GIWA_Methodology DA-CCA-
POA_English.pdf [Accessed: 12 December 2014].

Page 59 of 65


http://www.epa.gov/climatechange/science/indicators/oceans/ocean-heat.html
http://www.epa.gov/climatechange/science/indicators/oceans/sea-level.html
http://www.denstoredanske.dk/Danmarks_geografi_og_historie/Danmarks_geografi/Danmark_generelt/Danmark
http://www.denstoredanske.dk/Danmarks_geografi_og_historie/Danmarks_geografi/Danmark_generelt/Danmark
http://www.denstoredanske.dk/Danmarks_geografi_og_historie/Danmarks_geografi/Danmark_generelt/Danmark
http://www.unep.org/dewa/giwa/methodology/GIWA_Methodology_DA-CCA-POA_English.pdf
http://www.unep.org/dewa/giwa/methodology/GIWA_Methodology_DA-CCA-POA_English.pdf
http://www.unep.org/dewa/giwa/methodology/GIWA_Methodology_DA-CCA-POA_English.pdf

Google Maps, 2015. Map of Roskilde Fjord, Denmark. [online]. Available at:
https://www.google.dk/maps/@55.8145443,12.0058666,10z [Accessed: 4 January 2015].

Harvard University, 1998. How to Write a Comparative Analysis. The Writing Center, The Har-
vard College Writing Program, Harvard University [online]. Available at:
http://writingcenter.fas.harvard.edu/pages/how-write-comparative-analysis [Accessed: 13 De-
cember 2014].

Holden, J. (ed.), 2012. An Introduction to Physical Geography and the Environment. 3" edition.
Harlow: Pearson Education Limited.

IPCC, 2008-2014. About IPCC. Intergovernmental Panel on Climate Change [online]. Available
from: http://www.ipcc-wg3.de/organization-and-tsu/ipcc/about-ipcc [Accessed: November 25,
2014].

IPCC, 2012. Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Report of Working Groups | and Il of the Intergovernmental Panel on
Climate Change [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mas-
trandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. Cambridge
University Press, Cambridge, UK, and New York, NY, USA, 582 pp.

IPCC TAR WG1, 2001. Climate Change 2001: The Scientific Basis. [PDF]. The Intergovern-
mental Panel on Climate Change. Available at: http://www.ipcc.ch/ipccreports/tar/wgl/pdf/ TAR-
13.PDF [Accessed: 12 December 2014].

IPCC TAR WG2 2, 2001. Climate Change 2001: Impacts, Adaptation and Vulnerability. [PDF].
The Intergovernmental Panel on Climate Change. Chapter 2. Available at:

http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf [Accessed: 12 December 2014].

Page 60 of 65


https://www.google.dk/maps/@55.8145443,12.0058666,10z
http://writingcenter.fas.harvard.edu/pages/how-write-comparative-analysis
http://writingcenter.fas.harvard.edu/pages/how-write-comparative-analysis
http://writingcenter.fas.harvard.edu/pages/how-write-comparative-analysis
http://www.ipcc-wg3.de/organization-and-tsu/ipcc/about-ipcc
http://www.ipcc.ch/ipccreports/tar/wg1/pdf/TAR-13.PDF
http://www.ipcc.ch/ipccreports/tar/wg1/pdf/TAR-13.PDF
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf

IPCC TAR WG2 3, 2001. Climate Change 2001: Impacts, Adaptation and Vulnerability. [PDF].
The Intergovernmental Panel on Climate Change. Chapter 3. Available at:
http://www.ipcc.ch/ipcereports/tar/wg2/pdf/wg2TARchap3.pdf [Accessed: 12 December 2014].

IPCC AR4 10.6.1, 2007. Sea Level Change in the 21st Century. [online]. Available at:
http://www.ipcc.ch/publications_and_data/ar4/wgl/en/ch10s10-6.html [Accessed: 3 December
2014].

IPCC AR4 17.3.1, 2007. Assessment of adaptation capacity, options and constraints. [online].
Available at: http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch17s17-3.html [Accessed:
3 December 2014].

IPCC AR4 19.1.2.1, 2007. Conceptual framework for the identification and assessment of key
vulnerabilities. [online]. Available at:
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch19s19-1-2.html [Accessed: 3 December
2014].

IPCC AR5, 2014. Evaluations of Climate Models. [PDF]. The Intergovernmental Panel on Cli-
mate Change. Chapter 2. Available at: http://www.ipcc.ch/pdf/assessment-
report/ar5/wgl/WG1AR5 Chapter09 FINAL.pdf [Accessed: 18 December 2014].

ITIC UNESCO, 2014. Natural Hazard Maps. [online]. International Tsunami Information Cen-
ter. Available at: http://itic.ioc-
unesco.org/index.php?option=com_content&view=article&id=1672&Itemid=1075&lang=en
[Accessed: 4 January 2015].

