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SUMMARY
Various natural and human socio-ecological systems are sensitive for southern
Europe, and thus, it has been identified as the most vulnerable region in Europe, especially in
face of climate change. Relevant adaptation measures have not yet been integrated
effectively into the various regional policies. There have been many climate change impact
studies for member states of the EU, but, vulnerability of various sectors to climate change
has been less extensively studied with the Integrated Assessment Platform (IAP) models. The
CLIMSAVE project, developed for European Commission’s Seventh Framework Programme
aimed at providing an integrated platform for decision makers to access reliable, sciencebased information on the risks of climate change impacts and opportunities for adaptation
for EU. However, there is a definite information gap due to the complexity of the model,
especially on a regional level. Thus, my study aims to assess the regional climate
vulnerabilities for the water sector and flood risks in southern Europe and its countries for
changes in current and future scenarios through a qualitative vulnerability assessment and to
provide relevant policy recommendations for the future.
I took a novel approach of researching my objectives. I first devised a vulnerability
assessment equation based on various definitions of vulnerabilities with help of available
literature, which describes vulnerability as a factor of emission, sensitivity and adaptive
capacity. Then, I addressed the vulnerabilities southern Europe currently facing as well as
reviewed the adaptation policies that are most vulnerable to the sectoral sensitivities of the
IAP in a separate chapter with the help of extensive literature review. I reviewed the
literature for existing climate change impacts and risks faced by southern European regions
as well as the policies currently available for climate change adaptation for these impacts and
risks. The literature review help shortlist the areas of study in southern Europe: Spain,
Portugal, Italy, France and Greece; and, different attributes for the inputs in IAP model:
exposure in terms of climatic and socio-economic scenarios; drivers of impacts as well as
sectoral indicators for water sector and flood risks; and, adaptive capacity indicator. Next, I
carried out a sensitivity analysis using the IAP model ‘IMPRESSIONS’ by the One-Driver-at-aTime (ODAT) approach. This was followed by policy evaluation using the realistic evaluation
method with the help of a multi-criteria analysis to define the success of Phase 1 of the
Adaptation framework.
Sensitivity analysis results indicate water exploitation index, total water use, people
flooded, damages due to flooding, water price increase as the most sensitive water-use and
flood risk indicators for changes in current and future scenarios. Regionally, flood risk
indicators of Italy were deemed to be the most sensitive to climate change impacts, for all
three scenarios. The water sector, however, showed varying results. Spain water-use sector is
most sensitive in Baseline and ROTS scenarios, whereas Greece water-use sector is most
sensitive in Icarus. Evaluation of the Adaptation Framework helped determine the adaptive
capacity of the five southern European countries. For the baseline scenario, Portugal was
reported to have the most adaptive capacity, followed by Spain, France, Italy and Greece. For
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future scenarios, their current adaptation measures were correlated with their scenario
narratives (European SSPs storylines). In Icarus, Greece and Italy fare the worst in terms of
adaptive capacity, followed by France, Spain and Portugal. In ROTS scenario, Portugal has
highest adaptive capacity, followed by France, Spain, Italy and Greece.
I put the results of literature review, sensitivity analysis and policy evaluation, as the
factors ‘emissions’, ‘sensitivity’, and ‘adaptive capacity’, into the vulnerability equation. As a
result I found that for baseline, water-use and flood risk sector of Italy is most vulnerable,
followed by Greece, France, Spain, and Portugal being the least vulnerable. Vulnerability
assessment for Icarus was similar to baseline, with Greece being most vulnerable, followed
by Italy, France, Spain and Portugal. However, in ROTS, Spain is most vulnerable under the
ROTS storyline, followed by Italy, Greece, France, and Portugal. Summing up across the three
scenarios, Italy is the most vulnerable country out of the five studied areas, followed by
Greece, due to their highly sensitive flood risk and water sector and low adaptive capacities
and will most likely remain vulnerable in the future unless some serious adaptive measures
are not implemented. France and Spain are also vulnerable to some extent, but with their
socio-economic status and planned adaptation efforts, their future vulnerabilities can be
managed. Portugal is the least vulnerable due to its current high GDP growth and more
efficient and flexible adaptation policies and will possibly remain less vulnerable in the future.
In conclusion, this study can help set a base for further research on water and flood
vulnerability assessments through the IAP model by using more sectoral indicators (for
different sectors and their cross-linked indicators), drivers and outputs as well as other
temporal and spatial scales. Further research on how the meta-models contribute to the
workings of the IAP model and understanding how autonomous adaptation measures are
included in the model inputs can help assessing the vulnerabilities of even more inter-related
sectors and thus provide for broader adaptation measures. Also, using the same RCP (RCP
4.5) for trend analysis of the vulnerabilities helped demonstrate the socio-economic
heterogeneity of the five study countries, which calls out for encouraging research and
development of regional SSPs.
Thus, my aim to study the vulnerabilities of water and flood risk sector through a
regional and temporal lens was achieved with the help of the IAP model and its pre-defined
climatic and socio-economic scenarios. Overall, the Mediterranean region of southern
Europe is vulnerable and will remain vulnerable in the future, although the degree of
vulnerability of the countries will depend on a mix of different factors related to exposures in
form of heterogeneity of socio-economic conditions, sensitivities to different driving
conditions and the planned adaptation policies that contribute to different adaptive
capacities of the different countries, of which the future is highly uncertain and that might
change the position of vulnerabilities of these regions. I concluded the study with policy
recommendations for adapting to future vulnerabilities of the southern European countries. I
not only provided specific policy recommendations for each study country but also provided
general recommendations for southern Europe to increase its resilience against the potential
climate change impacts in the future.
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CHAPTER 1: INTRODUCTION
The previous decade (2002-2011) recorded the warmest temperatures in Europe
since the pre-industrial average (EEA, 2012). Model projections have shown that Europe
could get 2.5 to 4.0°C warmer by the late 21st century, compared to pre-industrial
temperatures (EEA, 2012a). The chapter on Europe in IPCC’s fifth assessment report projects
an increase in European temperatures in all its emission scenarios. Strongest warming is
predicted for southern European summers and for northern European winters (Kovats et al.,
2014). The EEA Report (EEA, 2012a) guided the IPCC’s fifth assessment report on Europe
using a range of indicators to provide current and future impacts of climate change in
Europe. The current observed impacts and the projected trends on the various natural and
human systems (mostly across Europe) have been summarised in Annex (Table A.1) and
Figure 1.

Figure 1: Observed and Predicted Impacts of Climate Change Across Various Regions
of Europe
(Source: Adapted from European Environmental Agency, 2012)
Since 1980, approximately 1500 floods have been reported in Europe, of which more
than half have occurred since 2000, including flash floods (EEA Website, 2016). This increase
has been attributed to land-use changes and intense and uncertain precipitation events. The
EEA (2012b) reported 2,500 fatalities affecting 5.5 million people and the losses costed over
90 billion euros during 1980-2011. Considering Europe’s water use, 44% of total water
abstraction on an average is used for agriculture, 40% for industry and energy production,
and 15% for public water supply (Collins et al., 2009). Southern European countries use
largest percentage of the abstractions for their agriculture, specifically irrigation. Eurostat
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water statistics (2015) also states issues of water scarcity faced by many European regions,
particularly southern Europe, are due to high-water abstractions for agricultural use. Regions
with low precipitation, high populations or intensive agriculture face climate change risks in
the future with increased pressures on water availability and water management. Southern
Europe has been identified as the most vulnerable region in Europe in terms of climate
change risks (EEA, 2017). There is a dire need to understand the risks and impacts posed by
climate change and the resulting vulnerabilities of the regions.
The integration of climatic and socio-economic scenarios is suggested to be a
pragmatic approach to understand the future climate change impacts (EEA, 2012a). EUprojects like ClimWatAdapt, PESETA-I, ESPON Climate, ClimateCost, etc., have modelled
current trends and extrapolated them to the future climate states, and so, helped map the
current impacts and risks of the different ecosystems and regions across Europe. However,
defining ‘vulnerability’ is challenging. My research, thus aims to, qualitatively elucidate the
vulnerabilities for southern Europe, using the Integrated Assessment Platform (IAP) model as
my core assessment tool, to devise suitable adaptation strategies in the face of climate
change and other extremities.
1.1 DEFINING ‘VULNERABILITIES’
The term ‘vulnerability’ has been defined in several ways by various studies, so I
reviewed the past definitions and then I tried to build my own comprehensive and qualitative
assessment framework. One of the contributors to the earlier definitions of ‘vulnerability’
was Turner et al. (2003) who defined it as “the degree to which a system, subsystem, or
system component is likely to experience harm due to exposure to a hazard, either a
perturbation or stress/stressor.” IPCC (2007) defined climate vulnerability as “the degree to
which geophysical, biological and socio-economic systems are susceptible to, and unable to
cope with, adverse impacts of climate change”. On the same lines, EEA (2012) also defines
climate vulnerability as “an integrated measure of the expected magnitude of adverse effects
to a system caused by a given level of certain external stressors, taking into account feasible
adaptation”. The definition stresses the consequences of the impacts of climate change on
human systems in terms of the adaptive capacity of the affected population. Füssel (2006)
further describes vulnerability as an outcome of four fundamental factors: the system, the
attribute of concern, the hazard, and the temporal reference, as elaborated in Figure 2.
Füssel and Klein (2006) drafted climate vulnerability assessments and defined two
types of assessments: the first generation and the second generation. The first generation
evaluates climate impacts by considering potential adaptation, whereas the second
generation assesses the adaptive capacity of the people, thus highlighting the ‘feasible’
adaptation (H. M. Füssel & Klein, 2006). The benefits of using the second-generation
assessment is that it can estimate vulnerability of certain regions and evaluate the society’s
ability to adapt effectively. Thus, it is more useful for defining vulnerability as well as, the
adaptive capacity of a society. The assessment outline is illustrated in Figure 3.
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Figure 2: Four Dimensions of Vulnerability
(Adapted from Füssel & Klein, 2006)

Figure 3: Second Generation Vulnerability Assessment
(Adapted from Füssel & Klein, 2006)

13

Metzger et al. (2008) explored the various definitions and articulated that the
vulnerability of a region is dependent on “a particular ecosystem service at a particular
location (e.g. grid cell) under a certain scenario and at a certain point in time”. Thus, it defines
vulnerability as a function of exposure, sensitivity and adaptive capacity as explained in Eq.1:
𝑉 = 𝑓(𝐸, 𝑆, 𝐴𝐶) ………….. Eq.1
(where V is the vulnerability, E is the exposure, S is the sensitivity, AC is the adaptive capacity)
Source: Metzger et al., 2008
Other studies have also assessed vulnerability of a region as the function of these
three parameters (IPCC, 2007; Glick et al., 2011; Nasiri et al., 2016). Metzger et al. (2008)
provides elaborate definitions of the equation parameters, which will be further used in my
study. These are:
 Exposure: “The nature and degree to which ecosystems are exposed to environmental
change”
 Sensitivity: “The degree to which a human-environment system is affected, either
adversely or beneficially, by environmental change”
 Adaptive capacity: “The potential to implement planned adaptation measures”
I will use Eq.1 in my research to qualitatively describe sectoral vulnerabilities for southern
European regions. To do that, I have modified the definitions to fit with the attributes of the
IAP model. So, ‘Exposure’ refers to the climatic and socio-economic scenarios, ‘Sensitivity’ is
described by the impacted human-environment systems and the ‘Adaptive Capacity’ will be
defined by the strength of the current policies of the sensitive systems. On basis of spatial
and temporal vulnerabilities for southern Europe, I intend to provide relevant policy
recommendations.
1.2 PROBLEM STATEMENT
Various natural and human socio-ecological systems are most vulnerable for southern
Europe, especially for water sector and the flood risks. Climate-change adaptation measures
have not yet been integrated effectively into the various regional policies and this is a
problem, particularly since EU ratified to Paris Agreement. One of the agreed upon objectives
of the Protocol was encouraging climate-resilient sustainable development through policies
that decrease vulnerability and increase the adaptive capacity of the countries (COM(2015)
81 final/2). Even though integrating climate change impacts and adaptation measures into
existing EU sectoral policies is a key aim, there is a knowledge gap about the current
sensitivities of water sector and flood risk indicators to changes in socio-economic factors on
a regional scale as well as on a temporal scale.
To narrow down the sensitive parameters, I use a climate model as my aid. The
ClimSave project constitutes the newly designed model (the Integrated Assessment Platform
or the IAP) and is being upgraded with the fast-changing socio-economic conditions of
Europe (IMPRESSIONS). However, within these Integrated Assessment Models (of which the
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IAP is one), vulnerability of various sectors to climate change has been less extensively
studied. Most of the follow-up studies concentrate on the uncertainties within the model,
and that too for the whole EU. CLIMSAVE project also aims to assess the ‘vulnerability
hotspots’ across Europe, but there is a definite information gap due to the complexity of the
model, especially on a regional level. Thus, my study aims to not only provide a clearer
understanding of the current vulnerabilities in southern Europe but also to predict the future
regional vulnerabilities.
1.3 OBJECTIVES AND RESEARCH QUESTIONS
My study’s main objective is to assess the regional climate vulnerabilities for the
water use and flood risks in southern Europe and its countries for changes in current and
future scenarios through a qualitative vulnerability assessment and to provide relevant policy
recommendations for the future. To clarify, my study looks at southern Europe through a
regional lens of few southern European countries. These have been selected on basis of
specific parameters as described in Chapter 3. So, my objective and research questions are
focused on the selected southern European countries to attain a regional assessment as well
as understand vulnerability in entirety for southern Europe. To meet my objective, I address
the following research questions:
RESEARCH QUESTIONS
RQ 1: What vulnerabilities is southern Europe currently facing?
RQ 2: Which sectoral indicators are the most sensitive as per the IAP model for southern
Europe with respect to changes in climatic and socio-economic factors?
RQ 3: What current climate-change adaptation policies exist for southern Europe?
RQ 4: Which adaptation policies are most vulnerable to the sectoral sensitivities of the IAP?
RQ 5: What are the current and future vulnerabilities of water and flood sectors of southern
Europe and corresponding countries?
1.4 WORKFLOW OF THESIS
Given below (Figure 4) is the workflow of my thesis, explaining the basic outline of the
research. Each step corresponds to each research question. However, some of the steps of
the flowchart re-iterate to the previous steps, since results of each step, will help derive the
results of the previous step. I start my research by providing base knowledge with literature
references about impacts of climate change on Europe, defining the term ‘vulnerabilities’ of a
system as well as designing an equation for its assessment and finally, discussing why this
research is needed through a problem statement and research objectives (including specific
research questions that will act as a stepladder for reaching the objective). But before I start
to answer my research questions, I need to provide a background on the ClimSave project
and workings of the IAP model so that the reader understands the core-tools of my research.
To understand the model, I described its base design, including the drivers, sectors, scenarios
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and the integrated meta-models in detail (Chapter 2). Knowing which meta-model controls
which indicator is important to predict a preliminary change in driver settings of the IAP
model and its impacts on various sectors.
I then start my research with an in-depth literature review on current and future
impacts and risks faced by Europe due to various climatic and socio-economic changes, and
thus could predict current vulnerable regions of Europe which justify my selection of
southern Europe and relative countries as my study area. I answer RQ 1 and 3 in a different
chapter (Chapter 3) with its own introduction, methodology, results and conclusions, derived
through a detailed literature analysis. Studying the various impacts and risks faced by
Southern Europe and its countries also helped me to narrow down the choice of key
vulnerabilities of the region as well as help choose the important climatic and socio-economic
drivers and sectoral indicators for the sensitivity analysis for RQ 2. I also did an extensive
literature review of the current EU policies for climate change adaptation for the water
sector and flood risks (Chapter 3, Section 3.2) for answering my RQ 3. This policy review
helped build a base for policy evaluation for RQ 4. Research methods devised for RQ 2, 4 & 5
are described in detail in Chapter 4. The outcomes of sensitivity analysis (RQ 2) and policy
evaluation (RQ 4) helped me shortlist sensitive indicators and adaptive capacity of study
regions. Using these outcomes, I did a vulnerability assessment for RQ 5. The vulnerability of
the southern European countries for changes in current and future conditions will depend on
the outcomes of all the research questions together.

