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Abstract

Human population world wide is vulnerable to nakwligasters, which are increasing due to
the consequences of socio-economical and land-@ssapments and due to climate change.
In recent years the impacts of floods have gaimedortance because of the increasing
amount of people who are affected by its adverfeeest

In this study a methodology to computdl@d vulnerability indexbased on indicators, is
developed, aiming at assessing the conditions wiaicbur flood damages at various levels:
river basin, sub-catchment and urban area. Thihadetogy can be used as a tool for
decision making to direct investments at the mestided sectors. Its implementation could
guide policy makers to analyse actions towardsbelaling with floods.

The methodology involves two concepts. First, vedibdity, which covers three related
concepts called factors of vulnerabilitgxposure, susceptibilitgnd resilience The other
concept concerns the actual flooding; understandinigh elements of a system is suffering
from this natural disaster. Four main componentsa afystem are recognized which are
affected by flooding:social, economical, environmental and physical congmts. The
interaction between the vulnerability factors ahd tomponents serves as the base of the
proposed methodology.

The developed methodology distinguishes differgatial scales of flood vulnerability: river
basin, sub-catchment and urban area. This allowsoge in-depth interpretation of local
indicators and pinpoints actions to diminish fospbts of flood vulnerability. The larger
scales in international committees to identify deslelop necessary plans actions to deal with
floods and flooding. The smaller scales aim to iowprthe (local) decision making process by
selecting action plans to reduce vulnerabilityoaal and regional levels.

The methodology has been applied in various castiest spatial scales, which resulted in
interesting observations on how vulnerability canréflected by quantifiable indicators. The
testing results indicate that the FVI of a rivesibaas a whole can be better reflected by the
average FVI of its sub-catchments, thereby impm\decision-making processes at regional
levels. However, the average FVI of urban areas dog reflect the FVI of the sub-catchment
or river basin in which they are located.

To fully understand the capacity of the FVI methiodg, it is recommended to continue with
additional case studies to carry on with the se&wchmore useful indicators, refinement of
the equations and enhancement of the conceptsddiian, an international network of
knowledge institutes could contribute to the furtldevelopment of flood vulnerability at
different spatial scales.

Keywords: vulnerability indices, flood exposuredt susceptibility, flood resilience, flood
risk management
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Chapter 1  Introduction

1.1 Moaotivation and Background

Human population world wide is vulnerable to nataliaasters. In recent years the impacts of
floods have gained importance because of the isgrgaamount of people who are exposed
to its adverse effects.

Floods are natural and recurring events in a rorestream. Floods are usually described in
terms of their statistical frequency. A "100-yelmofl" or "100-year floodplain" describes an
event or an area subject to a 1% probability afrain flood occurring in any given year.

The frequency of flood depends on the climate,ntiaerial that makes up the banks of the
stream, and the channel slope. Where substaniidbifaoccurs in a particular season each
year, or where the annual flood is derived prinityprom snowmelt, the floodplain may be
inundated nearly every year, even along large msisewith very small channel slopes. In
regions without extended periods of below-freezgmperatures, floods usually occur in the
season of highest precipitation (United States Ageri991). In some areas floods occur
because of exposure to the cyclones, hurricanggidail waves or tsunamis.

Floods and flooding are two terms which are frediyemixed up, when topics concerning
high water stage or peak discharge are discusssaeAare defining the terms as:

A flood is “defined as a temporary condition of surfacaewdriver, lake, sea), in which the
water level and/or discharge exceeds a certaineyahereby escaping from its normal
confines;” this does not necessarily results indiag (Douben, 2006a).

Floodingis defined as the spilling over or failing of thermal limits for example river, lake,

sea, stream or accumulation of water as a resuliealvy precipitation through lack or
exceeding of the discharge capacity of drains,newsmelt, dams or dikes break affecting
areas which are normally not submerged (DouberRatdayake, 2005).

Types of floods

A distinction can be made between five differemqety of floods: coastal floods, river floods,
flash floods, urban floods and lake floods (MuniehR007)

Coastal floods

They can occur on the coast and along the bankargé lakes (MunichRe, 2007). Floods

usually occur when storms coincide with high tidesl can include overtopping or breaching

of beaches Coastal flooding can also be producegsebywaves called tsunamis, unusually
giant tidal waves that are created by volcanoesasthquakes in the ocean. Hurricanes and
tropical storms can produce heavy rains, or drivean water into land. They have extreme
loss potential and may cause hundreds of thousafrfdsalities.

13



Figure 1.1 Coastal Floods (Winthrop Maine) [Livae®ce]

The accelerating rise in sea levels that is cdytainbe expected as a result of climate change
and variability will aggravate the risk of stornrges and coastal erosion all around the globe
— and this will be one of the most detrimental eti$eof global warming.

Coastal flooding levels (NYC Hazards, 2007) — categed as minor, moderate or major —
are calculated based on the amount of water thas bove the normal tide in a particular
area. Flooding of this type can be very destrudiNatural Environmental, 2007).

River floods

Figure 1.2 River Flood (Cambridge shire, UK)

Floods along rivers are a natural event. Some Hamtur seasonally when winter snows melt
and combine with spring rains. Water fills riverstves too quickly, and the river will overflow
its banks. River floods are also the result of oapirainfall usually continuing for a period of
days over a large area. The ground becomes satwaatecannot cope with any more water
so that the rain flows directly into the rivers #01955).

River floods do not occur abruptly but build up dwally — although sometimes in a short
time. As a rule, they last from a few days to a feeeks. The affected area may be very
extensive if the river valley is flat and broad ahé river carries a large volume of water.
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River related flooding also brings indirect threatssing from food and drinking water
shortage and the spreading of diseases (Doubeb200

Flash floods

"-‘_‘..,,_r_,;r e % : T L e e
Figure 1.3 Flash floods (Buchanan Missouri) [VAEgestcy]

Flash floods are short-term inundations of smadharsuch as a town or parts of a city. They
are caused by what are usually short periods ehg# rain often occurring over a very small

area and typically in conjunction with thundersternihe soil is not usually saturated; but as
the rainfall intensity exceeds the infiltrationeathe water runs off on the surface and soon
gathers in the receiving waters.

Flash floods can occur almost anywhere, so thatlyneserybody is threatened. Sometimes
they mark the beginning of a major river flood, lusually they are separate, individual
events of only local significance, scattered ranigamspace and time.

Dams and levees are built for flood protection. yreually are engineered to withstand a
flood with a computed risk of occurrence. For exlanp dam or levee may be designed to
contain a flood at a location on a stream thatehesrtain probability of occurring in any year.
If a larger flood occurs, then that structure wiieoretically be overtopped. If during the
overtopping the dam or levee fails or is washed tet water behind it is released to become
a flash flood (Perry, 2000).

Flash floods are the most deadly and damaging &frftbods. This is because they happen
without warning and deliver massive amounts of-fastiing water. Sadly, they are also the
most common kind of flood. Flash floods are alsacimshorter in duration than river floods.
Most of the water has disappeared again after enfaws.

Urban Floods
Urban floods are usually caused extreme local alinEombined with blocked drainage

systems. This type of flooding depends on soil tapdgraphical conditions and the quality of
the drainage system (Douben, 2006b).
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Figure 1.4 Urban Floods (Spences Lane)

These increasingly common floods are the resulirb&n/suburban sprawl, where developed
land areas lose their ability to absorb rainfalevBlopment may increase runoff up to six
times over what would occur naturally in its absenc

In the developed world, most exposed populatioms potected from flooding by various
structural measures (e.g., UK, the Netherlands Jaghn). In the developing world, flood
defences are less developed and the exposed popslare more often subject to flooding,
resulting in loss of life, disruption, economic $p®tc. People in developing countries, have
less capacity to adapt to change and are more raldigeto environmental threats, floods and
global change, just as they are more vulnerabigiter stresses (UNEP, 2002).

Floods are the most common occurring natural disssthat affect humans and their
surrounding environment (Hewitt, 1997). The wongberienced between 1700 - 2500 (major)
flood events between 1985 and 2003; more then &D%e floods occurred in emerging
countries (US$ 2,976-9,205 GNI/ capita), approxehatt5% in Asia and about 25% in the
Americas (Douben, 2006a).

Table 1-1 shows the number of flood events on oental scale, between 1985 and 2003, as
recorded by the Dartmouth Flood Observatory (DF@J @he Centre for Research on the
Epidemiology of Disasters (CRED). The discrepanabserved can be credited to lack of
information in the areas of study.

Table 1-1 Number of flood events 1985 - 2003 (Doui2906a)

Continents
Africa Americas Asia Europe Oceania

Data Source
DFO 320 649 1186 251 87
CRED 339 443 668 229 55

In Africa, early February 2000, exceptionally heaayns with a return period of 200 years
occurred over Mozambique, north-eastern parts aitfSd\frica, Zimbabwe, Botswana,
Zambia and Madagascar and caused severe floodmghgs et al., 2001; Dyson and van
Heerden, 2001).

The floods in 2000 left a trail of devastation inokdmbique. The affected sectors were
agriculture, infrastructure, including roads, rais, bridges and water control embankments,
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water intake and treatment plants and supply syst&toods left over 700 people dead and
half a million homeless (Mirza, 2003). The UN Workbod Programme reported that
Mozambique lost at least one third of its stapledfanaize and 80% of its cattle. In 2001,
floods destroyed thousands of homes and 27,000 typs. It also affected 400,000 people,
40 people were killed and 77,000 left homeless (VESA001).

Also in 2000 in Zimbabwe, more than 100 people hdieel, and an estimated 250,000 have
been left homeless, exacerbating the country's tweec®nomic crisis in 20 years. In
Madagascar floods caused by two cyclones have doé€®,000 people from their homes,
according to the United Nations, at least 130 head.d

In 2003, during the flood events in Ethiopia theofls killed at least 117 people and more
then 100,000 have been left homeless; another dfl@dave died in Kenya. In western
Kenya some 60,000 have fled rising waters, accgrttinKenya Red Cross Society, and in
Somalia 21 out of 33 nearby villages were abanddesduse of the floods and people were
suffered from lack of food, shelter and medicin@(B 2003).

Throughout the history, the United States of Angefaced many floods, as in 1993 along the
Midwest/ Mississippi area which was the worst flmggdin recorded history, 38,000 homes
damaged or destroyed and 20 million acres of fanchlander water (Floods, 2005).