Lavell, A., M., Oppenheimer, C., Diop, J., Hess, R., Lempert, J., Li, R., Muir-Wood, and S.
Myeong, 2012. Climate change: new dimensions in disaster risk, exposure, vulnerability, and
resilience. In: Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation [Field, C.B., V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. Mastran-
drea, K.J. Mach, G.-K. Plattner, S.K. Allen, M. Tignor, and P.M. Midgley (eds.)]. A Special Re-

Page 61 of 65


http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap3.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap3.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap3.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch10s10-6.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch17s17-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch17s17-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch17s17-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch19s19-1-2.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch17s17-3.html
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/ch19s19-1-2.html
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap14_FINAL.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf
http://www.ipcc.ch/ipccreports/tar/wg2/pdf/wg2TARchap2.pdf

port of Working Groups | and 11 of the Intergovernmental Panel on Climate Change (IPCC).
Cambridge University Press, Cambridge, UK, and New York, NY, USA, pp. 25-64.

Loé, R d., Kreutzwiser, R., Moraru, L., 2001. Adaptation options for the near term: climate

change and the Canadian water sector. Global Environmental Change, 11: 231-245.

Masselink, G. & Gehrels, R. (editors), 2014. Coastal Environments & Global Change. Published
by the American Geophysical Union and John Wiley & Sons, Ltd.

McGuffie, K. & Henderson-Sellers, A., 2014. The Climate Modelling Primer. 4th edition. Wiley

Blackwell.

Municipality of Frederikssund, 2014. Forslag til Kommuneplantilleeg nr. 007 — Tilleeg til Kom-
muneplan 2013-2025 for Frederiksund Kommune — Klimatilpasnigsplan. [online]. Available at:
http://www.frederikssund.dk/Modesag/000750-2014-v2/2073291.pdf [Accessed: 13 December
2014]

Municipality of Roskilde, 2014. Efter stormfloden — en oversight over lgsninger, regler, finan-
siering og process. [online]. Available at:

http://roskilde.dk/sites/default/files/efter _stormfloden_-_en_oversigt.pdf [Accessed: 13 Decem-
ber 2014]

Municipality of Solrad, 2014a. Risikostyringsplan for oversvemmelse af kystzonen (udkast). Vi-
by J: ALECTIA.

Municipality of Solrgd, 2014b. Risikostyringsplan for oversvgmmelse af kystzonen. Teknik og
Miljg, Municipality of Solrgd, created by ALECTIA.

Noble, I.R., S. Hug, Y.A. Anokhin, J. Carmin, D. Goudou, F.P. Lansigan, B. Osman-Elasha, and
A. Villamizar, 2014: Adaptation needs and options. In: Climate Change 2014: Impacts, Adapta-
tion, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group 11

Page 62 of 65


http://www.frederikssund.dk/Modesag/000750-2014-v2/2073291.pdf
http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf
http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf
http://roskilde.dk/sites/default/files/efter_stormfloden_-_en_oversigt.pdf

to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B.,
V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi,
Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R.
Mastrandrea, and L.L.White (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA, pp. 833-868.

Roskilde County, 2005. Indsatsplan for grundvandsbeskyttelse - Solrgd-omradet. [PDF]. Avail-
able at:
http://www.solrod.dk/cms/doks/Afdelinger/Teknisk%20Administration/vandforsyning/Indsatspla
n%20for%20Solr%C3%B8d.pdf [Accessed: 4 January 2015].

Tooley, Michael J. & Jelgersma, Saskia (editors), 1992. Impacts of Sea-Level Rise on European
Coastal Lowlands. The Institute of British Geographers Special Publications Series. Published
by Blackwell, Oxford, UK.

UNEP, 1998. Handbook on Methods for Climate Change Impact Assessment and Adaptation
Strategies. Edited by Jan F. Feenstra, Jan F.; Burton, lan; Smith, Joel B. and Tol, Richard S.J.
Version 2.0. United Nations Environmental Programme (UNEP) and Vrije Universiteit Amster-

dam: Institute for Environmental Studies.

Withgott, J. & Brennan, S., 2009. Essential environment: The science behind the stories. 3 edi-

tion. San Francisco: Pearson Education, Inc.

The World Factbook: Denmark. Europe: Denmark. Central Intelligence Agency (CIA), under the
United States Federal Government. Last updated 22.06.14. [online]. Available at:
https://www.cia.gov/library/publications/the-world-factbook/geos/da.html [Accessed: 3 Decem-
ber 2014].

The World Factbook: Germany. Europe: Germany. Central Intelligence Agency (CIA), under the
United States Federal Government. Last updated 22.06.14. [online]. Available at:

Page 63 of 65


http://www.solrod.dk/cms/doks/Afdelinger/Teknisk%20Administration/vandforsyning/Indsatsplan%20for%20Solr%C3%B8d.pdf
http://www.solrod.dk/cms/doks/Afdelinger/Teknisk%20Administration/vandforsyning/Indsatsplan%20for%20Solr%C3%B8d.pdf
https://www.cia.gov/library/publications/the-world-factbook/geos/da.html

https://www.cia.gov/library/publications/the-world-factbook/geos/gm.html [Accessed: 3 Decem-
ber 2014].

Page 64 of 65


https://www.cia.gov/library/publications/the-world-factbook/geos/gm.html