Figure 4: Basic Outline of The Research
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CHAPTER 2: BACKGROUND
The Integrated Assessment Platform (IAP) model is an important tool in my study, so,
it is necessary to give a brief background on its workings and the meta-models involved. I will
be describing the different climatic and socio-economic scenarios used in my research. I
provide a brief understanding of the version 1 of the IAP model (called ClimSave) and the
updated IAP 2 model (called IMPRESSIONS) to promote the replication or extrapolation of
this research further.
2.1 STRUCTURE OF THE IAP MODEL
Climate systems are the product of complex interactions between the land, the
oceans and the atmosphere and thus, modelling the future climate has usually high
uncertainties, especially at regional levels. These uncertainties are further enhanced by
interference of human systems, including socio-economic and technological development.
On a regional scale, climate change impacts on human systems and ecosystems are factored
by changes in economic, demographic, technical, institutional and cultural aspects (EEA,
2012a). With the advent of the various models like the ClimSave project, European
stakeholders could have the liberty to assess climate-change impacts and relative
vulnerabilities with an interactive, web-based interface.
The ClimSave project, developed for European Commission’s Seventh Framework
Programme (January 2010 - October 2013), aimed at providing an integrated platform for
decision makers to access robust and factual information for assessing the risks of climate
change impacts and thus, providing opportunities for adaptation (Harrison et al., 2015).
ClimSave includes a range of drivers and sectors. Two climatic scenarios and four socioeconomic scenarios were developed with various stakeholders using fuzzy set theory
(Alcamo, 2008): ‘We are the World’, ‘Icarus’, ‘Riders on the Storm’ and ‘Should I stay or
Should I go’ (Harrison et al., 2015). Brown et al. (2015) reported that the scenarios ‘Icarus’
and ‘Riders on the Storm’ produced very divergent results for food and water sector
indicators whereas ‘We are the World’ and ‘Riders on the Storm’ are very similar. Hence, it
will be interesting to study the diversity of ‘Icarus’ and ‘Riders on the Storm’ in this study.
To study the flood risks and water use, I analysed the interactions of three metamodels: ‘Fluvial and Coastal Meta-model’ (CFFlood), the ‘WaterGAP water resources and
water use meta-models’ (WGMM) and the ‘The Regional Urban Growth meta-model (RUG)’.
The Coastal Fluvial Flood meta-model (CFFlood) aims to estimate the impacts of
future flooding for Europe’s coasts and fluvial floodplains, which will be due to climate
change and sea level rise. The model analyses the user-defined socio-economic and climatic
changes to account for various human pressures and define the climate change impacts of
future scenarios. The meta-model is made of three sub-components, namely, coastal flood,
fluvial flood and habitat change/loss component. The coastal flood and fluvial flood subcomponent analyses the impacts of coastal and fluvial floods by studying specifically GDP
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growth, population growth and number of people at risk of flooding in urban and non-urban
areas. The meta-model takes into consideration various socio-economic indicators, out of
which I will specifically focus on temperature change, precipitation changes, sea level rise,
population change, GDP change and level of flood protection. The sectoral indicators that
CFF studies are people affected, damages occurred and areas at the risk of flooding. The CFF
meta-model works in close association with the other meta-models of the IAP, these being
RUG urban meta-model, WGMM, SFARMOD agricultural land use model and the SPECIES
biodiversity model. Similarly, the main objective of the Water Gap meta-model (WGMM) is to
assess the impacts of climate change on water resources and water use in Europe. The metamodel studies the global hydrology and global water use to determine the future impacts on
water sector through its two subcomponent models. It downscales the association of water
use intensity and GDP/capita for each country to river basins according to the spatial urban
population across Europe. The meta-model considers various climatic and socioeconomic
drivers like temperature change, precipitation change, population growth, GDP growth,
water savings due to technological and behavioural changes and changes in irrigation
efficiency to provide output parameters like water availability, total water use, water stress
indicator, etc. Even though, WGMM works in association with SFARMOD, however, water use
in the agricultural sector is not covered in the WGMM since it is calculated by the agricultural
land use meta-model SFARMOD. Instead, the output of total water use by WGMM is used by
SFARMOD to estimate the water use in agricultural sector. The Regional Urban Growth model
(RUG) aims to calculate urban growth as a function of socio-economic changes and societal
values. RUG calculates the relative changes in artificial surfaces in comparison to baseline by
user-defined socio-economic inputs like population and GDP percentage change,
attractiveness of the coast (scenic value versus flood risk) and strictness of the planning
regulations, to derive inputs for CFFlood and Water Gap meta-models.
However, ClimSave is unreliable locally and local governing bodies should necessarily
be well-equipped for planning specific adaptation strategies. Figure 5 below provides a
diagrammatic overview of the meta-models of the IAP and their linkages to each other. The
meta-models marked with red dash lines shows the meta-models referred in this study.
The ClimSave IAP assess vulnerability of a human-environment system by calculating
the exposure and the coping capacity present in the system. Dunford et al. (2014) described
the vulnerability hotspots across Europe using different ClimSave scenarios. His study
compared the storylines ‘Riders on the Storm’ and ‘We are the World’ for 2050 and realized
that the latter will likely lead to lower coping capacities in the UK, Austria, Portugal, Italy and
northern parts of Spain as compared to the ‘Riders’ scenario. In the high vulnerability case
(GFCM21, high emissions, Icarus scenario, 2050s), 81% of the area and 88% of the baseline
population is vulnerable to at least one sector in Europe (Dunford et al., 2014). The study also
reported significant areas of Scandinavia, France, Spain, Italy, Lithuania, Romania, Bulgaria
and Greece were vulnerable to more than one sector due to their low coping capacities,
whereas central European and Nordic countries have low vulnerabilities due to their high
adaptive capacities (Dunford et al., 2014).
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Figure 5: A Basic Outline of Meta-Models Within ClimSsave
2.2 IMPRESSIONS SCENARIOS
The ClimSave project was followed up by the IMPRESSIONS project. The major
difference is in the socio-economic scenarios considered for evaluation (Kok & Pedde, 2016).
The climate data for both versions use the CRU 1961-1990 baseline data. In the IMPRESSIONS
model, the scenarios selected were the global scenarios consisting of Representative
Concentration Pathways (RCPs) and Shared Socio-economic Pathways (SSPs). Stakeholders
were involved to downscale the global SSPs to European SSPs and to compare them with the
existing ClimSave scenarios. In my study, I look at two the two European SSPs: SSP 3 and
SSP4. SSP 3 is comparable to the ‘Icarus’ scenario of ClimSave (called Icarus, henceforth) and
SSP4 is like the ‘Riders on the Storm’ scenario of ClimSave (called ROTS or Riders from here
on). Since, I want to analyse the sectoral sensitivities for the future, I choose 2050 as my
study time frame, since 2020 represents more or less the current scenario and 2070 and
2100 are too uncertain to predict the adaptation polices for.
As per IMPRESSIONS (Kok & Pedde, 2016), Icarus is characterised by disintegration of
social fabric from the years 2040-2070 as well as an increase in resource use intensity and
fossil fuel use due to lack of economic resources and weak government institutions. In
comparison, ROTS has a strong technology development and high-tech economy and sectors
during 2040-2070. Even though the EU on a whole is going strong, power is concentrated
with a small group of political and business elites, leading to increasing conflicts in poorer
regions of Europe. Environmental respect, in general is low for Icarus and high for Riders,
which is why I have chosen these two contrasting scenarios to analyse. There is also a stark
difference in adaptation options for flooding risks and water-sector in the two scenarios, as
explained in Table 1 below:
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Table 1: Adaptation Option Settings (By Default) In Icarus And Rots
Adaptation Options
Icarus
ROTS
Spatial planning
High
Medium
Limit coastal development
High
Low
Improve flood deficiencies
Low
High
Reduce water demands
Low
High
Reduce water use
Low
High
Prioritise water demand
Medium
Low
Improve irrigation efficiency
Low
High
Reduce flood impacts
Low
High
However, for choosing the future scenarios to be analysed, it is important to look at
the combinations of RCP and SSP scenarios (called RCP x SSP) to better describe the
integrated scenarios from a climatic as well as socio-economic viewpoints. IMPRESSIONS
project delivers enough knowledge on the characteristics of various RCP X SSP combinations,
which makes it easier for me to choose the combination that will fit with my study objectives.
RCP 4.5 X SSP 4 and RCP 4.5 X SSP 3 has low mitigation challenges but high adaptation
challenges (Kok et al., 2015) and thus I choose these two combinations for my sensitivity
analysis.
The model (as shown in Figure 6) inputs include timeline selection, climate settings
and socio-economic settings. I have shortlisted and selected the timeline (i.e. 2050) and two
scenarios (RCP 4.5 X SSP 3 and RCP 4.5 X SSP 4). However, to select the input drivers, it is
necessary to define the current sensitivities of southern Europe and select the possible
vulnerable regions accordingly. Hence, an extensive literature study of the area is required.

Figure 6: The IAP Model: IMPRESSIONS
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CHAPTER 3: LITERATURE REVIEW OF THE STUDY AREA
The first research question of my study is ‘what vulnerabilities is southern Europe
currently facing?’. To answer it, I dive into literature review of the existing climate change
impacts and risks faced by southern European regions. The third research question asks,
‘what current climate-change adaptation policies exist for southern Europe?’, for which I
again review the policies currently available for climate change adaptation for the current
impacts and risks faced. Thus, this chapter deals with data about the sensitive systems and
regions of southern Europe and how the current policies deal with that.
3.1 CLIMATE VULNERABILITIES ACROSS SOUTHERN EUROPE
To understand vulnerabilities of southern Europe, it is necessary to explore the
literature of current impacts and future risks of climate change on climate-sensitive systems
and regions. The factors that drive vulnerability of any sector or region are: drivers of change;
magnitude of their impacts; the importance of the systems at risk; as well as the systems’
potential for adaptation. Vulnerabilities of a region is assessed using socio-economic,
environmental and institutional indicators as described by the IPCC framework
(Oppenheimer et al., 2014). The socio-economic and environmental indicators will help
determine the sensitive sectoral indicators that can be further used in Eq.1. Institutional
indicators refers to the role of governance (Oppenheimer et al., 2014) and is assessed by
evaluating a region’s planned adaptation and/or mitigation strategies to risks and impacts,
thus providing us with adaptive capacity of the regions. All three indicators together
determine the average vulnerability of a region or a sector.
This chapter has three sub-sections. In sub-section 3.1.1, I profile the current regional
climatic and socio-economic vulnerabilities based on the available literature and data of
climate change risks and impacts to narrow down the key sectors and region for studying
vulnerabilities of southern Europe. The key vulnerabilities are further explained by studying
the risks and impacts of those sectors in chronological order (past, present and future trends)
in sub-section 3.1.2 to narrow down the choice of environmental and socio-economic
vulnerabilities. Sub-section 3.1.3 deals with regional vulnerabilities of southern Europe to
understand the adaptive capacity of southern European countries.
3.1.1 PROFILING VULNERABILITIES
The recent EEA report (2017) emphasized that southern Europe is one of the hotspot
regions of vulnerability in Europe with highest number of affected sectors and highest
projected damage costs due to climate change. Increased frequency and severity of
droughts, forest fires and river floods will be a factor for increased irrigation demand,
decreased crop yields, decreased biodiversity, decreased forests in the future and will pose
adverse impacts on socio-economic wellbeing. One of the major points to ponder upon is
that the competition between different water users is expected to increase (EEA, 2017).
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Thus, southern Europe has been termed as ‘climate change hotspot’ (EEA, 2017). Metzger et
al. (2008) also reorted that the Mediterranean countries currently have a lower adaptive
capacity, even though the GDP growth is projected to increase for all the European countries
as per the IPCC SRES scenarios (IPCC, 2007). IPCC’s fifth assessment report on Europe (Kovats
et al., 2014) confirms with high confidence that southern Europe is vulnerable to climate
change and various sectors, like tourism, agriculture, forestry, infrastructure, energy, and
human health, will be negatively affected. High to medium negative aggregate impacts of
climate change (including physical, social, cultural, environmental and economic) were
reported for France, Spain, Portugal, Italy, Slovenia, many parts of Eastern Europe and
Scandinavian countries (Bouwman et al., 2013). In addition, an IPCC Technical paper on
‘Climate Change and Water’ (Bates et al., 2008) emphasized that water availability and
quality will be a main pressure for societies and environment in southern Europe under
climate change. The growing population and increasing GDP has been a major cause of the
increased water requirements. Irrigation is also one of the dominant sectors in terms of
water use for southern Europe, constituting 60% of total abstractions (EEA, 2012b).
Historically, water scarcity has always been an issue in southern Europe. Current data on river
basin water exploitation indices (WEIs) submitted by European Commission’s assessment on
water scarcity and drought (European Commission, 2007) shows several river basins to have
extremely high WEIs, indicating an extreme water stress in southern regions. Eurostat water
statistics (2015) indicate current water scarcity and stress in southern Europe which call out
for increased irrigation efficiency gains to prevent seasonal water shortages. Recently, the
European Commission and the EEA have launched a database known as Water Information
System for Europe (WISE) for storing collective data and information by the EU institutions to
serve several stakeholders. The EEA report on water resources (Collins et al., 2009) mentions
factors like population, tourism, income, technology, and consumer behaviour to be some of
the main factors driving water demands; and suggests measures like ensuring agricultural
subsidies and investing in new technologies for increasing water use efficiency. Annual
precipitation and annual river flows, both show a decreasing trend for southern Europe,
indicating increased water stress for the region in the future (Collins et al., 2009).
I have tried to review the current vulnerabilities based on impacts and risks due to
current climatic and socio-economic conditions. Table 2 below describes the drivers of
current vulnerabilities across southern Europe (the symbol + represents increase and the
symbol - represents decrease).
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Table 2: Drivers of Vulnerabilities
Drivers

Trend of
change

Impacts & Risks

Literature
Reference

Vulnerability
indicators

+

economic losses due to
floods

(Barredo, 2007) Socio-economic

+

Increasing drought risk

(European
Environmental
Agency, 2005)

Environmental

+

Substantial impact on
agriculture

(European
Environmental
Agency, 2005)

Environmental

+

Mountain cryospheres
(European
and ecosystems are highly Environmental
sensitive to climate
Agency, 2005)
change

Environmental

+

Increasing demands for
water, thus increased
risks to droughts

(Menzel et al.,
2007)

Socio-economic

Change in
agricultural
yields

+

Increase in demand for
irrigation which could
lead to high risks of
droughts

(European
Environmental
Agency, 2005)

Socio-economic

Change in
irrigation
efficiency

-

Huge water loss could
lead to high risks of
droughts

(European
Environmental
Agency, 2005)

Socio-economic

+

Hydrological extremes

(European
Environmental
Agency, 2005)

Environmental

+

Deterioration in water
quality and availability

(Oppenheimer
et al., 2014)
(Lallana &
Marcuello,
2004)

Socio-economic

+

Threat to urban cities and
its population,
agriculture, soil quality,
etc.