In 2005 in Central America Hurricane Stan triggeteshvy rainstorms causing floods that
have killed more than 2,000 people in Mexico, Cédta, El Salvador, Guatemala, Honduras
and Nicaragua. As many as 3.5 million people haanlforced to evacuate their homes.

In Latin America in 2005, twenty-eight people hadied and over 220,000 have been
evacuated from their homes in the worst floodingaraguay, Argentina and southern Brazil
since 1983. In 2002 a torrential rainstorm hit Law PBolivia, killing 60, injuring 100 and
leaving over 500 homeless. In north of Colombi2®4, the heavy rains claimed the lives of
19 people and left over 200,000 homeless.

Asia and the Pacific regions are also vulnerable #oods affect the social and economic
stability of various regions and countries. The stdiood in China in 1998 affected 223

million people, 3,004 people were reported deadnilbon were homeless and the economic
loss was over US$ 23 billion for that year. Duén&avy flooding in Cambodia and Vietnam
in 2000, 428 people were reported dead and thenat&td economic loss amounted over
US$250 million. In 1991, 140,000 people acrossvibed were reported dead and in 1998, it
affected 25 million lives (UN, 2003). For the laHd years due to frequent occurrence of
floods, thousands of people have been affectedtdutooding in India, Pakistan, Korea,

China, and Bangladesh destroying their agricultfidtls, residential areas; i.e. livelihood

and food.

Chaotic rainfall events in the ®@entury in Western Europe have increased the oence of
flooding. Floods in the UN European Macro Regionsel 252 disasters during 1985-2004
(Hoyois and Guha-Sapir, 2005). The worst flood éwvesccurred in The Czech Republic
(2002), France (1977 and 2003), Germany (1993 &@2)2 Italy (1970, 1994 and 2000),
Netherlands, Belgium, Poland (1997), Spain (198%eden (1977, 1985 and 1994) and UK
(2000 and 2004) and have affected many human éimdghe environment.

Additionally in 2005 high and medium floods in IadiChina, Serbia, Romania, Germany,
Russia and Bangladesh caused enormous economés lassl high fatalities. Worldwide,

17



water-related disasters claim about 25,000 livesb affect over 500 million others annually.
The annual costs of flood-related losses are nt@e $60 billion; by contrast, in 1950 these
losses were about $10 billion. Floods often ocaequiently, which means that reducing
vulnerability and improving coping capacities iseuident need for people living along rivers
(UNU — EHS, 2006a).

Floods are regarded as the most dangerous andiaratéiral disaster, as seen in Figure 1.5
and Figure 1.6. The number of affected people aed lost due to floods exceeds any other
natural disasters in the past four years. Thisdtiemot new since the damages of floods are
historical in many places.
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Researchers and policy-markers are looking foriptessolutions to mitigate the damages of
floods. There are proposals to add a new MillenniDevelopment Goal: to halve the
proportion of human losses due to water-relatedstiss by 2015.

Many studies describe the possible causes andteféédloods in terms of loss of human
lives and costly damages and possible counter mesasiiat can be adopted to minimize its
consequences (Hall et al., 2004; Sayers et al.2;200nnor & Hiroki, 2005; Naess et al.,

2005, Nicholls, 2004; Plate, 2002; Montz & Gruntfe¥02; Mustafa, 2003). Roughly, the
approaches for flood mitigation and defence cardiveded into two: structural and non-

structural measures.

The structural measures consist of infrastructeetbpment that modifies the river flow,
like dams, barrages, dikes, levees, channellimy,tkeat reduce floods from causing damages
to the population or infrastructure in the floodope area (Douben, 2006b). The basic
principles consist of storing, diverting and/or finement of floods. They usually consist of
large investments for large engineering structumdsch sometimes are inevitable to preserve
the safety and development of a region. Some exasrgie: the Storm Surge Barrier in The
Netherlands, Three Gorges Dam in China, dyke coctstn in several rivers.

The non-structural measures consist of severabatitin measures not modifying the river
flow; such as preparedness, response, legislatim@] forecasting and warning systems,
flood proofing, flood fighting, post-flood rehaltdtion financing, reconstruction and
rehabilitation planning (Andjelkovic, 2001). Tharais to reduce loss of life and damage to
property. It may also include educating, traininggulating, reporting, forecasting, warning
and informing, insuring, assessing, financing,enghig and rehabilitating. Some examples are
the Flood Forecasting Program in Mozambique, Evamlnaof Flood Vulnerability in
Philippines, etc.

The evolution of non-structural measures is alskdd with the need to improve the decision-
making process for flood protection, so that inmestts can be allocated in a more optimal
way. For this purpose the introduction of indices flood protection or other related issues
can be helpful.

Indices provide a good help in the decision-maliracess regarding flood defence, policies,
measures and activities. An Index Number is a nreastia quantity related to a specific
period and/or area (Sullivan, 2002) providing ahodtto relate different measures over time
generally based on high amounts of data. Its agiplity includes a wide range of areas of
study from socio-economic sciences to engineefogne examples of applicable indices are:
Water Poverty Index (Sullivan, 2002), Eco-Enviromtaé¢ Vulnerability Index (Li et al. 2006),
Environmental Vulnerability Index (UNEP, 2004), attte Economic Vulnerability Index
(Adrianto & Matsuda, 2002).

Vulnerability can be reflected through indicatorle indicators allow us to recognize and set
goals and provide guidance for strategies to redutgerability. The vulnerability indicators
allow us to set more precise and quantitative tarfye vulnerability reduction.

Indicators are used to illustrate the present statior progress of a country, river basin, sub-
catchment or urban area in achieving a range ai@uod, social, physical and environmental

goals. The indicators represent data that have bellected by a variety of agencies using

different methodologies.
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Indicators are quantifiable variables that providéormation either on matters of wider

significance than that which is actually measuredw a process or trend that otherwise
might not be apparent (Hammond et al; 1995). Egdgnthey are a means to summarize a
complex reality in a single construct. Gross domegstoduct (GDP), for example, is created
by summing the dollar output of final goods andve®s in an economy over a given time
period (usually a year), and is a general proxy suea for the vitality of an economy

(Vincent, 2004). A change in GDP, for example, @adés if a country is getting richer or

poorer, at least in money terms. The indicators quaamtify the economy, industry, poverty,

environment, vulnerability, etc.

The Flood Vulnerability Index (FVI) (Connor & Hirgk2005) is a method to assess flood
vulnerability on a river basin scale by identifyidgfferent components that influence the
susceptibility to floods of the people who livethrese areas. The current FVI identifies four
main components; climate, hydro-geological, socor®mic and existing counter measures,
which are specified by eleven indicators.

The FVI methodology uses a multiple linear reg@ssanalysis to evaluate the different
weights of each indicator, comparing it with thedwf life and damages. Several case studies
of floods in different rivers basins have beeniedrout to verify the applicability of the FVI
methodology. Its methodology includes two main ¢edi the human and economic impacts
of floods which are calculated separately and afieds combined to generate the overall FVI.

The human index (FV) takes into account the loss of lives, and thenenuoc index (FVi)
considers the material losses caused by floodirentsy Each index has its own set of
indicators which are included in different equasiofhis dual approach allows decision-
makers to select indices (human or economic) dépgnah the orientation of their policy
guestion (Connor & Hiroki, 2005).

1.2 Problem Definition

There is a need to further develop the methodolmgd for calculating the FVI. One of the
problems encountered refers to the homogeneitargel areas, which can lead to unrealistic
results, involving relatively high investments fapnitoring and evaluating the necessary data.
Another problem reflects the avoidance of somecidirs which may reflect a higher or
lower vulnerability to floods. This is for instantiee case for tidal wave influence in coastal
zones.

An evaluation of the FVI assessment, involving &8&bments in the Philippines, shows that
the errors in the equations used are relativebel§€onnor & Hiroki, 2005).

The purpose of this research is to evaluate theeocuimmethod of calculating the flood
vulnerability index in order to make it applicalie sub-catchments and urban scale, so that
the main indicators for different scales are usealcicordance with their significance.

The different scales have different factors whichkes them vulnerable to floods. The
current FVI focuses on the river basin scale, ratigig some of the factors which make sub-
catchments and urban areas vulnerable to floods. dilm of this study is to develop an
improved methodology for FVI which identifies thevgt important factors for each scale.

To analyze the accuracy of the methodology two ages will be examined; one city and
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three sub-catchments in the same river basin amedcdyg and one sub-catchment in two
different river basins, which will also be analyzed

For the first case the cities of Timisoara andghle-catchments of Bega, Timis and Tisza in
the Danube River Basin. For the second case ties cf Mannheim and Phnom Penh and the
sub-catchments of Neckar and Mun, from the Rhimal BMekong River Basins will be
selected.

1.3 Objectives

General objective: To evaluate the applicabilityFdébod Vulnerability Index for different
scales: river basins, sub-catchments and urbas.area

Specific objectives:

» To develop a methodology for FVI which is applialin all scales; urban, sub-
catchments and river basin areas;

» To develop additional flood vulnerability indiceaded on the recognized significant
components that form the system;

» To identify new indicators and analyze their inflaes on the assessment capacity of
flood vulnerability for different scales;

» To compare the developed FVI methodology with tkisteng FVI methodology at the
river basin scale;

» Using methodologies of different vulnerability iods for developing an improved
FVI,

1.4 Methodology

The first task of the study is to review the diéfet literature about risk based indices, with the
purpose of identifying and defining the differeatrhinologies which have been used so far
for different risks (floods, droughts, earthquakesyalanches) and indices (climate

vulnerability, environmental vulnerability, wateoyerty, risk disasters).

After that the different sources of vulnerabilitytiwin the system must be recognized. In the
original FVI methodology for river basin scale foorain components of the system are
recognized: climate, hydro-geological, socio-ecomaimand countermeasures. A revision of
these components must be done on a system anapisach, taking into account a holistic
view and considering the different scales.

The next task was to identify the main factors Whiause vulnerability to floods, regardless
the geographic position, climate and scale. Idgintf these factors will facilitate the
recognition of different indicators to facilitatket development of equations for the FVI. The
indicators must be categorized among the factanstified.

The FVI must have different indicators for diffetestales. The next step is to cluster the
indicators from the different factors into the thiscales. The indicators can be featured in one
or all of the scales, depending on the necessity.

The indicators can have a direct, indirect or botpacts on vulnerability of the area of study.
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They can also be experienced on a short or lomg barsis. Their influence is not always the
same which means they can have different weightdiftarent radicals. It is possible that
some indicators chosen will have a weight of zedoich will leave them out of the equation.
However, an initial weight value for each indicatoust be assumed at this point.

Knowing the indicators needed to compute the F\thatthree different scales, an analysis of
the FVI for diverse areas must be done to comphee results with the existing FVI
methodology, at the river basin scale, and othethaumlogies and indices which can be
compared at all the scales. The other indices tsgleare Environmental Vulnerability Index,
Water Poverty Index, Disasters Risk Index and Gienéulnerability Index. The chosen areas
are presented in Table 1-2.

By comparing and revising the results of the comgWVI, using the developed, the existing
and the chosen methodologies, the method will bthéu developed and improved, taking
into consideration some steps that the other metbgies have applied to increase its
efficiency as indices.

Table 1-2 Selected areas for studies

River Basins Sub-catchments Urban Areas
Rhine Neckar Mannheim
Mekong Mun Phnom Penh

Tisza
Danube Timis
Bega Timisoara

This part of the research involves trial and etooshow how the methodology is representing
reality. Changes in the weights of the indicatdtee number of indicators and possibly
changes in the methodology itself will provide attée relationship among all the FVI
methodologies. The results will be presented uGits)
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Chapter 2 Conceptualizing vulner ability

2.1 Who and what isvulner ability?

Defining vulnerability can help us understand tlestbways to reduce it. The main objective
to assess vulnerability is to inform decision-maker specific stakeholders about options for
adapting to the impact of flooding hazards (Doul2896b). The aim of vulnerability studies
is to recognize correct actions that can be takereduce vulnerability before the possible
harm is realizedThe need for vulnerability analysis is noted inestific literature, and the
concept includes natural vulnerability, social \arebility and economic vulnerability.

The notion to vulnerability has changed over thet [20 years. There have been several
attempts to define and capture what is meant byerability, the use of the term varies

among disciplines and research areas. There arg ditierent schemes which classify the

components and the factors of vulnerability; theaapt still has many different meanings for

different people, among different disciplines afdst.

In socio-economic sciences Ramade (1989) includdssi approach of vulnerability, human
and socio-economic terms; involving the predispositof goods, people, buildings,

infrastructures and activities to be damaged, offefow resistance, as it was introduced in
the 1980s in some geographical studies. These kittdies interpreted the vulnerability of a
geographical or territorial system as the resultiferent behaviour and coping capacities in
socially, economically and technologically hetemgeus contexts (Menoni, 1997).

Watts and Bohle (1993) look to the social contdxbarzards and relate (social) vulnerability
to coping responses of communities, including tatiesistance and resilience to hazards.
They were trying to find an easier way to underdtand reduce the concept through a better
understanding of the social background.

Vulnerability in described by the Internationaleé&gy for Disaster Reduction (ISDR) (2004)
as the conditions determined by physical, sociahnemic and environmental factors or
processes, which increase the susceptibility obmmunity to the impact of hazards. The
concept tries to understand which of the factoraase relevant to community vulnerability.

In 2005, Veen & Logtmeijer broaden the concept aefinerability to explain flood
vulnerability from an economic point of view. Hetige vulnerability is characterized as a
function of dependence, redundancy and susceptib8iusceptibility is the probability and
extent of flooding. Dependency is the degree toctvtan activity relates to other economic
activities in the rest of the country. Redundangythie ability of an economic activity to
respond to a disaster by deferring, using subsstat relocating. Redundancy is measured as
the degree of centrality of an economic activityainetwork. The more central an activity is,
the less it encounters possibilities to transferdpction and the more vulnerable it is for
flooding.

Gheorghe (2005) explains vulnerability as a funciid susceptibility, resilience, and state of
knowledge.

Social science’s approach to vulnerability focusesthe human’s capacity to respond to
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hazards and to promptly recover from damages asgk#o They require little knowledge of
the physical system, since their aim is to expsaiciety’s behavior.

Natural sciences take another point of view to aixplulnerability; they mainly focus on the
physical system to defined vulnerability, leavingt ocio-economic characteristics of the
system.

Chambers (1989), described vulnerability as a piatiefor loss, with two sides: an external
side of shocks and perturbations to which a systeexposed, and an internal side which
represents the ability or lack of ability to adeiglya respond to and recover from external
stresses.

Jones and Boer (2003) explain as the amoumoténtial damagecaused to a system by a

particular event or hazard. Sarewitz et al. (208 into account inherent characteristics of a
system that create thgotential for harmbut are independent of the probability of any
particular hazard or extreme event. Green (200g)esses athe potential for a receptdio

be harmed. These three (quite similar) definitic® contemporaneous and express
vulnerability as potential damage or harm.

Included in the physical aspects which naturalrsms look to explain are the hazards of
climate change. The International Panel of Clin@tange (IPCC) has evolved its definitions
of vulnerability through the years. In 1992 theyfioed vulnerability as the degree of

incapability to cope with the consequences of datange and sea-level rise.

In 1996, SAR defined vulnerability as the extentwbich climate change may damage or
harm a system; it depends not only on a systenmsitbaty, but also on its ability to adapt to
new climatic conditions. It is seen as the residomgdacts of climate change after adaptation
measures have been implemented (Downing, 2005k déiinition includes the exposure,
susceptibility, and the capability of a systemedoaver, to resist hazards as a result of climate
change.

IPCC TAR (2001) explains the concept of vulner&piis the degree to which a system is
susceptible to, or unable to cope with, adversecesfof climate change, including climate
variability and extremes. Vulnerability is a furwsti of the character, magnitude and rate of
climate variation to which a system is exposedjuiog its sensitivity and its adaptive
capacity. Briefly summarized as:

Vulnerability = Risk (predicted adverse climate mafs) — Adaptation

The definitions described above have evolved, & 8AR and TAR, to include social
components to explain vulnerability. During the @88and especially the 1990s the
relationship between human actions and the effedtsdisasters, the socio-economic
dimension of vulnerability, has increased. Improwkddinitions on vulnerability describe a
holistic view of society, involving the natural asdcio-economic aspects of the system.

Early in the 1990s, Heyman et al. (1991) and Alebeain(1993) focused their definitions on
exposure to biophysical hazards, including theyamslbf distribution of hazardous conditions,
human occupancy of hazardous zones, degree ofll@sto hazardous events and the analysis
of characteristics and impacts of hazardous eveBwsh definitions use the concept of
vulnerability to measure the capacity to resistastp of hazards.
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Blaikie et al. (1994) describe vulnerability as aasure of a person or a group’s exposure to
the effects of a natural hazard, including the dedo which they can recover from the impact
of that event. This explanation of vulnerabilitcimdes the term susceptibility as perceived
by Penning-Rowsell & Chatterton in 1977.

Cutter (1996) defines vulnerability as a hazarghlate which encompasses biophysical risks
as well as social response and action. This defimis increasingly gaining in significance in
the scientific community in recent years.

Klein and Nicholls (1999) express vulnerability five natural environment as a function of
three main components: resistance, the abilityitostand change due to a hazard, resilience,
the ability to return to the original state followi a hazardous event and susceptibility, the
current physical state, without taking into accoternporal changes. Their definition is
specifically relevant to society.

Pelling (2003) denotes vulnerability as exposureigk and the inability to avoid or absorb
potential harm.

The vulnerability of human settlements is intriradlig tied to different social processes. It is
related to the fragility, the susceptibility andckaof resilience of the exposed elements
(Cardona, 2003). The author calls the exposuresipll fragility. He tries to holistically
integrate the contributions of physical and sosiences to define a vision of indicators
which create vulnerability.

Vulnerability is the degree of fragility of a (na&lior socio-economic) community or a
(natural or socio-economic) system toward natuaabinds (EPSON, 2006).

Vulnerability = Damage potential + Coping capacity

Klein (2004) developed a scheme to explain theractéion between the components of
vulnerability, as presented in Figure 2.1 and Fegi2

* Vulnerability = f (exposure, sensitivity, adaptive capacity).

,,,,,,,,,,,,,,, .
i
| Potential impacts | Adaptive capacity
Vulnerability

Figure 2.1 Interaction between the components farability Klein, (2004)
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» Sensitivity, adaptive capacity = f (vulnerability).

Viinersbity

Adaptive capacity
Vulnerability

Figure 2.2 Interaction between the components farability Klein, (2004)

This revision demonstrates that vulnerability igjistered not by exposure to hazards
(perturbations and stresses) alone but also residéise sensitivity and resilience of the
system experiencing such hazards.

Based on these definitions, vulnerability is comsadl in this study athe extent of harm,
which can be expected under certain conditionxpbsure, susceptibility and resilience.

Combing all the definitions above, we decide thatfollowing vulnerability equation is:

Vulnerability = Exposure + Susceptibility — Resilee

2.2 Vulnerability to floods

In the above mentioned vulnerability definitiortse thazards exposed on societies differ from
definition to definition. Some of them give a dédfion of vulnerability to certain hazards like
climate change (IPCC, 1992, 1996 and 2001) or enmiental hazards (Blaikie et al., 1994);
(Klein and Nicholls, 1999), (ISDR, 2004), but moimportant for this research is the
definition of flood vulnerability (Veen & Logtmeije2005).

In the past United Nations (1982) have defineddlealnerability as the degree of loss to a
given element, or a set of such elements, at esllting from a flood of given magnitude and
expressed on a scale from 0 (no damage) to 1 {tatahge). This definition falls short on this
research focus, since it only considers some aspactmportance in the study of flood

vulnerability.

Since the quantification of vulnerability can hetpdecision making processes, parameters
and indicators (indices) should be designed to yrednformation for specific target areas

and they should provide information to counterchttdifferent hazards which societies face,

like floods. In recent years the impacts of flodus/e gained importance because of the
increasing amount of people, economic activitied anosystems that are impacted by its
adverse effects.