(Gao, Pal, &
Giorgi, 2006)
(Llasat et al.,
2010)

Environmental &
Socio-economic

Population
change

Flood events
(Coastal +
Fluvial)
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3.1.2 KEY VULNERABILITIES FOR SOUTHERN EUROPE
Even though annual precipitation has reportedly decreased in southern parts of
Europe, future projections are highly uncertain and vary seasonally and regionally (Kovats et
al., 2014). To understand the key vulnerabilities of water-sector and flood risks of southern
Europe, I look at the past, present and future estimations of climate change impacts and
risks.
As seen from the literature review in sub-section 3.1.1 (and Table 2), coastal and
fluvial floods are one of the key drivers of vulnerability in southern Europe in the face of
climate change. Flash floods have been a major concern for Mediterranean countries.
Ducrocq et al. (2014) reported extreme flash floods in the Mediterranean regions like Liguria
and Piedmont in Italy, Cévennes-Vivarais-Roussillon in France, and Catalonia and the
Valencian province in Spain to be particularly exposed. Dominating atmospheric low level
flow circulation patterns in association with the orientations of the northern Mediterranean
coast which force convergence and trigger convection might be the one of the reasons of
these flash floods (Ducrocq et al., 2014). Current statistics (1998-2009) show that floods
have resulted in more than 1100 deaths, displacing more than half a million people and
costing more than 50 million euros in losses (EEA, 2011). Hinkel et al. (2010) conducted trend
studies for future coastal floods for EU and estimated economic losses of 17 billion euros per
year by 2100 without adaptation. He further reported Netherlands, Germany, France,
Belgium, Denmark, Spain, and Italy to be at risk (Hinkel et al., 2010).
Water sector is also highly vulnerable in southern Europe. Menzel et al. (2007)
projected water stress in southern Europe to increase under climate change, mostly due to
increase in irrigation demands and decrease in summer precipitation. Gaume et al. (2009)
observed higher occurrences of flash floods in the Mediterranean region happening mostly
during autumn-winter months. Marchi et al. (2010) also supports that the Mediterranean
faces a risk of intense flash flood phenomenon. Also, Hall et al. (2015) reviewed the previous
flood studies for Mediterranean areas and concluded that even though there has been a
general decrease in annual flooding trends for southern countries, the occurrences of flash
floods have increased. Hall’s review took the examples of studies like: Llasat et al. (2010)
reported increased flash floods during the period 1982–2007 in Catalonia; Po river in Italy has
had floods occurring in clusters during 1920-2009 (Montanari, 2012); Diakakis (2014) has
reported increased flood frequency for Athens, Greece for the period 1880-2010. Current
situation is also evident through news reports of various flash floods across Spain, Portugal,
Italy, Greece and France in the recent times (EuroNews, 2016; Telegraph, 2017; BBC, 2015;
BBC, 2016; Climate Change Post, 2017) which indicate increased flood risks due to increasing
extreme autumn-winter precipitation across southern Europe.
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3.1.3 REGIONAL KEY VULNERABILITIES
Analysing through a regional lens, I describe the sectoral climate vulnerabilities of
individual countries across southern Europe, to narrow down my choices of the study area.
Italy, for instance, has and will have high stress on water resources and alterations of its
hydro-geological regime, leading to decreased water availability in summers but increased
risks of landslides and flash floods, especially in Po River valley, the Alpine and Apennine area
(Carraro & Sgobbi, 2008; Medri et al., 2013). Also, extreme weather events coupled with sealevel rise will lead to increased risks of coastal floods and soil-erosion of the coasts (Medri et
al., 2013). An economic assessment by Foundation Eni Enrico Mattei (Carraro & Sgobbi,
2008) indicates a GDP loss of 0.16%-0.20% for a +1.2°C temperature rise scenario, mostly due
to flood risks and water scarcity. Spain also faces risks of coastal flooding and erosion and the
most vulnerable regions are Andalucía (41% erosion), Cataluña (33% erosion) and Valencia
(26% erosion) (National Institute for Coastal and Marine Management of the Netherlands,
2004). Water shortage is also a major issue in Spain leading to reduction in the input of
waters to the river. During 1996 to 2005 severe reduction has been reported in areas like
Segura basin (40% loss), Guadiana and internal basins of Cataluña (20% loss) (Barnett et al.,
2004). In spite of the water shortages, the consumption levels have continually increased,
especially for irrigation, for example in Guadalquivir River (for olive trees and vineyards) and
in the basins of the Duero, Tajo, Guadiana and Jucar rivers (for irrigation of vineyards)
(Barnett et al., 2004). The current data on WEI indicates that Spain has highest national WEI
at 34%, with some of its river basins having extremely high WEIs, like Andalusia (164%) and
Segura (127%). Trend analysis studies like a study by Vandecasteele et al. (2014) predict high
water withdrawals in Spain and France, northern Italy, and the UK by 2030, mainly due to
increased population and tourism and another study by Forzieri et al. (2014) studied
streamflow scenarios from 1961 to 2100 under the IPCC SRES A1B scenario and predicted
that droughts in southern Europe will become more severe due to climate change and
intensive water consumption. Uneven seasonal precipitation has been a concern for
Portugal, which is also one of the most impacted areas of southern Europe.
Carvalho et al. (2014) reported that currently only 7% of the annual precipitation falls
during summer (June-August) and 42% falls in winter (December-February), making Portugal
one of the climate change hotspots as one of the driest areas of Europe. About 1,000 km of
Greek coastline is highly vulnerable to climate change since sea level is estimated to rise by
0.2m to 2m by 2100 (Bank of Greece, 2011). Warmer and drier regions pose a threat to the
Greek urban areas in forms of flash floods and heatwaves (Giannakopoulos et al., 2009). The
Iberian Peninsula, France and Italy have shown trends of drought severity in past few
decades (EEA, 2017). Absolute highest losses from extreme climatic events have been
reported in Germany, Italy and France (EEA, 2017). Centre for Research on the Epidemiology
of Disasters (CRED, 2016) reported that heat waves in 2015 caused 3,295 deaths in France.
The project IMPACT2C (2015), funded by the EU, reported Iberian peninsula, south & central
France and Italy have highest number of negatively affected sectors under climate change.
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Considering the high risks faced by southern Europe and its countries, be it the water
scarcity and water stress, accompanied by uncertainties in coastal and fluvial flooding, as well
as, the recent reports of increasing occurrences of flash floods in the Mediterranean region, I
chose southern Europe as my study area for vulnerability assessment and the sectoral
indicators of water-use and flood risks as the sensitive issues. I will study the Iberian
Peninsula (Spain and Portugal), the Italian peninsula, France and Greece in particular.
However, to define the vulnerabilities of the regions for water sector and flood risks in
southern Europe, I also need to look at the current adaptation measures that exist (see Eq.1).
The next section considers the current adaptation measures being integrated into policies for
the sensitive sectors. Unfortunately, future trends of flood risks and water quantity are not
predicted in the Flood Directives’ and Water Framework Directives’ guidelines and research
and related funding for such studies are minimal in southern Europe.
3.2 ADAPTATION MEASURES IN SOUTHERN EUROPE
The European Commission designed a detailed framework for adaptation measures
and policies, called the ‘White Paper for Adapting to climate change: Towards a European
framework for action’ (COM(2009) 147 final), to reduce the EU’s vulnerabilities to the
impacts of climate change. The Adaptation Framework emphasizes on promoting strategies
for increasing resilience to climate change impacts through improving the management of
particularly water resources and related ecosystems. In December 2009, EU member states
further adopted a ‘Guidance document on adaptation to climate change in water
management’ (European Commission Environment, 2009) to ensure climate proofing of river
basins. Follow-up impact assessments (COM(2009) 147 final) have been performed for linking
the role of water and related ecosystems to the impacts of climate change to the socioeconomic status of its populations and the roles of man-made pressures . Recommendations
included that climate change is considered in the implementation of the EU Water
Framework Directive and the Floods Directive.
The Water Framework Directive (WFD) was adopted in 2000, following the issues of
quality and quantity of EU’s rivers and lakes, groundwater and coastal beaches. River basin
management was deemed as the “best model for single system water management”
(COM(2009) 147 final), and thus, a ‘river basin management plan’ (RBMP) was established
and was planned to be updated every six years. Following the WFD, the EU Floods directive
(FD) came into force in 2007 to assess the flooding risks of all water sources and coastal areas
and map humans at risk in such areas, as well as strategize the measures accordingly.
Analysing the policy measures through a regional lens, I describe below the regional
adaptation measures for each country in my study area (southern Europe). For Spain, water
scarcity and droughts have been a major discussion topic for all their river basin districts
(RBDs) and has been discussed elaborately in their RBMPs (SWD(2015) 56 final). The plans
not only describe the measures for water use, but also acknowledge measures against
flooding, like flood management and measures to prevent and reduce flood impact.
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However, they lack real water consumption data and do not address specific measures for
floodplain restoration, natural water retention measures, river channelling, dam
infrastructure. The WFD implementation in Portugal is done through three different
administrative jurisdictions, namely, mainland Portugal (PTRH1 to PTRH8) and the Azores
(PTRH9) and Madeira (PTRH10) (SWD (2015) 55Final). Water scarcity is a relevant issue for all
their RBDs, especially for PTRH5 and droughts have been relevant in PTRH7 and PTRH8 (SWD
(2015) 55 Final). Flood protection is mentioned in heavily modified water body lakes, and
climate change scenarios are equipped with flooding risks but, hydro-morphological
pressures don’t include flooding, thus lacks adaptations for it. Greek RBMPs mention water
scarcity and droughts in terms of Standard Precipitations Index (SPI) and the Water
Exploitation Index (WEI) indicators, but flood management has rarely been mentioned, even
though Greece faces high risks of flooding. Water quantity and its management doesn’t
appear in the RBMPs and implementation of WFD or FD is not mentioned (SWD(2015) 54
final). Italy not only faces risks of water scarcity & droughts, but is also prone to extreme
floodings. Their RBMPs mention these risks, but there is only few references to the
management of flood risks under the Floods Directive (SWD(2012) 379 Final). Similarly, water
scarcity and droughts have been considered relevant issues in several French RBDs and the
French RBMPs have identified measures to tackle these issues. However, flood risk
management takes a backseat on the RBMPs. Few hydro-morphological measures that have
been considered to address floods include increasing the flood plains, removing the hard
infrastructures, regulating water, enforcing bank regulations as well as constructing retention
embankments and other soft nature-based structures (SWD(2012) 379 Final).
Considering the various policy & relevant measures being applied for water use and
flood risks across southern Europe, it is important to evaluate the adaptation policies further,
especially in the face of climate change. Mickwitz (2006) justifies environmental policy
evaluation by two separate functions: learning & development and accountability.
Accountability helps rationalising whether the stated goals are achieved or not. The Fifth
Environmental Framework programme has stressed the need for policy evaluations on a
regular basis and suggests for appropriate remedial measures to be taken (European
Environment Agency, 2001). Keeping this in mind, I intend to evaluate the Adaptation
Framework (COM(2009) 147 final) to understand the institutional vulnerabilities (or adaptive
capacity) of southern European countries which would ultimately help determine the future
vulnerabilities for the regions. The methodology and results of the evaluation have been
explained in Chapter 3 and Chapter 4 respectively.
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3.4 OUTCOMES
Reviewing the literature helped to derive the drivers of impacts, sensitive sectoral
indicators for water use and flood risks as well as adaptive capacity indicators. Table 3 shows
the data I will be using as my model attributes further in this research. For understanding
‘vulnerability’ through the IAP model, I referred to the study by Metzger et al. (2008) to link
the factors of vulnerability (as in Eq.1) to the model attributes.
Table 3: Model Attributes and Values Used for Vulnerability Assessment
(Metzger et al., 2008)
Term
Assessment
Model Attributes
Values & indicators used
Method
Exposure
Climatic and
- Choice of RCP
- RCP = 4.5
socio- Choice of Scenarios: Indicators: Temperature change,
economic
Baseline and SSPs
Winter Precipitation, Summer
scenarios
Precipitation, Sea level rise
- Baseline scenario of the
IMPRESSION model
- SSPs = SSP 3 (Icarus) and SSP 4
(Riders on the Storm)
Indicators: GDP Change, Population
Change, Water savings due to
behavioural change, Changes in
irrigation efficiency, Strictness of
Spatial Planning, Attractiveness of
coast, Level of Flood Protection
Sensitivity
Impacted
-Sectors
1. Flood risk indicators
human(Sectoral indicators)
- Area at risk of flooding (ha)
environment
-Threatened people (x100 persons)
systems
- People flooded (x100 persons)
- Damages due to flooding (KEuro)
2. Water-use indicators
- Water availability (mill. mÂ³/a)
- Water price increase (%)
- Water exploitation index
- Total water use (mill. mÂ³/a)
(Table 4 relates these sectoral
indicators to their respective metamodels in the IAP)
Adaptive
Strength of
Evaluation of current Policy Framework selected:
capacity
policies
policy based on
Adapting to climate change:
sensitive waterTowards a European framework for
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based indicators
across Southern
Europe and
projecting its future
capacity

action (COM(2009) 147 final)
(also called the Adaptation
Framework)

Table 4: Selected List of Indicators and Respective Meta-Models
Sectoral Indicators

Meta-models used

Area at risk of flooding (ha)

CFFlood + RUG

Threatened people
(x100persons)
People flooded (x100persons)

CFFlood + RUG

Damages due to flooding
(KEuro)
Water availability (mill. mÂ³/a)

CFFlood + WGMM

Water price increase (%)

WGMM

Water exploitation index

WGMM

Total water use (mill. mÂ³/a)

WGMM + SFARMOD

CFFlood + RUG

WGMM

In conclusion, literature analysis helped derive the sensitive sectoral indicators for
flooding and water-use for southern Europe and its countries which are described in Table 3.
However, to assess the degree of sensitivity of these indicators to the changing climatic and
socio-economic factors for different scenarios a sensitivity analysis will be carried out using
the IAP model, which will be followed by policy evaluation to derive the adaptive capacity of
the study regions. The methodology for that is explained in the next chapter so the study is
easy to replicate.
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CHAPTER 4: RESEARCH METHODS
In this chapter, I will tackle RQ 2, 4 and 5, by using my outcomes of RQ 1 and 3 (as
described in Chapter 3). Chapter 4 has been divided into 3 sections: Section 4.1 describes the
methodology for sensitivity analysis of sectoral indicators of water use and flood risks of the
change in current conditions as well as change in European socio-economic scenarios;
Section 4.2 describes the method of evaluation of the Adaptation Framework to determine
the adaptive capacity of southern European regions and Section 4.3 describes the
methodology for assessing regional and spatial vulnerabilities of southern Europe.
4.1 SENSTIVITY ANALYSIS
Sensitivity analysis is a reliable method to comprehend the relationship between
drivers (different climatic and socio-economic exposures) and sectoral responses using the
IAP model tool (Pianosi et al., 2016). For addressing the second research question, I conduct
a sensitivity analysis with the IAP model using the ‘One-Driver-at-a-Time’ (ODAT) approach.
The basic methodology for sensitivity analysis was derived from the research of Kebede et al.
(2015) on sensitivity analysis of all the parameters of the ClimSave model for the baseline.
Basic steps for sensitivity analysis includes first, choosing the input factors, and secondly,
setting the values of the input factor being tested, while keeping the other input factors at
constant value throughout the analysis and thirdly, defining the model outputs. These are the
steps for the sensitivity analysis run:
1. The increment value of each input factor is given in Table 5 (for baseline), Table 6 (for
Icarus) and Table 7 (for ROTS) while keeping all other inputs at their baseline values
(Kebede et al., 2015). The slider in the model was moved as per the increment value
given and each driver-indicator value was downloaded in excel;
2. Out of each driver-indicator result obtained, cell numbers for the study area countries
was taken out of the whole EU-wide spreadsheet in accordance with specific sectoral
indicators as shortlisted in Table 3. For e.g.: Area at risk of flooding for Spain was
represented by the cell numbers ‘BG3732 – BG5693’, etc.;
3. Sensitivity was assessed qualitatively by plotting xy-plots with driver vs. sectoral
indicators, to determine the direction (positive or negative correlation) and trend
(linearity or non-linearity) of the sensitivity (Pianosi et al., 2016);
4. The scatter plot visualization is followed by linear regression analysis (using coefficient
of determination or r2 and p-values) to determine the significance of the sensitivity
tests;
5. The degree of sensitivity of each indicator is assessed and compared with existing
literature, and;
6. Sensitivities of countries are determined qualitatively using bar graphs of driver vs.
indicator data.

30

Table 5: Selected Driver Settings for Baseline Scenario
Driver

Baseline
value

Minimum
value

Maximum Increment
value

Temperature
change
Winter
Precipitation

0

0

+3

+1

0

-50

+50

+10

Summer
Precipitation

0

-50

+50

+10

Sea level rise

0

0

+2.0

+0.5

GDP Change

0

-20

+200

+20

Pop Change

0

-50

+50

+10

Water savings
due to
behavioural
change
Changes in
irrigation
efficiency

0

-50

+50

+25

0

-50

+100

+25

Strictness of
Spatial
Planning
Attractiveness
of coast

Medium

Low

High

One step

Medium

Low

High

One step

Level of Flood
Protection

Minimum

None

Maximum

One step

Table 6: Selected Driver Settings for Icarus Scenario
Driver

Baseline
value

Minimum
value

Maximum
value

Increment

Temperature
change
Winter
Precipitation

FIXED

Summer
Precipitation
Sea level rise
GDP Change

+51

0

+100

+20

Pop Change

-20

-30

-10

+5
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Water savings
due to
behavioural
change
Changes in
irrigation
efficiency
Strictness of
Spatial
Planning
Attractiveness
of coast
Level of Flood
Protection

0

-10

+10

+5

0

-18

+44

+12

Low

Low

High

One step

High

Low

High

One step

Minimum

None

Maximum

One step

Table 7: Selected Driver Settings for ROTS Scenario
Driver

Baseline
value

Minimum
value

Maximum
value

Increment

Temperature
change
Winter
Precipitation

FIXED

Summer
Precipitation
Sea level rise
GDP Change

+144

0

+300

+50

Pop Change

-6

-10

0

+2

Water savings
due to
behavioural
change
Changes in
irrigation
efficiency
Strictness of
Spatial
Planning
Attractiveness
of coast

0

-10

+10

+5

0

-28

+67

+20

Medium

Low

High

One step

Low

Low

High

One step

Minimum

None

Maximum

One step

Level of Flood
Protection
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4.2 POLICY REVIEW AND EVALUATION
Literature review in Chapter 3 helped shortlist the Adaptation Framework as one of
the milestone policies for addressing climate change adaptation and impacts in other policy
directives. This chapter describes the methodology for framework & design of its evaluation.
4.2.1 EVALUATION FRAMEWORK
My study looks at policy as a goal-oriented rational-synoptic process where the
purpose of evaluation is to define goal achievement through a causality loop of the policy
and the outcome. I used the same method in another university project for evaluating EU-ETS
ex-nunc. So, here also I use the realistic evaluation method (Crabbe & Leroy, 2008) in my
research to define the success of Phase 1 of the Adaptation framework. Pawson & Tilley
(2009) describe the realistic evaluation as a qualitative framework used to explain the effects
of policy wherein evaluation is the key element at every stage of the policy formulation. For
my study, I focus on the fifth phase of a policy cycle, called the ‘policy outcome’ stage (As
shown in Figure 7).

Figure 7. Different Policy Phases
Realist evaluation aims to derive lessons from the policy-outcome causality to develop
suitable interventions. So, the theory uses the ‘context-mechanism-outcome’ (CMO)
hypothesis (Westhorp, 2014) where the evaluator can understand “what works for whom in
what circumstances” (Tilley & Pawson, 2000). There are four stages of a realistic evaluation
framework (Figure 8):
1. Explaining the theory: Describing the causal relationship between the program and
the outcome and the reasons behind the outcome;
2. Formulation of a hypothesis: Formulating the assumptions behind why or why not the
outcome will be achieved;
3. Data collection: data collection is done by quantitative or qualitative methods to test
the hypothesis; and
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4. Data analysis: collected data is analysed to explain why the hypothesis passed or
failed.

Figure 8. The Applied Realistic Evaluation Framework
4.2.2 POLICY EVALUATION DESIGN
The Commission’s white paper on adapting to climate change (COM(2009) 147 final)
(called the Adaptation Framework from here on forward) considers southern Europe and the
Mediterranean Basin regions, among the most susceptible to climate-change impacts. In
2010, the European Parliament endorsed the Adaptation Framework, especially welcoming
the “emphasis on increasing the resilience of all ecosystems as an essential defence against
the impacts of climate change”. The Adaptation Framework states that for successful
adaptation water management should be incorporated into not just national and European
water policies but also into other sectoral policies.
Using the realistic evaluation framework as explained in sub-section 4.2.1:
 I undertake the theory that the first phase of the Adaptation Framework should
have successfully been able to integrate climate change impact and consequent
adaptation strategies into other policies, especially on a regional level (the region
being southern Europe) and covering a wide temporal range as well as future
climatic and socio-economic scenarios.
 I design the hypothesis that the first phase of the Adaptation Framework was
successful. For testing our hypothesis, our study looks at the outcome of the first
phase of the Framework (using a goal oriented ex-post evaluation)
 I collected and analysed the data through a qualitative multi-criteria approach for
theory testing.
For the multi-criteria analysis, I refer to the study of criteria selection by Mickwitz
(2003) and shortlisted three criteria for my evaluation by designing related questions for
each criterion as given below:
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1. Impact: This criterion helps identify the impacts of the policy and its
implementation. I will be examining the impacts of the Phase 1 of the Adaptation
Framework for southern European countries.
Question: Are climate change impacts and adaptation integrated into the updated
versions of the water and flood-related policies?
2. Effectiveness: Effectiveness of a policy describes the relationship between the
intended goals of the policy and the degree to which its outcomes have been
achieved. For this study, I examine whether the measures suggested in Phase 1 of the
adaptation policies were effectively adopted or not in the other sectoral policies
regionally.
Question: How are southern European countries covered under the new measures?
3. Flexibility: Flexibility refers to the ability of the policy instrument to cope with
changing conditions. I will assess whether the integration of climate change impacts
and adaptation into sectoral policies for each study country is flexible to future
climate and socio-economic conditions.
Question: How are the Adaptation Framework measures adapted for the future
climate and socio-economic scenarios?
4.3 VULNERABILITY ASSESSMENT
The RQ 5 targets to fulfil the objective of the research, to assess the vulnerabilities of
water sector and flood risks of southern Europe and its countries under changing climatic and
socio-economic scenarios. Vulnerability of a system can be defined by the sensitivity of that
system to climate change impacts, the system’s exposure to those impacts, and its innate
capacity to adapt to such impacts (IPCC, 2007). So, using Eq.1 I will assess the vulnerabilities
of southern European countries over a range of different scenarios.
The exposure will be provided by the different scenarios (climatic socio-economic),
the sensitivities have been derived through sensitivity analysis of water-use and flood risk
indicators through RQ 3 and the adaptive capacity has been described by answering RQ 4. So,
a qualitative assessment of the current vulnerabilities can be conducted. For current regional
vulnerabilities, I use the baseline and for the future vulnerabilities I use Icarus and ROTS
scenarios. However, to predict the future adaptive capacity, it is important to dive into the
narratives of the European SSPs (Icarus & ROTS). The storylines of SSP3 and SSP4 are very
distinct which project different future adaptive capacities, which would then better define
the future vulnerabilities for each scenario.
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CHAPTER 5: RESULTS
This chapter deals with results of RQ 3, 4 and 5 in sections 5.1, 5.2 and 5.3
respectively. Each section answers its respective research question for not only southern
Europe as whole, but also, for each of the selected southern European countries individually.
5.1 SENSITIVITY ANALYSIS
RQ 2 tries to find out the most sensitive sectoral indicators for water-use and flood
risks of southern Europe using the IAP model. Following the methodology in Chapter 4
(Section 4.1), the results of the sensitivity analysis will preliminary help recognise whether a
change (increase or decrease) in the driver contributes to an increase or decrease in the
indicator and whether this driver-indicator relationship is linear or not (methodology adapted
from Kebede et al., 2015). This will help narrow down the sectoral indicators most sensitive
to change in the climatic or socio-economic drivers. The analysis will also help compare the
indicator sensitivities across a temporal and spatial range.
The sensitivity analysis for the baseline, Icarus and ROTS has been summarised in
Table 8, 10 and 11 respectively. The results show notoable differences across water sector
and flood risk indicators across Mediterranean countries studied, which is discussed in detail
in the following sub-sections. Table 9 (sub-section 5.1.1) explains the indicators of sensitivity
analysis for Table 8 and same indicators apply for Table 10 and Table 11, so have not been
written repeatedly.
5.1.1 BASELINE ANALYSIS
The flooding and water-use indicators in general show significant sensitivities to all
the climatic drivers. An increase in temperature is directly related to an increase in damages
due to flooding. Similarly, an increase in sea level increases the risk of flooding and
consequent damages for southern Europe. Increased sea level also shows a positive
correlation with the water exploitation index and total water-use. The precipitation analysis,
however, tells a very different story.
Unlike the climatic drivers, the strength of sensitivities for the flood and water-use
indicators varies greatly for the different socio-economic drivers. Most of the flood indicators
are insensitive to the changes in the different socio-economic drivers, specifically water
savings due to behavioural change, changes in irrigation efficiency, strictness of spatial
planning or the attractiveness of the coast. Damages due to flooding is sensitive to three out
of the seven socio-economic drivers. Population change and GDP change positively impacts
the damages due to flooding. Marchi et al (2010) identified increasing social and economic
development as an indicator for increasing potential for flash flood casualties and damages.
Climate Change Post’s article (2017) reported that 70% of Europe’s flood casualties are due
to flash floods and the number has been increasing steadily and, especially the Iberian
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Peninsula is highly vulnerable to flash floods, mainly due to increased population density and
urbanization.
Water-use indicators, on the other hand, are sensitive to almost all the socioeconomic drivers, except for the water availability indicator, which is sensitive to only climatic
drivers and not to socio-economic drivers. In contrast water exploitation index and total
water-use are sensitive to all drivers.
Sensitivity of water exploitation index to all the eleven drivers also indicates its
influence on the amount of water-use and/or availability. Water Exploitation Index (WEI) is
the ratio of the mean of annual total demand for freshwater over the long-term average
freshwater resources available (EEA, 2012b). Thus, WEI is a direct indicator of water-scarcity
and water stress. The analysis shows GDP change, population change and changes in
irrigation efficiency positively correlate with WEI whereas water savings due to behavorial
changes and strictness of spatial planning are negatively correlated to WEI. Seven out of
eleven indicators are positively correlated with WEI which implies an increase in climatic or
socio-economic drivers will positively increase water stress in southern Europe. Detailed
results of sensitivity analysis for various flood risk and water-use sectors is given in Table 8.
Analysing through a regional lens, Italy is the most affected in terms of flooding risks
which are positively correlated to an increase in all the climatic drivers, whereas Portugal is
the least affected.
For the water-use indicators, changes in almost all climatic and socio-economic
drivers correspond directly to water availability, which is highest in Greece and lowest in
Spain and WEI and total water-use, which is highest in Spain and lowest in Greece. However,
the analysis shows WEI for all the southern countries increasing until 2°C temperature
increase and then gradually decreases till 6°C. Since sensitivity of water sector indicators are
non-linearly correlated to changes in sea level, water price increase is highest in Spain and
remains constant with increase in sea level. Changes in winter precipitation show a nonlinear, negative correlation with WEI, which is highest for Spain, but decreases with increase
in winter precipitation. Similarly, total water-use decreases with increase in winter
precipitation, to a point, where water-use of France, Greece and Italy are similar, while Spain
has the lowest. Considering the socioeconomic drivers, like GDP change, WEI is observed to
be highest for Spain and lowest for France, which increases with increase in GDP. Total water
use is lowest for France but increases with increase in GDP. Change in other socioeconomic
drivers, which could be possible adaptation mechanisms, like increasing water savings due to
behavioural changes, WEI is highest for Spain and lowest for Greece, but decreases with
increase in water savings. Total water use also follows a similar pattern to behavioural
changes, with Greece having the highest water use and Spain the lowest, but it decreases
with increase in water savings. Changing the irrigation efficiency in the IAP linearly correlates
to changes in water price and WEI, with Spain having the highest and Greece having the
lowest. Adaptation mechanisms like increase in level of flood protection, decreases the
damages due to flooding and number of people flooded, with Italy facing the highest risk and
Portugal, the lowest.
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Table 8: Results of The Sensitivity Analysis for Each Driver–Indicator Combination for The IAP Baseline
Sectoral Indicators
Area at risk
of flooding
(ha)