Societies have developed close to water accessndpits people to search for innovative
ways to control and prosper with the more limitedaurces as the population grows, adding
pressure on the water resources. A distinctiontmamade over the most and least creative
sorting them as developed and developing countries.
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Societies in the developed countries are well dagah their innovations have turned their
back to the river system; most of them are heagilgineered, confined and leveed, safety
standards are basically sufficient to prevent flofDouben, 2006). This society’s
vulnerability to floods is mainly reflected by pdss economic losses as development grows;
the cities grow into flood prone areas, leadingntdbeases in economic assets and increasing
its vulnerability to floods.

The damages will be extremely high when a floodedeé structure fails, especially in
urbanized areas, where the most important indssarie located. For example; an interruption
of electricity will cause all the system to suffand the economic damages will be enormous.
In the developed countries the losses will be ctdlé in the economy, there will be little
losses of lives.

Developing countries are characterized by high fadfmn density, widespread poverty, high
rates of unemployment, illiteracy, enormous pressaon rural land, and an economy
traditionally dominated by agriculture and deperndandeveloped countries.

The societies of developing countries are vulneraiol floods because ofirst, socio-
economic conditions in terms of poverty and lackie¥elopmentsecondmnost of the dams in
developing countries are not multipurpose (PagépRahird during floods, planning, design
and implementation of the measures are inadequaténaffective (Vaz, 2000)ourth rural
areas depend heavily on agriculture and are gdéyeraire affected than urban aredifth,
lack of educationsixthlack of non-structural measures; dastly there is a lack of adequate
human and material resources to tackle the masksaster-like floods that occurred in the
past (Mirza, 2003).

Because of their vulnerability often millions ofgpes become homeless and hundreds of
thousands are in need for food and medicines. Houselustries, infrastructure and
agriculture will be completely destroyed. In thesmintries the losses of floods are mainly
cultural, people, agriculture and cattle; the retarction costs are huge, these societies
depend on the international aid (Davidson, 2004).

All societies are vulnerable to floods, under dif& cases and situations, which make them
somewhat unique; understanding the distinctionsrasiothem, may help to plan ahead and
provide policy ideas to improve the quality of Idéthe people living in them.

A practice in defining vulnerability comes from nedl hazards, such as floodshe extent to
which a system is susceptible to floods due tosKpoa perturbation, in conjunction with its
ability (or inability) to cope, recover, or basitgaladapt.

2.3 Systems Approach

The systems approach aims to identify the intevastiof different actors or components
within certain defined boundaries. It is considetede a holistic and reductionist approach
of understanding complex processes. Their basetbaraderstand the processes within the
boundaries which transform all inputs into outputs.

2.3.1 Thewater resource system

Management of water resource systems poses righe ®conomic, social and environmental
well being of communities, regions, nations andmately the world. It is of national and
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international interest to identify and evaluate remuically viable, socially acceptable and
environmentally conscious water management stedetgi sustain river basins in general, as
well as other world water and agricultural resoar@®ROWE, 2005).

Figure 2.3 illustrates the interrelationships, ctawrily and reach of management decisions
related to water issues, at a family level, comryigvel, regional level and ultimately
global level.
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Figure 2.4 a) and b) Water resource system'’s satesys and its interactions (van Beek, 2006)
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Van Beek (2005) identifies three interdependentsgsitems in the water resources system,
Figure 2.4 a) and b) illustrates their interactioonsisting of:
» The natural river subsystem NRS, in which thesitsl, chemical and biological
processes take place
» The socio-economic subsystem SES, which inclibessocietal (human) activities
related to the use of the natural river system
» The administrative and institutional subsystentS Af administration, legislation
and regulation, where the decision and planning matagement processes take
place.

Each of the three subsystems is surrounded withiown environment. The NRS is delimited
by climate and (geo) physical conditions, the SE®rmed by the demographic, social and
economic conditions of the surrounding economiektha AlS is formed and bounded by the
constitutional, legal and political system.

The NRS insists of thenatural subsystenof rivers, lakes and their embankments and
subsurface soils and the groundwater aquifer; ittieastructure subsystenlike canals,
reservoirs, dams, weirs, sluice, wells, pumpingifdaand waste water treatment plants; the
water itself, regulated by physical, chemical and biddatjprocesses which is influenced, by
human factors (www.essp.org). The boundaries oNfR& can be defined clearly.

The SES, the water use and water related humawitisti However the economic system
generally does not have a physical boundary like miatural system. The factors that
determine the socio-economic activities in the ytacea are now and in the future usually
analyzed in the context of the problem being arely@van Beek, 2005). The SES can be
specified for any scale ranging from the local camity and its surrounding environment to
the global system (Gallopin et al. 2001).

To characterize the AIS, the responsible instituteshe national, regional and local level
have to be identified. At the country level theldeling aspects can be distinguished: the
central government, a coordinating body, regiomaliés (provinces, districts, cities, villages)
and water supplying and user organizations.

2.3.2 Floods and the water resource system

Floods can be considered as a disruption in a dumationing of a water resource system.
There are three main systems that are affectedobgd, with boundaries depending on the
scale: the river basin system, the sub-catchmestésyand the urban system (Figure 2.5).

Figure 2.5 Boundaries of a Water Resources System

Floods distress four components of the water ressusystem, each of them belong to one of

29



the subsystems described before, and their interscaffect the possible short term and long
term damages. The components can be assessedféngmdifindicators to understand the
vulnerability of the system to floods. The compasesre: social, economical, environmental
and physical.

The social component is part of the SES; the flogdaffects the day to day lives of the
population that belongs to the system. The sociopament relates to the presence of human
beings and encompasses issues related to e.giedefes in mobility of human beings
associated with gender, age, or disabilities; Foadn produce destruction of houses,
disruption in communication ways, or even kill pEogncluded in this component are the
administrative arrangements of the society, comgsbf institutions, organizations and
authorities at their respective level.

The economic component belongs to the same subsyasethe social component. The
economic components are related to income or isaiésh are inherent to economics that
are predisposed to be affected. There are manyoatoractivities which can be affected by
flooding events, among them are adversely agriceiltdisheries, navigation, power
production, industries, etc. The breakdown of thasgvities can influence the economic
prosperity of a community, region or a country.

The environmental and physical components enconthasdRS. In recent years floods have
intensified due to e.g., lack of environmental em@ss, creating even more damages to the
ecosystems; if the flood water is polluted or iijka sedimentation processes occur, ecological
systems can be disrupted significantly (Haase, R00®e environmental component
continues to relate to the interrelation betweea sector and the environment and the
vulnerability associated with this interaction (edran, 2006). Activities such as afforestation,
deforestation, urbanization and industrializatiavén enhanced environmental degradation,
creating effects like climate variability and seadl rise, increasing the potential occurrence
of floods.

The physical component is the other part of the NR8omprises geo-morphological and
climatic characteristics of the system, and diffiérafrastructures, like channels, reservoirs,
dams, weirs, levees which have shaped its physioaditions. The physical component
relates to the predisposition of infrastructuredoéodamaged by a flooding event. More than
being affected by floods, this component may rediscadverse consequences.

NRS

< S

Environmental
&
Physical

Social
&
Economical

Figure 2.6 Link between subsystems and components
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The relationship between the components affectefiiologs and the subsystems of the WRS
are shown in the Figure 2.6. The social and ecocaimiomponents comprise the socio-
economic and the administrative and institutiongdlsystem.

2.4 Flood Vulnerability Factors

Water resource systems are vulnerable to floods tduéhree main factors; exposure,
susceptibility and resilience. The vulnerabilityasfy system (at any scale) is reflective of (or
a function of) the exposure and susceptibility fattsystem to hazardous conditions and the
ability, capacity or resilience of the system t@peoadapt and/or recover from the effects of
those conditions (Smit & Wandel, 2006).

Understanding each concept and considering ceiridinators may help to characterize the
vulnerability of different systems, by which centactions can be identified to decrease it.

241 Exposure

Exposure can be understood as the values thatreser at the location where floods can
occur. These values can be goods, infrastructurktural heritage, agricultural fields or
mostly people. Exposure is the extent to which propis located in flood risk areas,
determining also the extent that occupants aresegto (UNDP/BCPR, 2003). Exposure is
generally described as patterns and processes wiithate its intensity and duration.

The indicators for this component can be separiatédo categories; the first one covers the
exposure of different elements at risk and the rsg@cone give details on the general
characteristics of the flood.

The first category of indicators supplies informatiabout the location, elevation, population
density, land-use, their proximity to the rivereithcloseness to inundation areas. The second
category provides information about return perigilequency of occurrence) of different
types of floods in the floodplain and similar tchéBe indicators tell us of the frequency of
floods in floodplains, their duration and magnitude

The return periods refer to the probability of sta@i® extreme event to occur. However, some
regions experience floods without being an extrerent, generally depending on the type of
flood. Five different types of floods can be idéetl: Stagnant and urban floods, flash floods
(which requires a different approach of thinkingéduce vulnerability), river floods, coastal
floods and lake floods, which influence the secoatdgory of indicators.

Urban floods occur mostly as a result of the impeahility of buildings and roads. In time of
heavy precipitation, the large amount of rain wat@nnot be absorbed into the ground and
leads to urban runoff. These types of floods depemdhe topography and soil conditions
(Douben, 2006). Flash floods are caused by shoitgeof intense rain, often occurring over

a very small area and typically in conjunction withunderstorms. They can also occur by the
sudden failure of a dam or dikes. River floods #re result of abundant rainfall, usually
continuing for a period of days or weeks over gdaasrea. The ground becomes saturated and
cannot cope with any more water so that the rawdldirectly into the rivers. Coastal floods
can occur along coastal zones. Coastal and estutioods occur when the sea level rises
beyond its normal fluctuations or/and in conjunectieith high river flows. Land subsidence
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and progressive sea level rise are also factotsrtbeease the height of the sea level beyond
its normal fluctuations. Low-lying island stateslazpastal areas are vulnerable to this type of
flooding. Lake floods occur when exceptional pesiad precipitation or long lasting inflow
from streams increase the water level of lakes.s@hgpes of flood, with different flow
regimes and interventions strategies can createrelift kinds of vulnerability in river basins,
depending on the local situation.

The second category includes indicators like damatiflow velocity, extent of flooding,
sedimentation load and inundation depth. They atdiche severity of inundation as well as
its distribution in space and time.