Drivers

Temperature
change

Sea level rise
Climatic
Drivers

Winter
Precipitation

Summer
Precipitation

GDP Change
Socioeconomic
divers

Population
Change

Threatened
people
(x100
persons)

People
flooded
(x100
persons)

Damages
due to
flooding
(KEuro)

Water
availability
(mill.
mÂ³/a)

Water price
increase (%)

Water
exploitation
index

Total water use
(mill. mÂ³/a)

↓

↑

↓

↑

↓

↓

↓

↓

Linear

Non-Linear

Linear

Linear

Linear

Linear

Linear

Linear

↑

↑

↑

↑

Linear

Linear

Linear

Linear

o

↓

↑

↑

Linear

Non-Linear

Non-Linear

↑

↑

↑

↑

↑

↓

↓

↓

Linear

Linear

Linear

Linear

Linear

Non-Linear

Non-Linear

Linear

↙↘

↙↘

↙↘

↙↘

↙↘

↓

↖↗

↖↗

Non-Linear

Non-Linear

Non-Linear

Non-Linear

Non-Linear

Non-Linear

Non-Linear

Non-Linear

o

o

o

o

↑

↑

↑

Linear

Linear

Linear

↑
Linear

o

o

↑

↑

↑

Linear

Linear

Linear

↖↗

↖↗

↖↗

Non-Linear

Non-Linear

Non-Linear
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Water savings
due to
behavioural
change

o

Changes in
irrigation
efficiency

o

Strictness of
Spatial
Planning

o

Attractiveness
of coast

o

Level of Flood
Protection

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

↙↘

↙↘

Non-Linear

Non-Linear

o

o

o

↓

↓

Linear

Linear

↑

↑

↑

Linear

Linear

Linear

↓

↓

Linear

Linear

↓
Linear

↓

↑

↑

Linear

Linear

Linear

↖↗

↖↗

↑

Non-Linear

Non-Linear

Linear

Table 9: Indicators Used to Denote Trends of Sensitivity (For Baseline, Icarus and ROTS)
Significance of Sensitivity

Direction of Sensitivity

Strong (r2 ≈ 1 (0.6-1) and p-value < 0.05)

↑

Positive correlation: Indicator increases with increase in driver

Weak (r2 << 1 (~0.6 or lower) and p-value > 0.05)

↓

Negative correlation: Indicator decreases with increase in driver

Statistically Insignificant (no variance)

↖↗
↙↘

Min at baseline: Indicator increases with both increase and
decrease in driver
Max at baseline: Indicator decreases with both increase and
decrease in driver
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5.1.2 SCENARIO ANALYSIS
For the scenario analysis, the IAP model settings were changed: Time-slice – 2050s;
Emission scenario: RCP 4.5; Socio-economic scenario: SSP 3/ Icarus or SSP 4/ ROTS. For
sensitivity analysis of the different scenarios, only the socio-economic scenario settings can
be changed, one at a time, to see the desired outcome. The results for each scenario are
discussed below.
A. ICARUS
Icarus is a scenario that has a degrading economy with just short-term policy planning
which leads to deteriorating society (Harrison et al., 2015). The analysis shows almost all
flood indicators are insensitive to change in the various socio-economic drivers, except
population change and level of flood protection. Increase in population positively correlates
with different flood indicators whereas increase in the level of flood protection negatively
correlates with people flooded and damages due to flooding. Literature also indicates that
number of people flooded decline in southern and eastern Europe in Icarus (Mokrech et al.,
2014). This could be due to fixed narrative of the Icarus that contains population decline in
the storyline as well as decreased fluvial flooding (Harrison et al., 2014).
As for the water use indicators, except for water availability, which is insensitive to
changes in all the drivers, all other indicators are sensitive to change in the socio-economic
drivers. Increase in GDP linearly influences the increase in water price, WEI and total water
use and in contrast, population increase negatively influences the two latter indicators.
Changes in irrigation efficiency positively correlates with the water use indicators. This maybe
because Icarus assumes a declining population and thus, there is reduced pressure on
agricultural production and so, irrigation is a more cost-effective method of food production,
which ultimately can lead to increase in water use. This can be dealt with innovation
successes in terms of increasing water savings due to behavioural changes, strictness of
spatial planning and attractiveness of coast (Harrison et al., 2014).
Detailed results of sensitivity analysis for various flood risk and water-use sectoral
indicators is given in Table 10.
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Table 10: Results of The Sensitivity Analysis for Each Driver–Indicator Combination for Icarus
SECTORAL INDICATORS
Drivers

SocioGDP Change
economic
divers
Population
Change
Water savings due
to
behavioural
change
Changes
in
irrigation
efficiency
Strictness
of
Spatial Planning
Attractiveness
coast
Level of
Protection

Area
at
risk
of
flooding
(ha)

Threatened
people
(x100
persons)

People
flooded
(x100
persons)

Damages
Water
due
to availability
flooding
(mill.
(KEuro)
mÂ³/a)

o

o
↑

↑

↑

o

Linear

Linear

o

o

o
o

↑

Water
price
increase
(%)

Water
Total water
exploitation use
(mill.
index
mÂ³/a)

↑

↑

↑

o

Linear

Linear

Linear

↖↗

↓

↓

Linear

o

Non-Linear

Non-Linear

Non-Linear

↓

↓

o

o

o

o

Linear

Linear

↑

↑

↑

o

o

o

o

Linear

Linear

Linear

↖↗

↙↘

↙↘

o

o

o

o

Non-Linear

Non-Linear

Non-Linear

↑

↙↘

↙↘

o

Linear

Non-Linear

Non-Linear

↙↘

↖↗

↖↗

o

Non-Linear

Non-Linear

Non-Linear

o

Linear

of

o

o

o
↓

↓

o

o

Linear

Linear

Flood

o
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B. RIDERS ON THE STORM

‘Riders on the Storm’ (ROTS) is a socio-economic scenario that has been hit hard by
continual economic crises, however high investments in renewable energies green
technologies help counter the situation (Harrison et al., 2015). The sensitivity analysis
outcomes for flood indicators in ROTS are similar to the results of Icarus, however, the results
for the water use indicators vary hugely among the two scenarios. ROTS is described as
having high GDP and this economic growth increases the number of people at flooding risks
across Europe. Since ROTS storyline has an increase in population, flooding risks could be
further enhanced. Literature also reports that ROTS has the second greatest number of
people affected due to flooding out of all the four scenarios (Harrison et al., 2014). Sensitivity
analysis results show high negative correlation of people flooded and damages due to
flooding with increase in level of flood protection, thus indicating a need for higher coping
mechanisms against floods in such a scenario for southern Europe.
GDP change, population change and changes in irrigation efficiency are negatively
correlated to WEI and total water use. Behavioural changes and technological innovations
(strictness of spatial planning, attractiveness of coast and level of flood protection) also
negatively correlates to almost all water use indicators, which indicates difficulty in adapting
to different coping mechanisms in the Riders scenario (Dunford et al., 2014). However, water
exploitation index shows a decrease with population increase or even, adaptation increase
thus proving low vulnerabilities in this scenario.
has lowest vulnerability in the ROTS scenario in terms of vulnerable area and people.
Detailed results of sensitivity analysis for various flood risk and water use sectoral
indicators is given in Table 11.
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Table 11: Results of The Sensitivity Analysis for Each Driver–Indicator Combination for ROTS
SECTORAL Indicators
Area at risk Threatened People
Damages
of flooding people
flooded
due
to
(ha)
(x100
(x100
flooding
persons)
persons)
(KEuro)

Drivers

GDP Change

↑
o

Population
Change
Water savings
due
to
behavioural
Sociochange
economic
Changes
in
divers
irrigation
efficiency
Strictness
of
Spatial Planning

Water
availability
(mill.
mÂ³/a)

o

o
↑

o
↑

Linear

Linear

Linear

Linear

o

↑
o

Water
price
increase
(%)

Water
Total
exploitation water use
index
(mill.
mÂ³/a)

↑

↑

↑

Linear

Linear

Linear

↓

↑

↑

Non-Linear

Non-Linear

Non-Linear

↑

↓

↓

Linear

Linear

o

o

o

o

o

Non-Linear

↑

↙↘

↙↘

o

o

o

o

o

Linear

Non-Linear

Non-Linear

↓

↓

↓

o

o

o

o

o

Linear

Linear

Linear

Attractiveness of
coast

↑

↑

↓

o

o

o

o

o

Linear

Non-Linear

Linear

Level of Flood
Protection

↙↘

↙↘

o

o

Linear

Linear

o

↙↘

↓

↓

Linear

Linear

Linear

43

5.1.3 CROSS-TEMPORAL ANALYSIS
The baseline analysis reveals that all the climatic drivers influence the sectoral
indicators of water sector and flood risks. In general, increase in temperature decreases flood
risks and water use in southern Europe, whereas, sea level rise positively impacts flood risks
and water use. However, the most interesting results are provided by the precipitation
changes that clearly indicate that an increase in winter precipitation will linearly and
positively impact flooding and in contrast, an increase in summer precipitation will negatively
impact the flooding (coastal and/or fluvial). However, to compare the baseline situation with
the 2050 scenarios, only socio-economic drivers should to be taken into consideration. The
water-use indicators, especially water price increase, WEI and total water use, vary among
the three scenarios. GDP change has constant results for the flood risks and water-use
sectoral indicators across the temporal boundaries of different scenarios. However, other
socioeconomic drivers show a variety of results.
Water use indicators (WEI and total water use) show consistent increase with change
in population change in the baseline scenario, however, Icarus shows a linear decrease
whereas Riders shows a linear increase with increase in population. Water price increase
however shows a negative correlation for Riders and a positive correlation for Icarus and
baseline scenarios towards population change. Increase in coping mechanisms like water
savings due to behavioural changes leads to an increase in water prices in the Riders
scenario, however, it has no impact on baseline or Icarus. Similarly, changes in irrigation
efficiency is positively correlated to total water use and water exploitation index for both
baseline and Icarus, but shows a negative correlation in the Riders scenario. Riders has been
designed to have higher levels of coping mechanisms, like technological and behavioural
water savings and irrigation efficiency, so, increasing it beyond the pre-defined range
increases the water prices and decreases the WEI and total water use.
Regarding the flood indicators, most are insensitive to changes in socioeconomic
drivers. However, the level of flood protection has a negative correlation with number of
people flooded for all three scenarios. Riders has a constant decrease in number of people
flooded regardless the direction of change in the driver.
Table 12 depicts the sensitivities of the different indicators compared to change in
their drivers across scenarios, thus, helps shortlist the most sensitive indicators for water use
and flood risks.
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Table 12: Sensitivity Comparisons Across Different Scenarios
Drivers

Baseline

Icarus

Population change

↖↗
non-linear
↖↗
non-linear
↖↗
non-linear
o

↖↗
non-linear
↓
non-linear
↓
non-linear
o

↑
linear
↑
linear
↓
linear
↓
linear
↓
linear
↓
linear
↑
linear
↑
linear

↑
linear
↑
linear
↖↗
non-linear
↙↘
non-linear
↙↘
non-linear
↖↗
non-linear
↙↘
non-linear
↙↘
non-linear

Riders on
the Storm
↓
non-linear
↑
non-linear
↑
non-linear
↑
non-linear
↙↘
non-linear
↙↘
non-linear
↓
linear
↓
linear
↓
linear
↑
linear
↑
non-linear
↓
linear

↙↘
non-linear

↓
linear

↙↘
linear

Water savings due to
behavioural changes
Changes in irrigation
efficiency

Strictness of spatial
planning

Attractiveness of coast

Level of flood
protection

Indicators
Water price increase
WEI
Total water use
Water price increase
WEI
Total water use
Water price increase
WEI
Total water use
Water price increase
WEI
Total water use
People flooded
Damages due to flooding

↙↘
non-linear
↖↗
non-linear
↖↗
non-linear
↑
linear

↓
linear
↙↘
non-linear
↖↗
non-linear
↖↗
non-linear

↙↘
linear
↙↘
linear
↓
linear
↓
linear

Water price increase
WEI
Total water use
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5.1.4 SUMMARISING ANALYSIS
The following sectoral indicators for water use and flood risks were deemed most
sensitive to changes in current and future scenarios: WEI, Total water use, People flooded,
Damages due to flooding, Water price increase.
Number of people flooded and damages due to flooding are the two indicators that
on an average are sensitive to five main socio-economic drivers across changes in all three
scenarios. Two drivers are direct inputs to the flood model: firstly, sea-level rise, which has a
strong positive influence on flooding, and secondly, flood protection, which has a strong
negative influence on flooding. Winter and summer precipitation result in indirect impacts,
since they modify the river flows from the WaterGap model. Also, population change leads to
combined sensitivity, having a direct influence on the number of people flooded (if there are
more people there would be more people to be flooded) and indirectly via influencing the
urban growth model (if there are more people, there will be more urban growth, leading to
more people being flooded). In the climate-only scenarios, i.e. the baseline scenario, water
exploitation shows positive trend, since for southern Europe water availability is lowest
among all regions of EU.
Comparing all three scenarios, Icarus has the most sensitive water sector. The
technological innovations in irrigation is low in Icarus, also there is no population increase, so
maybe that’s why Icarus has positive changes in people flooded compared to the baseline.
The water sector is least sensitive in the Riders scenario since there is not much significant
negative impacts on the water exploitation index.
For regional comparison, I ranked the most sensitive countries from 1 to 5, 1 being
the least sensitive and 5 being the most sensitive for each sector and study country. Table 13
below gives an outline of how the countries fair for their flood risk and water use sectors.
Table 13: Sensitive Sector Ranking as Per Each Country

From the table, it can be inferred that flood risk indicators of Italy are most sensitive
to climate change impacts, for all three scenarios. The water use sector, however, shows
varying results. Spain water-use sector is most sensitive in Baseline and ROTS scenarios,
whereas Greece water-use sector is most sensitive in Icarus. But adaptive capacity is also a
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measure factor for vulnerability assessment, and might produce different results for overall
vulnerabilities. Those results depend on the adaptive capacities of the countries.
5.2 POLICY EVALUATION AND ANALYSIS
The policy review in Chapter 3 (Section 3.2) helped to shortlist the relevant policy for
evaluation. Also, using the sensitive indicators obtained from sensitivity analysis, these being:
WEI, Total water use, People flooded, Damages due to flooding, Water price increase, I chose
the European Commission’s White Paper ‘Adapting to climate change: Towards a European
framework for action’ (COM(2009) 147 final) as the policy to evaluate to see whether or not
the measures suggested in it implemented in other policies.
5.2.1 INTRODUCTION
The European Commission’s Adaptation Framework (COM(2009) 147 final), a followup of the Green Paper (COM(2007) 354 final, 2007), was published on 1 April 2009
(COM(2009) 147 final). Accompanying the main framework are three sectoral papers on
agriculture (SEC(2009) 417), health (SEC(2009) 416) and water, coasts and marine issues
(SEC(2009) 386). The main objective of the Framework is to improve EU’s resilience to deal
with climate change impacts. The framework adopted 33 non-legislative actions, most of
which are ongoing or have already been completed (Schneider & Sudbery, 2012) The actions
have been framed in a two-phase approach: Phase 1 (2009-2012) will lay the ground work for
preparing a comprehensive EU adaptation strategy to be implemented during phase 2,
beginning in 2013. Phase 1 focusses on four ‘pillars of action’ (COM(2009) 147 final), as
shown in Figure 9.

Figure 9: Phase 1 of the Adaptation Framework
The accompanying sectoral paper on water, coasts and marine issues (SEC(2009) 386,
2009) introduced some ‘measures to facilitate adaptation’ which also suggest including
‘measures to mainstream adaptation into sectoral policies’.
These are:
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1. Integration of adaptation into the implementation of water legislation
1.1. Incorporate climate change into future river basin management plans: An updated
framework of river basin management plans was required to be presented by
December 2009 which will provide information on climate change impacts and
suggest necessary measures to be incorporated.
1.2. Conduct an annual EU-wide assessment of water scarcity and droughts: The
assessment will help monitor changes across Europe to identify the vulnerable areas
and suggest further actions in response to climate change. A follow-up review for
water scarcity and droughts strategy was planned for 2012.
For dealing with the vulnerabilities of water sector, the Adaptation Framework
suggests integrating effective national water regulations and integrating climate change
adaptations in European-wide policies including the Water Framework Directive, the Floods
Directive and Marine Strategy Framework Directive. Adaptation framework also suggests
assessing the vulnerabilities against a range of climate scenarios and on different
geographical scale so more accurate adaptation policies can be devised. However, the
measures suggested by the sectoral papers accompanying the white paper are uncertain in
face of changing socio-economic conditions (Kentarchos, 2009). Thus, this analysis aims to
review the effectiveness of the Adaptation Framework and its suggested measures
(especially the sectoral paper on water, coasts and marine issues) in the face of current
scenarios as well the two socio-economic scenarios (Icarus and Riders) and conclusively,
predict the adaptive capacity of the southern European countries.
5.2.2 MULTI-CRITERIA EVALUATION
I derived most of data for the multi-criteria evaluation from the Fourth
implementation report of assessment of the Water Framework Directive Programmes of
Measures and the Flood Directive (COM(2015) 120 final) and its accompanying report on the
progress in implementation of the Water Framework Directive Programmes of Measures
(SWD(2015) 50 final). For analyzing the national policies, I referred to the member state
specific in-depth assessments in the form of consultant reports for each study country,
available on the official European Commission website. Now, analysing via each criterion:
A. IMPACT

The impact criteria will assess whether the measures suggested in the Adaptation
Framework were successfully integrated in the related EU policies as well as paved way for
more research to build a stronger knowledge base on climate change adaptation. This will
provide a clear linkage between the adopted policy and its outcomes on the European scale.
Are climate change impacts and adaptation integrated into the updated versions of
the water and flood-related policies?
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To understand the impact of the EU Adaptation Framework, I considered the followup measures suggested and adopted after the Adaptation Framework in 2009. A Guidance
document on ‘River Basin Management in a Changing Climate’ (European Commission
Environment, 2009) was adopted in December 2009 to accompany the measures suggested
in the Adaptation Framework and to ensure that the river basin management plans (RBMPs)
are climate proofed. The document presents clear actions on how to integrate climate
change into the 2nd and 3rd RBMPs and includes the issues of flood and drought risks. One of
the objectives of the guidance document is to address and assess the uncertainty of the
RBMPs that arises due to different climate models and range of emission scenarios. Following
that, EU funded research projects such as ESPON CLIMATE were initiated to understand the
impacts of climate change on local sectors and to build a knowledge base necessary for
suggesting appropriate adaptation measures (Bouwman et al., 2013). The project proved that
the Mediterranean region has a low adaptive capacity. However, the project has major gaps
regarding the vulnerabilities of different infrastructures in different regions and will require a
lot of work.
The Adaptation Framework assumes that areas with lower economic development
might expect more adverse impacts of climate change. ESPON Climate project also showed
that less developed areas like eastern European and the Mediterranean region have a low
adaptive capacity. Following this, EU and neighbouring Mediterranean countries launched a
collective action program called ‘Climate change impacts on water and security’, which
brought together three research projects, called CLICO (Climate Change, Hydro-conflicts and
Human Resources), CLIMB (Climate Induced Changes on the Hydrology of Mediterranean
Basins) and WASSERMed (Water Availability and Security in Southern Europe and the
Mediterranean) with the objective of gathering in-depth knowledge on water security,
droughts and flood risks (Roson, Zografos, & Ludwig, 2012). The 3rd WFD implementation
report was adopted in 2012 which recommended all the member states to integrate climate
change considerations into their respective RBMPs (COM(2012) 670 final). This was followed
by 4th WFD implementation report that was adopted on 9 March 2015 (COM(2015) 120
final) which explicitly mentions climate change adaptation for WFD and FD across EU and
requires the member state to implement the guidance document (European Commission,
2016). The document also suggests examining how hydrology is affected and how it will
evolve in the long-term to address climate change impacts effectively. In conclusion, the
measures suggested in the Adaptation Framework have been considered Europe-wide by
policy makers and researchers alike, by integrating proper measures in supporting policy
documents as well as initiating and funding relevant researches. Yet it is necessary to look at
the implementation of these measures through a regional lens for southern European
countries.
B. EFFECTIVENESS

The EEA issue report No 25 (2001) describes effectiveness of a policy as whether the
expected objectives and targets of the measures suggested have been met or not while

49

comparing the effects of the measures to its objectives. Since I have already discussed the
impact of the measures provided in the Adaptation Framework, effectiveness criteria will
help me analyse the achieved outcomes at a regional scale, in case of this study, southern
Europe. Figure 10 shows an overview of current implementation status of second RBMPs
across EU. However, I focus more on climate change impacts and adaptation measures in the
RBMPs for my study countries.

Figure 10: Status of Implementation of The WFD In Member States
(Source: European Commission website)
(Green areas show all 2 RBMPs are adopted; Yellow areas show only part of 2nd RBMPs have been
adopted; and Red areas are where the 2nd RBMPs have not yet been adopted)
nd

How are southern European countries covered under the new measures?
I will study the country-specific RBMPs and check whether or not the measures from
the Adaptation Framework have been integrated into the updated versions of the national
policies. Starting from Spain, almost all RBMPs have taken into consideration climate change
impacts in terms of water availability. Expected reduction in water availability have been
confirmed which will be around -2 to -11% by 2027. The Spanish National Climate Change
Adaptation Plan and/or Regional plans are mentioned as the related plans in relation with the
RBMPs. Further research plans for climate change impacts are mentioned. Water resources
has been mentioned as a priority in the national climate change strategy and national plan of
action of Portugal and even the Integrated Coastal Zone Management Strategy of Portugal
includes climate change measures. Programme of Measures of the RBMPs consider the
measures for climate change adaptation. Climate change impacts on water and coasts as well
as water demand and availability, water stress, drought & flood risks are mentioned in the
RBMPs. National Water Authority of Portugal has included measures like full incorporation of
climate change in the next RBMPs for assessing the risks of floods and protection and
enriching of water resources.
Even though Italian RBMPs refer to climate change, they are not specific about the
issue. Most of the references are for the coasts and the Alps. Climate check of the
Programme of Measures has not been done and national strategy for climate change is
missing. Similarly, even though, climate change is mentioned in some RMBPs of France, its
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inclusion is very limited in context of flood management, water availability and water
scarcity. Also, the Programme of Measures is not adapted for climate change.
Out of all the countries, Greece fairs the worst in implementing the adaption policies.
Climate change has not been considered in any of their RBMPs or PoMs and no such future
plans exist. The only exception is the Drought & Water Scarcity Management Plan (DMP),
which was developed parallel to the RBDs. The Plan mentions climate change research
studies in its annexures like “the effects of climate change on rainfall, temperature and
evaporation”, and “the effects of climate change on agriculture and irrigation”. But, the
outcomes have not been taken into consideration in the relevant RBMPs or PoMs. The
development of a National Climate Change Adaptation Strategy has been in the pipeline since
September 2014 but no progress has been made.
C. FLEXIBILITY

Flexibility of a policy defines the ability of the policy instrument to cope with the
changing conditions. In this study, it is important to evaluate whether the measures
suggested by the Adaptation Framework will cope with the changing climatic and socioeconomic conditions. So, I will analyse national policies to see whether studies for different
scenarios have been undertaken and whether any measures have been provided.
How are the Adaptation Framework measures adapted for the future climate and
socio-economic scenarios?
In 2007, the European Commission adopted measures suggested by the
Communication report on Water Scarcity & Drought (COM(2007) 414 final). The third followup report to the same (COM(2011) 133 final) reported that a set of vulnerability indicators
for measuring water-related impacts of climate change under different climate and socioeconomic scenarios is being developed by the Commission, and also potential adaptation
measures are being designed to emphasize water scarcity & drought issues. These studies
will help recognise the temporal and spatial distribution of water scarcity under the changing
climatic and socio-economic conditions and help determine the vulnerabilities of water
systems.
Accounting for regional flexibilities to changing conditions, Spanish RBMPs measure
their effectiveness using modelling tools such as AQUATOOL, AquaToolDMA, GESCAL and
PATRICAL, however, only a few of them include measure-specific analysis. Similar projects
occur in other southern European countries, for e.g. Project DRIAS, by Météo-France, aims to
create climate change trend scenarios for assessing the future impacts and provide
adaptations. The project was initiated in 2009 within the ‘Gestion et Impacts du Changement
Climatique’ (GICC) program. Even though models have been developed to account for future
climate change impacts in France, their effects on the water system are neither described nor
associated with the measures. Portugal is the frontrunner among the southern states as
future scenarios for water demand and availability are conducted in their RBMPs. The trend
scenarios address surface and ground water pressures in sectors like tourism, industry,
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agriculture, domestic, etc. Even though the results forecast no future water shortages even in
the worst-case scenarios, yet measures to check water scarcity are included in their RBMPs.
Regarding the flood risks, the updated Floods Directive (SWD(2015) 51 final) includes
an assessment of the impacts of climate change to account for the flood risks. In support, 14
member states have considered climate change in their assessment of flood risks and 11
member States have taken climate change into account when preparing their flood maps.
Spain considers climate change in the assessment of flood risks, however long term trends
have not been considered whereas, for France, long terms trends have been reported and
used in the assessment of flood risks. Portugal and Italy on the other hand, did not undertake
the Directive Preliminary Flood Risk Assessment. Data for Greece is unavailable.
5.2.3 CONCLUDING ANALYSIS
In this section, I have drawn the final analysis on the three criteria used which
evaluated the Adaptation Framework. This part describes the main findings from the
evaluation, hence, concludes with ‘data analysis’ element of the Realistic Approach
methodology (described in chapter 4).
Impact
The adaptation framework has been successful in implementing the measures
suggested overall for the EU. Actions for integrating climate change into 2nd and 3rd RBMPs
are provided and are suggested to be climate proofed. The guidance document has objective
to address and assess the uncertainty of the RBMPs against the projections of a wide range
of climate model and emissions scenarios, thus considering future scenarios as well. This has
triggered a lot of research into the area, allowing member states to collaborate and create
larger knowledge base regarding water-use and flood risks posed by the changing climate.
The 3rd and the 4th WFD implementation reports (implemented in 2012 and 2015
respectively) explicitly mention climate change adaptation for WFD and FD across EU.
Effectiveness
Unfortunately, only Portugal and Spain have integrated climate change impacts and
adaptation in their RBMPs and suggesting relevant measures, while also making room for
further research. France and Italy have mentioned climate change in their RBMPs, however,
they are not specific about it and neither suggest any adaptation measures for water use or
flood risks. Climate change has not been considered in any of Greece’s RBMPs or PoMs and
limited research is being conducted on the same.
Flexibility
The Adaptation Framework is yet not well equipped for changing conditions in the
future, be it climatic or socio-economic change. However, intensive research across Europe is
being conducted and action for analysing vulnerabilities in future scenario on a variable
spatial and temporal scale has been was integrated into policy (COM(2011) 133 final) in
2011. Yet, southern Europe lags in integrating these measures. Portugal and Spain have
created trend scenarios and are researching further into creating flexibilities of the policies to
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changing conditions, and France, though hasn’t provided any measures in their sectoral
policies, but is conducting extensive research into climate change scenarios. However, Italy
and Greece neither have mentioned future scenarios for climate change adaptation in their
current RBMPs and nor have any relevant research going on the issue. Greece fairs worst out
of all the countries, since none of its RBMPs mention climate change impacts or adaptation
on water, drought or flood risk sectors.
In conclusion, my hypothesis that ‘the first phase of the Adaptation Framework was
successful’ cannot be confirmed. Even though climate change impacts and relative
adaptation measures have been successfully integrated in the updated versions of water and
flood related policies, especially the WFD and FD for the EU, the Adaptation Framework has
failed to integrate in the national policies of southern European countries. The main factors
that falsify the hypothesis are the knowledge gaps, governance issues and lack of finances.
5.2.4 DETERMINING ADAPTIVE CAPACITY
The main objective of this evaluation has been to determine the current and future
adaptive capacities of the southern Europe and its countries. Evaluating the Adaptation
Framework has helped determine which countries have stronger adaptive capacity in the
current scenario. Considering all three criteria, Portugal comes out to be the winner, with
strongest adaptive capacity out of the five study countries, mostly due to its strong
adaptation measures which are being implemented and researched upon actively. It is
followed by Spain, France and Italy. Greece has the lowest adaptive capacity due to weakest
policy implementation, lack of data and lack of planning & management.
For future scenarios, I will relate the current adaptive capacity to the narratives of the
European SSPs (Table A.2, Annex). The Icarus narrative for 2040-2070 describes a future with
low population and economic growth. The environmental concerns are low and there is an
increased resource intensity, increased fossil fuel dependency and weak technological
development. The challenges to adaptation increase and effective institutions to oversee the
societal risks are weak or missing. In such a scenario, Greece and Italy, with lack of current or
future adaptation measures in place, fare the worst in terms of adaptive capacity, followed
by France, Spain and Portugal. Portugal has highest adaptive capacity since its adaptation
measures are in place currently. The ROTS storyline narrative describes an increasing
economic growth during 2040-2070, where environmental concerns are high in pockets, and
the focus is on local issues in middle and high income areas. Resource intensity and fossil fuel
dependency decreases with increasing technological development. Effective institutions
strengthen, however, power is concentrated with the relatively small political and business
elite, while vulnerable groups have lower representation and influence. Even though
challenges to adaptation remain, but the challenges to mitigation decrease. In such a
scenario, low income countries are most vulnerable, struggling to provide adequate access to
basic amenities like water, sanitation and health care for the poor. In such a scenario, Greece
has lowest adaptive capacity, followed by Italy and Spain. Since France is currently
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economically stronger than the other four countries, it might manage to develop stronger
adaptive capacity by then. However, highest adaptive capacity is still with Portugal, that
currently is involved actively in future research for trend studies of climate change impacts.
So, in ROTS scenario, Portugal has highest adaptive capacity, followed by France, Spain, Italy
and Greece. The results of current and future adaptive capacity of the five southern
European countries are summed up in Table 14. The countries have been ranked from 1 to 5;
1 having the lowest adaptive capacity and 5 having the most.
Table 14: Adaptive Capacity Ranking as Per Each Country