Exposure indicators provide specific facts abowtalndous threats to the diverse elements at
risk (Messner & Meyer, 2005).

Exposure is defined as the predisposition of aesygb be disrupted by a flooding event due
to its location in the same area of influence.

The disruptions in the systems can be interpresethanages and losses. They are categorized
as direct, resulting from the physical contact lobfl water with damageable property, or
indirect, resulting from the interruption or distigm of social and economic activities.
Damages and losses from floods can also be cledsifi tangible, for which a monetary value
can be easily assigned, or intangible, for whichametary value cannot be easily assigned.

Examples of damage in these four categories arkalH2000):
> Direct, tangible: loss of food and appliances,asfructure collapse;
» Direct, intangible: loss of photographs and negstji\heirlooms, loss of life;
» Indirect, tangible: days absent from work and cleahgpending patterns;
> Indirect, intangible: quality of life lessened dwoestress, delays in formal education.

2.4.2 Susceptibility

The concept of susceptibility, or sensitivity, rdeveloped through the years. For example
Penning-Rowsell and Chatterton defined susceptitiii 1977 as the relative damageability

of property and materials during floods or otherdrdous events. The IPCC (2001) argued
susceptibility as the degree to which a systenifected, either adversely or beneficially, by

climate related stimuli. At this moment the defimit is still argued and is creating confusions
between social and natural scientists (Gallopi®620

For Di Mauro (2006), susceptibility combines th&elihood of a hazardous event, the
differential exposure and the potential sensitiafya target. |.e. the degree to which a target
could be potentially damaged or affected by a gikamard and the existing capacity of this
target that could potentially reduce this levetlafmages (e.g. existing measures of prevention,
mitigation, etc.).

Susceptibility relates to system characteristiosluding the social context of flood damage
formation. Especially the awareness and preparsdokaffected people regarding the risk
they live with (before the flood), the institutiotigat are involved in mitigating and reducing
the effects of the hazards and the existence dfilplesmeasures, like evacuation routes to be
used during the floods.

In this study susceptibility will be defined #t elements exposed within the system, which
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influence the probabilities of being harmed at sneé hazardous floods.

Susceptibility indicators evaluate the sensitivifyan element at risk during a flood event.
Three categories of indicators can be distinguisisedial, infrastructure and institutional.
Figure 2.7 shows some examples of susceptibiliticators, according to their category.

[ Social Indicator:  Awareness, Prepareess,
Age, Poverty, People with
especial needs, Education

Susceptibilit Infrastructure Communication:
Indicators Indicators: development, Shelters
Capacity, dams, levees

Institutiona Level of Trust, Quality of service «
Indicators: water utilities

\

Figure 2.7 Susceptibility Indicators by category

Awareness and preparedness indicators for indilsduend communities reflect the
attentiveness of threatened people and commuridredealing with hazardous events. This
includes, for example the number of householdseptetl against physical flood impacts by
means of technical measures, like dikes or damesntimber of people with insurance against
flood damages, etc. These measures can only be taddere flood events occur. Other
indicators, like the number of persons ready fdioacn disaster management, as well as the
guality of flood protection measures and disastanagement organizations or institutions,
can be measured only during flood events, reféidare 2.8 (Messner & Meyer, 2005).

The ability of individuals and social systems tmdli@ the impact of floods is often correlated
to general socio-economic indicators. These indisaémbrace general information on age,
poverty, gender, race, education, social relatiomsjtutional development, and population
with special needs (children, elderly or disablgdy., Blaikie et al. 1994, Watts/Bohle 1993,
and Smith 2001). The location and condition ofoersion routes can serve as an important
indicator of the susceptibility to floods of a @t area.

Susceptibility

Awareness Dealing and

Preparedness coping

Il &2
BeforeﬂoodsJ [ During floods ]

Figure 2.8 Susceptibility framework

After having identified and quantified the most ionfant indicators for exposure and
susceptibility in a narrow and a broader sensés ithe task of vulnerability analysis to
identify the most important relationships betweepeeted flood damages and the exposure
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and susceptibility characteristics of the affectsmtial, economical, environmental and
physical components, within the system. The systambe defined as a river basin, a sub-
catchment or an urban area (Messner & Meyer, 2@&)h of these systems is more or less
exposed to flood events and more or less susceftithem.

Vulnerability can be described by the physical, impceconomical and environmental
characteristics of a system that explain its paaéi be harmed in cases of floods. It can be
expressed in terms of functional relationships leetw expected damages regarding all
systems and the susceptibility and exposure clersiits of the affected system, referring to
all the different types of possible flood hazards.

2.4.3 Reslience

During the 1990s, the results of studies on comm@gstems influenced the concept of
vulnerability, stressing the relation between vudindity and resilience of a system and
providing new conceptual tools for vulnerabilitydtes (Galderisi et al. 2006).

Originally, resilience was defined by Holling in7Zl®as “a measure of persistence of systems
and their ability to absorb change and disturbaaue still maintain the same relationships
between populations and state variables”. A dédinimore in tone with social science, but
still remarkable useful for this study. Walker Q20 argued that resilience is “the capacity of
a system to absorb disturbance and being reorghmibéde undergoing change, so as to still
retain essentially the same function, structureniily and feedbacks”.

Resilience is the capacity of a system, communitgaziety, potentially exposed to hazards
to adapt to any change, by resisting or modifyisglf, in order to maintain or to achieve an
acceptable level of functioning and structure (@akl et al, 2006)Pelling (2003) defines
resilience as the capacity to adapt, to adjudtreats and mitigate or avoid harm.

Resilience to flood damages can be consideredinrgiaces with past events, since the main
focus is on the experiences encountered duringadted the floods. Floods are a physical
disruption which threats social, economical an@ovironmental systems. Flood resilience
can be expressed as the ability of a system or aomtynto defy or alter itself so that the
harm of floods is mitigated or minimized.

The actual amount of flood damage of a specifiodl@vent depends on the vulnerability of
the affected socio-economic and ecological systeore broadly defined, on their potential
to be harmed by a hazardous event (Cutter 1996).

Resilience indicators are composed by coping céipadexisting means to deal with the state
of emergency and to balance short-term impactg, tikganization capacities, emergency
resources, etc.) and by recovery capacities (egistieans to return to the equilibrium of the
system and to balance long-term impacts, oncetéte sef emergency is over). Resilience is
therefore analyzed through a political, administegtand social organizational evaluation (Di
Mauro, 2006).

During floods, coping capacity indicators must ut technical systems, because the social
impact of floods significantly relates to the sysdality of basic infrastructure and lifelines
which support the population’s supply of basic reedite water, energy or food. Technical
indicators specify flood-specific weaknesses arel dbility of socio-technical systems to
withstand the consequences of flood events likekdrg water supply, waste water treatment,
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communication systems and energy supply, see figleand 2.10 (Gasser and Snitofsky,
1990; Platt, 1990).

After the flooding event, recovery capacity indarat refer to the impact of floods on
economic, social, environmental and physical corepts

Capacities of hospitals,

During  Floods/ ghelters, Emergency
Coping Capacity: response, Institutional
Resilience capacity
Indicators After Floods/  Insurance, Strategies, Amount of
Recovery investment,
Capacity:
N~

Figure 2.9 Resilience Indicators

Resilience

Handling and Survive

coping Recuperate

& iyt
Duringfloods} [ After floods ]

Figure 2.10 Resilience framework

In this studyresilience is defined as the capacity of a systeendure any perturbation, like
floods, maintaining significant levels of efficignim its social, economical, environmental
and physical components.

25 Summary

Vulnerability is a term with many meanings, depegdbn the specific topic emphasized
social vulnerability, biophysical vulnerability, @womic vulnerability and environmental
vulnerability.

Every vulnerability factor (exposure, susceptiiliand resilience) represents a set of
indicators, which can help to better understandixtbaknesses of a region to floods.

This framework figures 2.11 and 2.12 aims to makleerability analysis consistent; provides
the broad classes of factors and linkages that dema coupled system’s vulnerability to
hazards (Turner Il et al. 2003).

The framework emphasizes that place-based vulriyadmmalysis needs to consider multiple
scales (i.e., processes and hazards at local,nagiand global scales), and that it needs to
analyze the coupled human-environment system irintegrated rather than reductionist
manner (Fussel & Klein, 2004). The same framewarnk lbe applied for all the sub-systems
as social, economical, physical and environmentataction with the factors of vulnerability.
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Figure 2.12 presents a more detailed picture offdéleeors of vulnerability and shows the
relationship between the three factors, giving radication of the changes needed to reduce
vulnerability. It is seen that changes in the resde can affect the susceptibility of a system.
For example the susceptibility will affect the respe capability, forcing adjustments in the
resilience for future flood events which in itselbdifies the susceptibility of the system.

Macro poliical economy, instihutions, s
globad trends and transiticns
Vulnerability
Variability & change Exposure Susceptibility Resilience
in human conditions
: —_—
Coping/
I 4 k] Human Sldeicsd
= conditions Impact/ Impact/
Interactions of hazards Characreristics = response
= (perturbations, stresses, |— ] s &
% & components I
strassare) of exposure
'I Adjustment & l
L | Environmental adaptation/

response

conditions
Variability & change e
in environmental - FR—|  § _ adaptation/

conditions

Environmental Influences outside the Place

Figure 2.11 SUST vulnerability framework. Full framork (Turner Il et al. 2003)
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Figure 2.12: SUST vulnerability framework detaifeamework (Turner Il et al. 2003)
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This framework shows human conditions only in thisceptibility. However, it has also
important determinants of the resilience of humawirenment systems, as is reflected in the
concepts of coping capacity.

Therefore, any flood vulnerability analysis reqsirsmformation regarding these factors,
which can be specified in terms of exposure indicatsusceptibility indicators and resilience

indicators.

Finally, the vulnerability of a system to flood ewe can be expressed with the following
general equation, also found in Figure 2.13

Vulnerability = Exposure + Susceptibility — Resilee

Exposure

+
Susceptibility

Elements at risk

Characteristics of floods

Awareness! Preparedness

Capahility to cope

Coping Capacity
Recovery Capacity

Figure 2.13 Factors of Vulnerability
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Figure 2.14 System vulnerability
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All systems are in hazard, but their vulnerabilgflects the possible damages which can be
expected in the case of an event. All the companeah be affected by floods, after the
events, new components must arise and give feedimaokduce the vulnerability towards
future flood events, see Figure 2.14.