Overall, related research and data generation regarding temporal, regional & sectoral
vulnerabilities are being carried out in most countries of southern Europe, however,
successful outcomes have yet not become a part of their national policies and hence little
adaptation measures are available, especially for the future scenarios. This indicates a low
adaptive capacity for southern Europe in terms of policies. The Adaptation Framework
cannot be dismissed as a ‘irrelevant’ policy instrument since it has been the first step into
accepting climate change impacts as a serious risk to flooding and water-use across Europe
and following this, hopefully, the updated implementation of WFD and FD will chart out
climate change adaptation measures for the sensitive sectors, especially in the
Mediterranean countries.
5.3 CURRENT AND FUTURE VULNERABILITIES
Vulnerability of a system depends on the exposure, sensitivity and adaptive capacity
of the system as defined by Eq.1. The parameters for the equation are derived from the
results of the different research questions. RQ 1 qualitatively explains the model parameters
exposure, sensitivity and adaptive capacity, which include the exposure elements of baseline
and two different climatic and socio-economic scenarios (i.e. RCP 4.5 X SSP 3 and RCP 4.5 X
SSP 4). RQ 2 gave results of sensitivities of various sectoral indicators (of flood risk and wateruse sectors) to varying exposures of different drivers. Finally, RQ 3 and RQ 4 reviewed various
climate change adaptation policies for the flood risk and water-use sectors (at the EU level)
and evaluated EU Adaptation Framework (COM(2009) 147 final). Fitting the different
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parameters in the equation will give me a qualitative assessment of vulnerabilities in wateruse and flood risk sector for southern Europe and its countries.
𝑉 = 𝑓(𝐸, 𝑆, 𝐴𝐶) ………. Eq.1
With outcomes of sensitivity analysis and adaptive capacity evaluation, I ranked the
countries according to their vulnerabilities for both flood risks and water-use sector together
(since they are intricately linked in a theoretical sense). Current and future vulnerabilities of
the southern European countries are tabularized according to their ranks in Table 15 below,
where ranking is given from 1 to 5; 1 being the least vulnerable and 5 being the most
vulnerable. The analysis is described in sub-sections below.
Table 15: Overall Current and Future Vulnerabilities of Southern European Countries

5.3.1 CURRENT VULNERABILITIES
Using the above qualitative data in Eq.1 for each country and for each sector, I
conclude that Portugal is least vulnerable to changes in various climatic and socio-economic
drivers. Portugal is least sensitive to flooding risks, and is third least sensitive to the risks of
water scarcity, has a lower water exploitation index and total water use as compared to other
countries. In terms of adaptive capacity, Portugal has effectively integrated climate change
impacts and adaptation in its RBMPs with relevant measures and further research plans, so
has the highest adaptive capacity out of the five studied regions. Italy on the other hand is
most vulnerable, due to its high sensitivities of flood risks and water use as well as insufficient
adaptation policies, thus having low adaptive capacity. Even though Greece is second least
sensitive, after Portugal, to the various drivers, it has the lowest adaptive capacity in
southern Europe, which makes it second most vulnerable country. Similarly, even though the
flood risk and water use sectors of France are less sensitive to climate change impacts than
Spain, however, Spain has a higher adaptive capacity than France, with effective adaptation
policies and measures in place. Thus, France is third most vulnerable out of the studied five
countries, followed by Spain which is second least vulnerable. In conclusion, the water-use
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and flood risk sector of Italy is most vulnerable, followed by Greece, France, Spain, and
Portugal being the least vulnerable.
5.3.2 FUTURE VULNERABILITIES
Future projections of climate change are subject to many uncertainties; thus,
different exposure levels, sectoral sensitivities and adaptive capacity in combination with the
narratives of the scenarios helped determine the vulnerabilities of the future for each
country under different socio-economic conditions.
For RCP 4.5 X SSP 3, sensitivity analysis of the Icarus scenario indicates Italy faces the
highest flood impacts, followed by France, Spain and Greece, and Portugal faces the lowest
flood impacts. For water-sector, Greece has the most sensitive water sectoral indicators
followed by Spain, France, Portugal and, Italy is at minimum risk. Since challenges to
adaptation increase and there is a lack of effective institutions to oversee the societal risks in
Icarus scenario, Greece and Italy, with no current or future adaptation measures in place,
fare the worst, thus making them the most vulnerable countries. Even though water-use and
flood risk sectoral indicators are more sensitive for Spain, than France, however, Spain has
adopted effective climate change adaptation measures for the current and future risks, thus
placing it at lower vulnerability level than France. Portugal is the least vulnerable out of the
five study areas due to the low sensitivities of its flood risk and water-use sector as well as
flexibilities of its policies to changing conditions. In conclusion, Icarus is somewhat like the
baseline, with Greece being most vulnerable, followed by Italy, France and Spain, and
Portugal being the least vulnerable.
For RCP 4.5 X SSP 4 (ROTS), sensitivity analysis reveals Italy faces the highest flood
impacts, followed by France, Spain and Greece, and Portugal faces the lowest flood impacts.
This would have made ROTS like the baseline as well as Icarus scenario had there not been a
contrasting difference for the water-use sectoral indicators and adaptive capacities. The
water sector of Spain is most sensitive to the changing socio-economic conditions, followed
by Portugal, France, Greece and, Italy. Comprehensively for both flood risks and water use
indicators as well as adaptive capacity, Spain is most vulnerable under the ROTS storyline,
followed by Italy, Greece, France, and Portugal.
In conclusion, Italy is the most vulnerable country out of the five studied areas,
followed by Greece, due to their highly sensitive flood risk and water use sectors and low
adaptive capacities for changes in current and future socio-economic conditions and will
most likely remain vulnerable in the future unless some serious adaptive measures are not
considered and implemented. France and Spain are also vulnerable to some extent, but with
their socio-economic status and planned adaptation efforts, their future vulnerabilities can
be managed. Portugal is the least vulnerable due to its current high GDP growth and more
efficient and flexible adaptation policies and looking at its current efforts for adaptation, it is
possible that it will have low vulnerabilities for its water use and flood risks even in the
future.
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CHAPTER 6: DISCUSSION
My study suggests that southern European regions are particularly vulnerable to
changes in climate and socio-economic conditions for water sector and flooding risks in
current as well as future scenarios. Italy is the most vulnerable, followed by Greece, Spain,
France and Portugal for the water sector and flood risk indicators studied. My study also
indicates increased fluvial flooding during autumn-winter months for southern Europe (EEA,
2012b). Water scarcity was exclusively observed for the Mediterranean countries by this
study and is supported by various literature (e.g.: Collins et al., 2009). The EEA Indicator
factsheet (Lallana & Marcuello, 2004) specifies the warning threshold of WEI to be 20%, with
severe water stress at WEI>40%, indicating strong competition for water among regions and
sectors. Spain and Italy are considered water stressed (WEI between 20-40%), and Greece
and Portugal have increased their WEI in the period of 1990 to 2001 because of the increase
in the total water abstraction (Lallana & Marcuello, 2004).
Assessment of future vulnerabilities can be matched with the ClimSave project
studies like Dunford et al. (2014) which states WEI in the Icarus is most vulnerable (in context
of area and people) out of all other socio-economic scenarios. Areas and people in the Icarus
are also most vulnerable to floods, be it coastal or fluvial. Kebede et al. (2013) also reported a
clear divide for water stress among the two scenarios: Riders having lower impact on water
supply, whereas Icarus faces pressures on its water supply.
My study accomplished qualitative assessment of the current and future
vulnerabilities of southern European countries. Consequently, the results are qualitative and
even though, there is a missing quantitative substantiation, the outcomes are in line with
current statistics. Studies such as Bergh (2004) suggest that under uncertain conditions (like
the complexity of the IAP and uncertainties of the European SSPs), a qualitative analysis is
often able to produce more informative insights than a quantitative ones. My study could
achieve that reliable insights into vulnerabilities of southern European regions.
I used the indirect factors such as ‘exposure’, ‘sensitivity’ and ‘non-climatic factors’
(Figure 3) to assess the vulnerabilities rather than direct drivers, ‘climate change impacts’ and
‘adaptive capacity’. A study by Glick et al. (2011) suggests that adaptive capacity of systems is
defined by its autonomous ability to moderate potential impacts. The adaptive capacity I
studied are the planned adaptations. Vulnerability assessment could consider both
autonomous and planned adaptations to define the adaptive capacity of a system in detail
(Klein & Nicholls, 1999). The model parameters, however, regulate the climate change
impacts and autonomous adaptations directly and only allow for user-defined indirect
parameters. So, the vulnerability assessments I produce focuses on the water-use and floodrisks at a macro-level, instead of focusing on relative inter-connected ecosystems, which
would have not suited my objectives. Also, evaluation of policy makes the assessment
stronger with more reliable adaptive capacity data. Thus, my study allows for a more robust
and at the same time flexible analysis under the given conditions of research.
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I have looked at future vulnerabilities through climate emission scenario of RCP 4.5
for both socio-economic scenarios. That is suitable for my study which takes the temporal
reference of 2050s and emissions in RCP 4.5 is said to peak around 2040s and then decline
(Meinshausen et al., 2011). By keeping the emission scenario constant, I focused mostly on
the changes in the socio-economic settings for the future. SSPs are flexible tools that can be
applied as boundary conditions to study specific regional or sectoral contexts and can also
help observe future challenges to adaptation and mitigation (O’Neill et al., 2012). But more
importantly, SSPs include descriptions of developmental trends and quantified key socioeconomic variables in their narratives which serve as important inputs for more robust
vulnerability assessments (Alcamo, 2001) than considering climate data alone. Thus, my
study focuses on predicting vulnerabilities by not only determining physical changes in the
climate system, but more importantly, considers changes in the non-climatic factors like
technological, economic, political, demographic factors, etc. Integrated assessment used in
this study is a more reliable tool for decision-makers for formulating adaptation measures.
My study also reviews the IAP model complexity. Even though water abstraction is
mostly dominated by irrigation in southern Europe (EEA, 2012b), however, my study does not
need to study SFARMOD directly. SFARMOD provides estimates of land used for irrigation,
(by using input indicators like ‘change in dietary preferences’, ‘change in agricultural yields’,
‘change in bioenergy production’ and, ‘water demand prioritization’). Fortunately,
SFARMOD’s analysis is dependent on the inputs provided by WGMM and the outputs of
SFARMOD are inputs to WGMM for calculating total water use (Holman & Harrison, 2011).
Therefore, by directly analysing sectoral indicators derived from WGMM, my study manages
to get a better picture for water use indicators and their sensitivities. This indicates that the
model complexity is a crucial factor to consider while doing a detailed research on other
sectors. On the other hand, even with such an intricate complexity, the model has been
successful in producing verifiable results over a large temporal and spatial settings. Thus, the
design of the IMPRESSIONS model can be well appreciated in context of this research.
To sum up, this study can help set a base for further research on water and flood
vulnerability assessments through the IAP model, IMPRESSIONS, by using wider range of
indicators, drivers and outputs as well as wider temporal and spatial scales. Further research
on how the meta-models contribute to the workings of the IAP model and understanding
how autonomous adaptation measures are included in the model inputs can help assessing
the vulnerabilities of even more inter-related sectors and thus provide for broader
adaptation and mitigation measures. Also, using the same RCP (RCP 4.5) for future trend
analysis of the vulnerabilities helped demonstrate the socio-economic heterogeneity of the
five study countries, which calls out for encouraging research and development of regional
SSPs. The study used an EU-wide model to study regional impacts which indicates the need
for more precise regional models for all EU member states. Overall the model proved to be a
reliable tool for assessing regional vulnerabilities of different sectors, impacts & risks and my
study hopes to encourage further assessments and integrate the outcomes in future policy
measures.
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CHAPTER 7: CONCLUSIONS
I would like to conclude my study with a short description of how I achieved my
research aim by elucidating on the outcomes of my research questions. The literature review
clearly indicated that water scarcity and water stress are major vulnerabilities faced by
southern European countries accompanied with uncertainties in coastal and fluvial flooding,
as well as, increasing occurrences of flash floods in the Mediterranean region. So, I studied
vulnerabilities of five southern European countries: Spain, Portugal, Italy, France and Greece,
for their flood risks and water-use sectors. Reviewing the current adaptation policies for EU,
the Adaptation Framework (COM(2009) 147 final) deemed to be a suitable policy that could
be evaluated to understand the adaptive capacity of my study areas. An in-depth review of
the current vulnerabilities as well as the IAP model workings provided me the model inputs
that could be assessed for predicting the sensitivities of the water and flood risk sectoral
indicators, these being climatic and socio-economic factors: Temperature change, Winter
Precipitation, Summer Precipitation, Sea level rise, GDP Change, Population Change, Water
savings due to behavioural change, Changes in irrigation efficiency, Strictness of Spatial
Planning, Attractiveness of coast and Level of Flood Protection.
Analysing the sensitivities of the various water and flood indicators for current
scenario (the baseline) and the future scenarios (RCP4.5 X SSP3: Icarus and RCP4.5 X SSP4:
ROTS) through the IAP model impressions gave me the following indicators to be the most
sensitive to change in climate and socio-economic conditions: WEI, Total water use, People
flooded, Damages due to flooding, Water price increase. Comparing all three scenarios, Icarus
had the most sensitive water sector and had positive changes in people flooded relative to
the levels driven by climate scenario in baseline. The water sector was least sensitive in the
Riders scenario. Regional analysis indicated Italy to be the most sensitive to flooding for all
three scenarios, followed by France. In terms of water use, Spain is indicated to be most
sensitive for the baseline and ROTS and Greece for Icarus.
Evaluating the adaptive capacity regionally indicated Portugal has the strongest
adaptive capacity out of the five study countries for all three scenarios, mostly due to its
strong adaptation measures which are being implemented and researched upon actively. It is
followed by Spain, France, Italy and Greece for current and Icarus scenarios. However, for
ROTS, France is second least vulnerable due to its currently strong socio-economic conditions
that will develop further in the ROTS storyline. Greece has the lowest adaptive capacity in all
the three scenarios probably due to its weakest policy implementation and no further plans
of improvement and, also its weak socio-economic conditions in the present.
Finally, using my sensitivity and adaptive capacity analysis for vulnerability assessment
showed that for changes in the baseline scenario, Italy was deemed to be the most
vulnerable to coastal and fluvial flooding, followed by Greece, which is in line with current
statistics (Table A.3, Annex). Spain is currently most vulnerable to water stress, whereas
Portugal is least vulnerable country to flood and water stress risks in current climatic and
socio-economic conditions. Greece was concluded to be most vulnerable in the Icarus
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scenario and Spain was the most vulnerable in ROTS. Portugal is least vulnerable according to
both the future scenarios.
Comparing that to the narratives of the scenarios, as given in Table A.2 (Annex),
Icarus is a future with economic degradation and regional conflict. It will present a lot of
challenges to the water sector of Greece and flood risk sector of Italy. High inequalities exist
in this scenario, which indicates high vulnerabilities for the underprivileged masses. ROTS
scenario presents increasing economic opportunities and shift to green technologies, but
low-income societies will tend to suffer. Italy and Spain which are currently strong
economies, may somehow manage to cope their vulnerabilities, instead Greece, which is the
third most vulnerable in this scenario, will suffer more under changing climatic and socioeconomic conditions.
In conclusion, my aim to study the vulnerabilities of southern European water and
flood risk sector through a regional and temporal lens was achieved with the help of the IAP
model and its pre-defined climatic and socio-economic scenarios. Overall, the Mediterranean
region of southern Europe is vulnerable and will remain vulnerable in the future, although
vulnerability of the countries and regions will depend on a mix of different factors related to
exposures in form of heterogeneity of socio-economic conditions, sensitivities to different
driving conditions and the planned adaptation policies that contribute to different adaptive
capacities of the different countries, of which the future is highly uncertain and that might
change the position of vulnerabilities of these regions.
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CHAPTER 8: RECOMMENDATIONS
This study aims to also provide policy recommendations for adapting to future
vulnerabilities of the southern European countries. This chapter describes not only specific
policy recommendations for each study country but also provides general recommendations
for southern Europe for increased resilience to future potential climate change impacts.
8.1. GENERAL RECOMMENDATIONS
This section delivers general recommendations for decision-makers to consider while
designing future adaptation policies or measures against climate change impacts on flood
risks and water sectors across southern Europe. Adaptive capacity of the communities can be
improved only when the vulnerabilities and resilience of their ecosystems is examined. So,
there is an immediate need to factor ecosystem resilience into regional vulnerability
assessments. Awareness generation and communicating the impacts of climate change needs
to be the responsibility of all stakeholders, including the EU institutions, member states,
regional authorities as well as private-sectors. Even though there needs to be economic
incentives and regulations to encourage member states towards adaptation, at the same
time EU legislation should be more flexible to allow individual member states to build
foundations for efficient regional adaptation measures.
For flood risks, adaptation measures should not only include the grey measures such
as technological and engineering projects, but also the green ecosystem-based approaches
using nature based solutions (IUCN, 2016), and soft measures such as relevant policies to
change governance approaches. Since flash floods pose a greater threat to the
Mediterranean areas, green infrastructure can help in risk management for flash floods and
debris flow. There is also a need to improve the preparedness of cities for both coastal and
fluvial flooding through appropriate stakeholder integrated governance bodies.
One of the major recommendations to adapt to water sector vulnerabilities would be
adopt the ‘no regret’ adaptation framework (Heltberg et al., 2009) with measures that
reduce water consumption and use water more efficiently. No-regret adaptation measures
are designed to provide benefits even in absence of climate change impacts, thus creating a
win-win situation for all. A long-term EU water strategy is needed to address the availability
and quality of water resources and related ecosystems in face of climate change and other
extremities. One way to achieve this is to update the Blueprint to Safeguard Europe's Water
(COM(2012) 673 final) by including current and future challenges and measures for
increasing the resilience of the water sector through sustainable wastewater management as
well as efficient irrigation practices.
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8.2. REGIONAL POLICY RECOMMENDATIONS
Specific policy recommendations for each study country have been derived after
analysing the current status of the Adaptation Framework in the southern European
countries’ policies.
ITALY