Vulnerability is a relative concept; it depends the differential access of the people,
buildings and infrastructure to the social, ecorgnanvironmental and institutional sub-
systems. Vulnerability is different for each hazasddifferent for each location, different for
every person or family.

A system at risk is more vulnerable; when it is enexposed to a hazard and the more it is
susceptible to its forces and impacts. Howevesjllitbe less vulnerable the more resilient it
is.

From the vulnerability equation, high exposure digh susceptibility lead to increases in
vulnerability. On the other hand, high resilieteecls decreases vulnerability.
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Chapter 3 Vulnerability Indicators

An indicator, or set of indicators, can be definasl an inherent characteristic which
guantitatively estimates the condition of a systémey usually focus on small, manageable,
tangible and telling piece of a system that cae gigople a sense of the bigger picture.

While indicators play an increasingly important ippl role, they capture only synoptic
aspects of a system at the scale at which thegpoieed.

Vulnerability indicators are commonly used in vukglity assessment. The first step in an
indicator-based vulnerability assessment is tocselalicators. The standard practice is to
assemble a list of indicators using criteria sush suitability, following a conceptual
framework or definitions, availability of data, asénsitivity to formats.

Vulnerability needs to be reflected through indicat The indicators should allow decision
and policy makers to recognize and set goals aadige guidance for strategies to reduce
vulnerability. The vulnerability indicators shoutdovide additional information to set more
precise and quantitative targets for vulnerabifigguction. System indicators facilitate the
analysis of the relative state of the overall systéad they should reflect the socio-economic,
environmental and physical condition of the geofgrapegion.

Procedures for indicator selection follow two getepproaches, one based on a theoretical
understanding of relationships and one based ofist&tal relationships. Conceptual
understanding does, however, play a role in bolte first approach represents a deductive
research approach and the second an inductivercbsaaproach.

The deductive approach to selecting indicatorslira®proposing relationships derived from
theory or conceptual framework and selecting indicaon the basis of these relationships. In
the deductive research approach, verification wve®lassessment of the goodness of fit
between theoretical predictions and empirical eavige(Adger et al., 2004).

Identifying the shortfalls and potential for impmg the indicator selection and such
assessments is crucial. The outcome of the test ioentify weaknesses or scope for
improvement in any one of the steps in indicatolec®n, including definitions of
vulnerability, theoretical approaches and assumptimade, conceptualization, weighting,
and data collection and analysis.

There are two aspects to dynamism critical to iatgic studies: first, that local capacity and

command over resources, and thus vulnerability,sheped by processes and thus vary in
time and space; and second, that individuals, Hmids, social groups and communities may
be faced by multiple pressures at the same tinody a8 economic change or political conflict

(de Waal 1989).

Inductive research often uses empirical generaizat filled with empirical content and
statements of empirical regularities. Theory cdesig generalizations derived by induction
from data: in other words, the finding of patteimslata that can be generalized.

A large variety of indicators are widely used todayriaanse, 1993; DFO, till 2006, CRED,

till 2006, World Bank (WB), 1994, 1997), for exarmapthe detailed World Bank Africa
Database 2005, consisting of almost 1200 indica(@v®, 2005). Many studies about
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vulnerability indexes stress on the issue of inica below is a description of the indicators
used for different vulnerability indices.

3.1 Environmental Vulnerability Indicators

The Environmental Vulnerability Index (EViyas developed by the South Pacific Applied
Geosciences Commission (SOPAC); the purpose oEHes to represent the vulnerability

of small island developing states (SIDS) to a ranf@atural and anthropogenic hazards,
based on 50 indicators of vulnerability; these catrs represent risk, resilience and
environmental integrity or degradation.

The EVl is defining its indicators as “smart indicatorie authors (Pratt et al., 2004) use 50
indicators “which aim to capture a large numbeeleiments in a complex interactive system
while simultaneously showing how the value obtaimethtes to some ideal condition”
(UNEP, 2004). The indicators selected for use | HYI are based on the best scientific
understanding currently available and have beerldped in consultation with international
experts, country experts, other agencies and sttgreups. The indicators are classified into
5 categories (Kaly et al., 1999):

» M = Meteorological,

» G = Geological;

» B = Biological,

» C = Country Characteristics; and

» A = Anthropogenic.

The 50 indicators selected to measure environmentakrability are classified into a range
of sub-indices including: hazards, resistance, dgmalimate change, biodiversity, water,
agriculture and fisheries, human health aspectsertiication, and exposure to natural
disasters. These indicators can be grouped inée tbub-indices namely:
» REI = Exposure to natural or human risks / hazards
» EDI= Environmental Degradation Index. This index asares the present
status of the 'health' of the environment. It isdzhon the assumption that past
impacts affect the ability of the environment tetate new impacts.
» IRl = Intrinsic Resilience Index

Environmental indicators are of a heterogeneousreathat is they include variables for
which the responses are numerical, qualitative @andifferent scales (linear, non-linear, or
with different ranges). Several different indicatare used resulting in a wide variety of
different unit measurements.

The indicators are chosen based on expert judgnibay, are heterogeneous and their
resulting values are rated on a scale of 1 to ™ Wirepresenting high vulnerability, an
overall average of all is calculated to generateuntry’s EVI. The index has been applied to
a limited number of SIDS to date.

3.2 Social Vulnerability Indicators

The indicators foSocial Vulnerability to Climate Change for AfricBCC)were chosen as
a determinant of vulnerability. The indicators ooxy indicators have been chosen within the
constraints of data availability. The majority oflicators used in the index are derived from
the World Bank which compiles approximately 800 Wddevelopment Indicators from data
derived, either directly or indirectly, from offadi statistical systems organized and financed
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by national governments.

The process of developing indicators involves utadety at several levels. Adger & Vincent
(2005) present aocial vulnerability index (SVIjo illustrate the issues of uncertainty in
adaptivecapacity. Table 3-1 shows the summary of variakledicators and data sources
used in the SVI (Vincent, 2004).

The SVI is an aggregate index of human vulnerabittclimate change-induced changes in
water availability that is based on the weighteérage of five composite sub-indices, as
shown in Figure 3.1:

Poverty/standard of living (80%)

Economic wellbeing
and stabilitv (209%)

Growth in urban populations (20%)

Dependency ratio (50%)

Demographic

structure (20%) Proportion of population with HIV/AIDS (50%)

Social
Vulnerability Global inter-
Index (SV1) connectivity (109)

Trade balance (100%)

Public health expenditure as % of GDP (80%/60%)

Institutional stability
and wellbeing (40%)

No of telephones per 1000 population (20%/20%)

Global corruption index (20%)

IWIANINAY

Natural resource
dependence (10%)

e rural population (100%)

Figure 3.1 Structure of the aggregate Social Valbidity Index, composite sub-indices, and
components indicators (Adger & Vincent, 2005)
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Table 3-1 Summary of variables, indicators and dataces used in the SVCC (Vincent,

Determinant
of
vulnerability/s
ub-index

Component
indicators

2004)

What each indicator represents:

Hypothesised functional
relationship between
indicator and vulnerability

Data source

Economic
well-being and
stability

Standard of
living/poverty

population below income poverty line,
2000. The % of the population living below
the specified poverty line.

The greater the population
below the income poverty
line, the greater the
vulnerability.

World Bank
(2002)

Change in % urban
population

change in % urban population between
1973 and 2000, based on midyear
population of areas defined as urbanina
country.

The greater the change in
wrban population the
greater the vulnerability.

UN (2002)

Demographic
structure

Dependent
population

population under 15 and over 63 as %0 of
total, refers to de facto population, ie. all
people actually present in a given area ata
given time.

The higher the dependent
population, the greater the
vulnerability.

UN (2001)

Proportion of the
working population
with HIV/AIDS

Adults aged 15-49 living with HIV/AIDS
as a percentage of the population aged
between 15-49 in 2001

The higher the proportion
of working population with
HIV/AIDS, the higher the
vulnerability.

UNAIDS and
WHO (2002)

Institutional
stability and
strength of

public
infrazticmre

Health expenditure
as a proportion of
GDP

public health expenditure as % of GDP in
1998: recurrent and capital spending from
central and local government budgets
(mncluding donations from international
agencies and NGOs) and social (ot
compulsory) health inswrance funds.

The higher the health
expenditure as a proportion
of GDP, the lower the
vulnerability (inverse).

World Bank
(2002)

Telephones

number of mamnland telephone lines per
thousand population in 2000.

The highet the number of
telephones, the lower the
vulnerability (inverse).

ITU (2002)

Corruption

composite index using data from 13
sources from 9 instifutions and perceptions
of well informed people with regard to
cotmuption. in 2002,

The lower the score (ie. the
higher the coruption), the
higher the vulnerability
(inverse).

Transparency
International
{Hodess, 2003)

Global intes-
connectivity

Trade balance

Net trade in goods and services (BoP,
current USS, 1999). Derived by offsetting
impotts of goods and services against
exports of goods and services. Exports and
impotts of goods and services comprise all
transactions ivelving a change of
ownership of goods and services between
residents of one country and the rest of the
wotld.

The more negative the trade
balance, the higher the
degree of vulnerability
(inverse).

World Bank
(2001)

Natural
resource
dependence

Rugal populaticn

% of rural pepulation, defined as the
difference between the total population and
urban population in 1999,

The higher the rural
population, the greater the
vulnerability.

The SVI is calculated through a simple equatiorlégran, 2006):

SVI=0.2 lewb + 0.2 Ids + 0.4 lis + 0.1 Igi + Qrird

In this equation:

lewb is the indicator associated to economic weilhd;

Ids is the indicator related to demographic stngtu
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lis is the indicator associated to institutionalbslity;
Igi is the indicator related to global interconneity;
Inrd is the indicator associated to natural resedependence.

The weights have been assigned to each indicatosuggestions emanating from an expert
group. Most of the data has been acquired frommat@nal sources such as the World Bank,
UN agencies, ITU, and Transparency InternationasuRs for 50 countries in Africa are
presented in Figure 3.2:

Social Vulnerability Index

i
=
j o
=
_
-0
=
=
(Va1

Dijbouti

Country

Figure 3.2 Social Vulnerability Index for Africa psoposed by Vincent (2004)

The SVI essentially comprises predictive indicatafrsulnerability based on existing insights.