Italy is not only water-stressed, but also, more than half the country faces a high risk
of flooding. Therefore, the country needs to first conduct a detailed assessment of pressures
and risks to its water bodies and then design PoMs that address all the main pressures
identified. Water abstraction permits need to be reviewed to keep them in line with the
environmental objectives. Also, incorporating an appropriate water pricing policy in their 2nd
RBMP (article 9 of WFD) can help promote efficient use of water resources. Italian RBMPs
mention climate change impacts in general terms, so, the RBMPs and PoMs need to be
climate proofed and adaptation measures need to be provided for their flood vulnerabilities.
This can be achieved by increasing the investment in water infrastructure and adequately
utilizing sources of funding, including EU funds, for implementing the PoMs.
GREECE

Greek RBMPs have weak PoMs due to its inadequate monitoring and methodologies
for status assessment of their water bodies. Planning and implementation of their 2nd RBMPs
was supposed to happen in 2015, but has been postponed significantly. Floods have caused
substantial economic losses (over 3 billion euros) in the last decade and the flood risk and
hazard maps have not been constructed yet. Greece needs to update its first RBMPs through
a detailed assessment of risks and pressures faced by water bodies and address those in the
PoMs. Water use needs to be checked with an economic analysis to ensure tariffs lead to
adequate recovery of costs of water services and are common across all river basin districts.
Greece till now has not considered climate change impacts in any of their RBMPs or PoMs,
hence their relevant policies need to be climate-proofed urgently. One of the
recommendation for a stronger consultation process would be to ensure active stakeholder
involvement and transparency in the process.
FRANCE

France should consider and incorporate the climate change issues more extensively
into their 2nd RBMPs, including impact analysis, monitoring and a climate check of the
Programmes of Measures. Other than that, water services need to be defined with a proper
recovery cost while accounting for the environmental costs and pressures caused. Flood risk
maps have been constructed for calculating the socio-economic damages and use of nature
based solutions will be more effective and economical for management and prevention of
floods than grey infrastructure.
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SPAIN

Spain faces water scarcity in some regions and, also has a recurring problem of
flooding. It needs to incorporate the interventions proposed in the WFD into its water policy.
For a robust policy intervention, Spain needs to update the reporting for 2nd RBMPs in the
WISE system, including the pressures and quantitative analysis of the water bodies at risk.
The policies need to ensure that all abstractions are regulated through proper registration
and metering. For flood risks, use of green infrastructure and nature-based solutions need to
be prioritised by policies that can provide additional benefits like improving the water quality,
habitat conservation, flood protection, etc. Spain currently has analysed its water balances
and created trend analysis for climate change predictions. However, climate check needs to
be carried out for their RBMPs.
PORTUGAL

Portugal, even though currently has strongest planned adaptive capacity, needs to
update the climate check procedures of its PoMs. They should make their basic measures
legally binding in the 2nd RBMPs. Active stakeholder involvement in the existing River Basin
Councils should be promoted for monitoring the effectiveness of PoMs. RBMPs should be
developed in close cooperation with Spain to better identify the pressures and impacts and
assess the status of the water bodies. Water taxes and tariffs should ensure proper recovery
of costs of water services. National policies should suggest measures to ensure that climate
change is considered for assessment of water bodies, and the objectives of its National
Strategy for Adaptation to Climate Change should be considered in designing of its PoMs.
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ANNEXURES
TABLE A.1: OBSERVED AND PROJECTED IMPACTS OF CLIMATE CHANGE
Source: European Environmental Agency, 2012
INDICATORS

AFFECTE DIRECTION
D AREAS OF CHANGE
IMPACTS ON NATURAL SYSTEMS
Heat waves
Across
Europe

Precipitation

PROJECTED IMPACTS

The average
temperature for the
European land area
for the last decade
(2002–2011) is 1.3 °C
above the preindustrial level, which
makes it the warmest
decade on record.

-The largest
temperature increase is
projected over eastern
and northern Europe in
winter and over
southern Europe in
Summer
-Heat waves are
projected to become
more frequent
and last longer across
Europe
Climate model
projections show
continued precipitation
will decrease in
southern Europe
(mostly during summer)

Southern
Europe

Decreasing
precipitation in parts
of southern Europe

Northern
Europe

annual precipitation
has been generally
increasing across
most of northern
Europe
Estimated to have
contributed up to
0.7mm a year to
global sea-level rise

Climate model
projections show
increase in precipitation
in northern Europe
(mostly during winter)

Glaciers in the
European Alps have
lost approximately
two thirds of their
volume since 1850,
with clear
acceleration since the
1980s

The volume of
European glaciers has
been estimated to
decline between 22 and
66% compared to the
current situation by
2100 under a businessas-usual emission

Greenland ice Globally
sheets

Glacier
melting

CURRENT IMPACTS

Across
Europe
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Snow Cover

Across
Europe

Snow mass in Europe
has decreased by 7 %
in March from 1982
to 2009

Ocean
acidification

Globally

-Surface-ocean pH
declined from 8.2 to
8.1
-30 % increase in
oceanic acidity
-acidification has
already reached into
the deep ocean,
especially in the high
latitudes.
temperature in
European seas is
increasing more
rapidly than in the
global oceans
-Satellite
measurements show
a rise of around 3
mm/year over the
last two decades
-rising is not uniform
at all locations

Sea surface Across
temperature Europe

Sea level rise

Globally

Storm
occurrences

Europea
n coasts

Floral
and Globally
faunal
species
extinction

River floods

Across
Europe

large storm surge
events have caused
loss of life and
damage to property
in Europe during the
past century
changes in plant and
animal characteristics
since the migration
rate of many species
is insufficient to keep
pace with the speed
of climate change
-More than 325 major
river floods have
been reported for
Europe since 1980, of
which more than 200

scenario
widespread reductions
in the extent and
duration of snow cover
in Europe over the 21st
century
-may affect many
marine organisms
within the next 20 years
-could alter marine
ecosystems and
fisheries

projected to rise more
slowly than
atmospheric
temperature
Projections of global
mean sea-level rise in
the 21st century range
between 20 cm and
about 2 m by the end of
the century (high
uncertainties of the
predictions)
future trends have high
uncertainty

-projected increase in
the occurrence and
frequency of flood
events
-flash floods also likely
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Soil Erosion

Across
Europe

IMPACTS ON HUMAN SYSTEMS
Agricultural
Across
yield
Europe

Occurrence
of droughts

Southern
Europe

have been reported
since 2000
-land-use changes
could be a probable
cause

to become more
frequent throughout
Europe
-however, quantitative
projections for flood
frequency and intensity
are uncertain

About 130 million ha
of land in the EU is
affected by soil
erosion by water, of
which almost 20 %
shows soil loss by 10
t/ha/year

Increased variations in
rainfall pattern and
intensity are expected
to make soils more
susceptible to water
erosion and increased
aridity would make
finer-textured soils
more vulnerable to
wind erosion

-Growing season for
several agricultural
crops has increased
by 11.4 days (from
1992 to 2008)
-Yields of several
crops (e.g. wheat) are
stagnating and yields
of other crops (e.g.
maize in northern
Europe) are
increasing, partly due
to climate change
-Extreme climatic
events, including
droughts and heat
waves, have
negatively affected
crop productivity
during the previous
decade

-The growing season is
projected to increase
which would allow a
northward expansion of
warm-season crops to
areas that are currently
not suitable
-Future climate change
can lead to yield
decreases or increases,
depending on crop type
and with considerable
regional differences
across Europe
-Yield variability is
expected to further
increase under
projected future
climate change
(including increased
intensity and frequency
of extreme events)
regions most prone to
an increase in drought
hazard are southern
and south-eastern
Europe

increased severity
and frequency of
droughts (such as
2005 drought in the
Iberian Peninsula)

73

Occurrence
of diseases

Northern
Europe

Forest fires

Southern
Europe

Fisheries

Across
Europe

Human
Health

Across
Europe

Energy needs

Across
Europe

Increased
transmission of
certain diseases and
increased risks of
allergies impacting
human health

Climate change is
projected to increase
the risk of food- and
water-borne diseases in
many parts of Europe.
Projected increased
temperatures,
precipitation or
extreme flooding could
lead to increased risks
of many pathogenborne diseases
number of fires in the With increased global
Mediterranean region temperatures, more
has increased over
severe fires are
the period from 1980 projected, but with
to 2000. The impact is considerable regional
particularly strong on variation
already degraded
ecosystems in
southern Europe
Wild fish stocks seem Future projected
or
to be responding to
climate change is likely
changing
to lead to an increased
temperatures and
catch potential in the
food
supply
by
Arctic, and to a
depending
decreased or constant
on
the changing their
geographical
catch potential in other
location
distribution
European seas
-Increased mortality
-frequency and
rates due to extreme intensity of heat-waves
weather conditions,
likely to increase in the
especially in
future, thus can lead to
vulnerable population a substantial increase in
groups
mortality over the next
-Excessive exposure
decades
to ground-level ozone -future emission
is estimated to cause reductions are
about 20,000
expected to decrease
premature deaths per the ozone
year in Europe.
concentrations
number of heating
-projected reduction in
degree days has
demand for heating in
decreased by an
northern and northaverage of 16 per
western Europe
year since 1980. This -however, projected
helped reduce the
increase in energy
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Tourism

Southern
Europe

demand for heating,
particularly in
northern and northwestern Europe
general tourism
activities are
currently best in
southern Europe.

demand for cooling in
southern Europe

-future projections
indicate increased
tourism in northern and
central Europe
-the suitability of
southern Europe for
tourism is projected to
decline markedly during
the key summer
months
- projected reductions
in snow cover will
negatively affect the
winter sports industry
in many regions
-decreased tourism can
have dire impacts on
the economy for many
regions
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TABLE A.2: NARRATIVES OF GLOBAL AND EUROPEAN SSPS
Source: Kok & Pedde, 2016; O’Neill et al., 2012
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TABLE A.3: CURRENT REGIONAL SITUATIONS

Sectoral indicators
Deaths due to
flooding
(1990 - 2006)
Damages due to
flooding (Million
Euro)
(1990 - 2006)
Reported floods
(per 10,000 km2)
Water exploitation
index
(National average)
Total water use
(mill.m³) (2013)

Italy

Portugal

Spain

Greece

France

Source

466

21

170

41

177

Llasat et al.,
2010

19780.3

8.3

757.7

820.1

4042.5

Llasat et al.,
2010

1-3

1-3

10-20

3-10

3-10

EEA, 2016

32%

15%

38%

12%

18%

95*

98.9

932.8

125.4

366.0

Lallana &
Marcuello,
2004
Eurostat, 2015
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