3.3 The Composite Vulnerability Index for Small Idand States (CVlgs)

A group headed by Dr. Briguglio (2003; 2004) hasrbdeveloping a composite vulnerability
index in relation to the small island developingtes. The aim of the index is to point out the
intrinsic vulnerability of such states in companso large countries which possess several
advantages associated with their large scale.

This index is composed of four indicators:

> A two-level indicator which expresses whether ¢bentry is considered a small or large
state, with numerical values 1 or 0 respectively;

> The vulnerability or susceptibility of the couniryrelation to natural disasters;

> The economic exposure of the country, which hanl@ssessed via the export dependence,
which in turn is assessed in terms of the averagerés of goods and non-factor services as a
percentage of the GDP; and

> The lack of diversification, which has been chterazed in terms of the UNCTAD
diversification index

Through the use of weighted least squares routthesindex is represented mathematically
through the following equation:
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CVligis= 1.4142 + 0.0096 Vul x D + 0.0322 Ex-Dep + 3.3812
In this equation:

Vul represents the susceptibility of the country taratdisasters;

D is a two level indicator for the respective counegarding its status as a small state;
Ex-Dep represents the economic exposure of the country;

Div stands for the lack of diversification in a partarucountry.

The selection of weights has been carried out ussggession techniques and eliminating
extreme values that might shift the index in uneesidirections. Of the 111 countries (both
small and large) over which the index has beensasse 11 have been eliminated on this
issue of extremes values.

The results from this method are presented in EigtiB which displays the C¥§ as a
function of the countries labeled on the horizostille.

Composite Vulnerability Index
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Figure 3.3 Composite Vulnerability Index for couesr of the world according to the model
developed island developing states (Villagran, 2006

The results can be summarized as follows:

> The proposed method does display that small statesn general more vulnerable than
large states, but this could be a direct outconteeproposed method.

> The degree of vulnerability is independent of @BP per capita. Many countries with
high GDP per capita are indexed with a higher walhiity than countries with a low GDP

per capita.

3.4 Global Risk and Vulnerability Indicators

The United Nations Environment Programme (UNEP)iddon of Early Warning and

Assessment (DEWA) and GRID-Geneva are developiigsasters Risk Index under their
Global Risk and Vulnerability Trends per Year (GRAY) project. This index will be used
for systematic inter-country comparisons, and lsuitith GRID-Geneva’'s Project for Risk
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Evaluation, Vulnerability, Information and Early Wiing (PREVIEW).

The GRAVITY project examines the major hazard types
cyclones,

droughts,

floods,

windstorms,

volcanoes and

earthquakes.

YVVYVYVYYVY

A major element of the project is to develop indic# human exposure to these hazards,
using grid data. The conceptual framework used BYEP is represented by the following
formula:

Risk = frequency x population x vulnerability
Where:

Risk = number of expected human losses per expgogaalation per time period;

Frequency = expected (or average) number of eyemtsme period;

Population = number of people exposed to hazard;

Vulnerability = expected percentage of populatiassl due to socio-political-
economic context.

Global Risk and Vulnerability Index Trends per YE&RAVITY), describe the concepts,
data and methods applied to achieve the Disastk IRdex (DRI). Categories of potential
vulnerability indicators were defined as (Peduzzle 2002):

Economy;

Dependency and quality of the environment;

Demography;

Health and sanitation;

Politic;

Infrastructure;

Early warning and capacity of response;

Education;

Development.

YVVVVYVYYVYVYVYYVY

The socio-economical parameters were chosen tectefhe level of quality of different
constituents of a civil society such as illustraitedable 3-2.

Vulnerability indicator data used in GRAVITY aregduzzi et al., 2001):

» An urbanization indicator was selected in ordemtdude the fact that urban
populations may be more or less exposed to a hakardother populations,
depending on the hazard. Urbanizatisrronsidered an indicator of affectable
population.

» An indicator of corruption was included in the sgien, for it might contain
information about presence of dangerous situatieng, houses built in
hazardous areas. Hence, corrupt®an indicator of vulnerability.

» The Human Development Index was selected becaiwsseihs rather natural
to assume that there is a strong correlation betveeeountry’s development
level and its mitigatiorapacitiesNote that nor life expectancy neither literacy
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rate were selected in the set of vulnerability dext The reason is that life
expectancy and literacy rate were strongly coreelatind that HDI provides
even more information by itself.

Population density is an indicator of affectablepylation. Exposure is
important for a given hazard if population is comcated. This variable is
calculated as follows:

_ Total _ population
Surface

I:)D

Where: B — population density [#];
Total_population — the number of the total pagioh;
Surface — the area [Kin

Ry = |t/ knt]

It is assumed that GDP/capita is an indicator dfigafion capacities. This
variable is obtained through the following formula:

GDR

GDP/Cap= -
Totalpopuhtion

Where: GDP/Cap - Gross Domestic Product per Capita
GDPr — Total Gross Domestic Product [$];
Total Population - # of total population whicHiisng in the area [#];
GDP/Cap J$/4|

Urban growth over last 3 years. The assumptionadenthat fast urban growth
may result in poor quality housing, thus making gleomore vulnerable.
However, this assumption may very well be only diah particular regions.
Yearly urban growth was not used because of its faagiability. Considering
growth over a longer time span is certainly mokelli to represent a risky
housing situation. In that contexitrbang3is considered as an indicator of
vulnerability. This variable was calculated asdols:

urban —urban_,

urbang3 = urban
-3

Where: urbang3 — % of urban growth over the lagt&s;
urban — current urban area [ha];
urbans — urban area 3 years ago[ha];
urbang3 = [-]

Population growth over last 3 yeaopg3. The assumption is made that fast
population growth may create pressure on housimgates, and result in
risky situations increasing vulnerability.

Pop ~ POR_,
PoR-;

popg3 =
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Where: popg3 — population growth over last 3 years;
pop — current population [#];
pop-s — population 3 years ago [#];
popg3 = [-].

Note that this process suppresses 3 years of aigers. Sinceirbanis observable for years
1960-2000urbang3,andpopg3is only observable for years 1963-2000.

This section presents the statistical approachutiierability modelling as methodolog
regression model is defined for each disaster tifpe every disaster type, n observations are
available.

Considering a given disaster type: let Y the vecton observed damages, each element of
vector Y corresponds to a different disaster tregppened in a particular country ¢ at a
particular time t

Y = [victimsict]i=1,...,n

and let X the matrix of vulnerability factors cospmnding to the country and time (when
possible) of yict,
X=[x1i; x2i ; ... ; x7ii=1,...,n

Where:
x1=popdct
x2=corupc2000
x3=hdic1998
x4=gdpcapct
x5=urbanct
x6=urbang3ct
X7=popg3ct
The following linear regression model is proposed:

Y=B-X +¢
Wherep is the vector of parameters:

B'=[B1;Pp2; ... ;p7 ]

ande is a random perturbation satisfying the usual ktypsis of classical linear regression
models.
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Table 3-2 Vulnerability Indicators for GRAVITY (UNB/BCPR, 2003)

Categories of
vulnerahility

Indicators

Drought

Flood
Earthqu.
Cyclones

: 3
Source

Economic

Gross Domestic Product per mnhabitant at
purchasing power parity

Human Poverty Index (HPI)

Total dept service (% of the exports of
goods and services).

Inflation, food prices (annual %).
Unemployment, total (% of total labour
force)

X

WB

UNDP
WB

WB
ILO

Tvpe of
economical
activities

%age of arable land

%oage of urban population

%age of agriculture’s dependency for GDP
%age of labour force 1n agricultural sector

FAO
UNPOP
WB
FAO

Dependency and
quality of the
environment.

Forests and woodland (in %eage of land
area),
%vage of irrigated land

FAO

FAO

Human Induced Soil Degradation UNEP

(GLASOD)
Population growth,

UNPOP
GRID'
GRID®

WB
FAO
WHO /

UNICEF
WHO /

UNICEF

WB
WB
UNPOP
UNPOP
TI
WB

Demography

Urban growth.

Population density,

Age dependency ratio,

Average calorie supply per capita,
%oage of people with access to adequate
sanitation,

Health and
sanitation

%age of people with access to safe water
(total_ urban, rural)

Number of physicians (per 1000 inh ),
Number Hospital Beds

Life Expectancy at birth for both Sexes
Under five years old mortality rate
Transparency’s CPI (index of corruption)
Number of Radios (per 1000 1nh.)

R LR,

Politic

Early warning
capacity
Education

WB
UNESCO
UNESCO

WB

Illiteracy Rate,

School enrolment,

Secondary (%o gross),

Labour force with primary, secondary or
tertiary education

Human Development Index (HDI)

Ml M| e

UNDP

Development

3.5 Climate Vulnerability Indicators

Climate Vulnerability Index (CVIEClimate change indicators help us to determinethédre
our climate is changing or not. These indicatore based on features of climate, like
temperature and precipitation. Others indicate tdrebr not a changing climate is affecting
the environment and people’s lives.

The Climate Vulnerability Index is based on a framek which incorporates a wide range of

issues. It is a holistic methodology for water reses evaluation in keeping with the

sustainable livelihoods approach used by many dorganizations to evaluate development
progress. The scores of the index range on a e€&lé¢o 100, with the total being generated
as a weighted average of six major components. Bittte components is also scored from 0
to 100. The six major categories or componentsiaog/n in Table 3-3:
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Table 3-3 Major Components of the CVI (Sullivan &Mh, 2003)

CVI component

Sub-components / variables

Resource (R)

* assessment of surface water and groundwater availability

evaluation of water storage capacity, and reliability of resources
assessment of water quality, and dependence on imported/desalinated water
access to clean water and sanitation

access to irrigation coverage adjusted by climate characteristics

Access (A)

Capacity (C)

expenditure on consumer durables, or income

GDP as a proportion of GNP, and water investment as a % of total fixed capital
investment

educational level of the population, and the under-five mortality rate

existence of disaster warning systems, and strength of municipal institutions
percentage of people living in informal housing

access to a place of safety in the event of flooding or other disasters

domestic water consumption rate related to national or other standards
agricultural and industrial water use related to their respective contributions to GDP
livestock and human population density

loss of habitats

flood frequency

extent of land at risk from sea level rise, tidal waves, or land slips

degree of isolation from other water resources and/or food sources
deforestation, desertification and/or soil erosion rates

degree of land conversion from natural vegetation

deglaciation and risk of glacial lake outbursts

Use (U)

Environment (E)

Geospatial (G)

In order to assess the CVI in practice, geograplygees were identified; each of these has
particular aspects which make it vulnerable to atenvariability and change. Some of the
possible geographical types and examples of theessand locations where they may be
relevant are Table 3-4 (Sullivan & Meigh, 2003):

Table 3-4 Geographical types (Sullivan & Meigh, 2D0

Geographical
type

Small islands

Example locations Some relevant issues

Sea-level rise, salt water intrusion,
isolation

Pacific atolls, Maldives,
Caribbean islands

Developing
cities

Delhi, Cairo, Lagos,
especially mega-cities

Inadequate infrastructure, social
exclusion, sgquatter communities

Mountainous
regions

Nepal, Bolivia, Ethiopia Glacier loss, land slides, soil

degradation, loss of forest cover

Semi-arid
regions

Sahel, North-east Brazil High rainfall variability, desertification

Low-lying
coastal zones

Indus, Ganges and Nile
deltas

Reduced river flows from upstream,
sea-level rise, salt water intrusion

The methodology used for CVI is based
developed by Sullivan, 2002:

on the maeatlogy of Water Poverty Index

wWR+wA+wC+wU +wWE+wG
CVI =— 2 < . ° g
- ]
W, + W, + W, +Ww, +W, +w,
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Where: R — Resources;

A- access;
U — Use;
C — Capacity;

E — Environment;
G — Geospatial, and
Wr, Wa, Wy, We, We, Wy — the weights of indicators.

Every component is made up of sub-components;dhgonents are joint using a composite
index structure.

There are different vulnerabilities to climate cgansome of the studied are vulnerability to

climate related mortality, social vulnerability éimate change, even some countries have
defined their vulnerability to climate change usdifferent indicators; for example: Canada,

Peru, USA, etc.

Mortality from climate-related disasters can be suead using emergency events database
data set, statistical relationships between maytalnd a shortlist of potential proxies for
vulnerability are used to identify key vulneralyilindicators. Brooks et al (2005) identified
11 indicators;

population with access to sanitation;

literacy rate;

15-25 year olds;

maternal mortality;

literacy rate, over 15 years;

calorific intake;

voice and accountability;

civil liberties & political rights;

government effectiveness

literacy ratio (female or male);

life expectancy at birth.

VVVVVVVVVVYY

The indicators can be divided in three categories:
» Health status;
» Governance;
> Education.

Almost 100 possible indicators were examined fanate change report in Canada (Canada
Council of Ministers of the Environment, 2003). Th2 indicators which remained (Table

3-5) were grouped into two sections. The first amdudes those whose impacts are more
directly on nature; the second, those whose imgaetsnore directly on people (IPCC, 2001).

Table 3-5 Chosen indicators for climate changentépdCanada, 2003

Nature People
sea level rise traditional ways of life
sea ice drought
river and lake ice great lakes—St.Lawrence watezlse
glaciers frost and the frost-free season
polar bears heating and cooling
plant development extreme weather

50



Adger (1999) describes another type of vulnerabifibcial vulnerability to climate change is
the exposure of groups or individuals to stresa sesult of social and environmental changes.
The author proposes a set of indicators to examh@eaelative vulnerability of any given set
of individuals or social situation. Among the ingiors are:

» Poverty: income is taken as an economic indicdtpogerty;

» Resource dependency at the individual level,

» Inequality: as an indicator of collective sociallnerability, which affects
directly the vulnerability through constraining tbptions of households and
indirect through its links to poverty and otherstfas;

» Institutional adaptation at the collective level.

The CVI provides a powerful technique to systenadiijcexpress the vulnerability of human
communities in relation to water resources. It ifiddistic approach which integrates the
physical, social, economic and environmental isslibe results are simple to understand —a
single number can represent the index for a pdatidocation —but at the same time, the
underlying data can be examined, and the wholegssts open and transparent (Sullivan &
Meigh, 2003). The CVI is suitable for examining nvestability to present levels of climate
variability, and it can also be used to examine ithpacts of climate change, combining
climate scenarios with expected changes in soe@nomic, environmental and physical
conditions.

3.6 Flood Vulnerability Indicators

During the last few decades, scientific evidenceg@nted to a marked increase in frequency,
intensity and economic effects of meteorologicédtexl events such as floods. The objective
to develop indicators is to provide decision makeith tools to asses and analyze flood
events

3.6.1 Existing Flood Vulnerability I ndex

Connor & Hiroki, 2005, presented a methodology aiculate a Flood Vulnerability Index
(FVI) for river basins, using eleven indicatorsidead in four components. The index uses
two sub-indices for its computation; the human idehich corresponds to the social effects
of floods; and the material which covers the ecososffects of floods. The purpose of the
FVI is to serve as a tool for assessing flood mkle to climate change in relation to
underlying socio-economic conditions and managerpelities.

The selection of the indicators, shown in Table, 3e@juired the application of a cause and
effect diagram which identified over 40 possiblelicators to be used. The factors were
acknowledged by a group of over 50 participantsnduan event at the Asian Development
Bank Water Week, 2004 (Manila).

3.6.1.1 Flood Vulnerability Index applied for the major river basinsin theworld

The methodology was tested on river basins in Japduere there is a lot of accessible
information. Relatively easily available indicatavere selected tiacilitate the application of
the method to other basins in the world; the resaré shown in Figure 3.4.
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Figure 3.4 Results of FVI computation for majorerbasins (114) in the world, using
Connor & Hiroki (2005) methodology.

Using the Japan data, the researchers used nmaléirliregression analysis to calculate the
weights of each indicator to the human and maté&hé| based of number of casualties and
material losses of past flood events the indicatefiected the actual vulnerability to floods
of each river basin. The weights of the indicateese presented with the following equation:

FVI—C+H +S-M
FVI=(@* 1)+ @ L+ 1)+ (=1, = ls+ T =1+ 15 +15) = (Ig + 1),

Table 3-6 Indicators and components used for exjdEVI

Component Indicator Abb.
Climate Frequency of heavy rainfall Iy
Hydro- Average slope P

geological Urbanized area ratio I3

TV Penetration rate l4

Literacy Rate I5

Socio-Economic Population R_at_e under pove_rty s

Years Sustaining Healthy Life I;

Population in Flood Area lg

Infant mortality Rate I

Investment Amount for structural l1o

Countermeasure Investment Amount for non- l11
structural

As seen in Figure 3.4 the values of FVI using thisthodology oscillate between 0 and 1,
where 1 means the highest flood vulnerability andefresent the lowest vulnerability to
floods.
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3.6.1.2 Flood Vulnerability Index applied for river basinsin Philippines

The methodology was also tested in 18 river basinthe Philippines (Figure 3.5), where
some indicators were added or changed becausekobianformation.

“2 & 2 Mindanao [ | 15 Davao

18 Buayan—Malungon

10 Tagun—Libuganon

Figure 3.5 River Basins in The Philippines
The equation used for The Philippines:

w,C+wH +wS
w,M

m

FVI =

Where:

C — Climate Component;

H — Hydro-geological Component;
S — Socio-Economic Component;

M — Counter measures Component.

Average slope of the basin Highly urban and capital city _
area 7“0 in basin Infant mortality rate

Literacy rate
Tropical cyclone passage 5

3 9 .
years average frequency ——u Z | ZI \ TV penetration rate
| m

x| 42*1=2 g m=4 Years sustaining healthy life
1
FVI = i 2 6 ; Population under poverty
Z n Population density in basin
n=10
/ 5 \
State of structural countermeasures State of non-structural countermeasures
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The methodology included a step of converting tithcators into non-dimensional units, by
interpolating the maximum and minimum of the seéslata obtained, using the formula
shown below:

Value= w
Xmax - Xmin

Using this methodology allows for comparison ofegiess of river basins, but comparisons
between two different series, for example riverimgmdrom different countries, can be
misleading since part of the comparison involvesitiierpolation of data, and not the value
of the indicator itself.

3.7 Summary

Indicators can be a guide to understanding in stimlay the current state of a system, also
indicating the possible strategies to improve tireetioning of the system.

Vulnerability indicators are not something new;ythrewve been used for different risk based
assessment for different fields of study, like atssieconomic, environmental or engineering.
Having an understanding of all these areas of stoaly complement even more the
understanding of the correct functioning of a watestem.

For the development of these indices, the authessed the need to identify indicators
which represent in a clear and objective way tladitge Apart of the EVI and GRAVITY, all
the indices have different weights for each indicatsed, evaluating this individual weight
must be done in a way that the end result imprakesperception of reality given by the
index.
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Chapter 4 Development of Flood Vulnerability Indices for various spatial
scales

4.1 Introduction

The flood vulnerability index (FVI), aims to idefyti hotspots related to flood events in
different regions of the world, so that it can le®rs as a tool to assist planners and policy
makers in prioritizing their areas of interventiamd also as a tool to provide useful
information for awareness rising.

The main idea consists in identifying the differemaracteristics of a system, which will
make it vulnerable to floods on different levelfie€e are considered the social, economic,
environmental and physical aspects of a systemggsetion 2.3.2) which can be affected by
floods.

4.2 ldentifying key indicator s of developed FVI

Since the development of the FVI involves the ustderding of different relational situations

and characteristics of a system with flood eveatdeductive approach to identify the best
possible indicators has been used, based on exjstinciples and the conceptual framework
(Chapter 2). Understanding the causes of floods taed main effects on the different

components of a system led to the recognition efoitimal indicators (Figure 4.1).

UNDERSTANDING

( PHENOMENA w

IDENTIFYING SELECTED
PROCESSES INDICATORS

Q. =

Figure 4.1 Deductive approach processes

Almost 80 possible indicators were examined for ragmg the “new” FVI, taking into
account the following geographical scales: riversiba sub-catchment and urban. 40
indicators were included in the FVI computatiore tlest were taken out of the equations due
to redundancy of definitions, low relevance in floeulnerability or difficulty in obtaining
the required data.

The main reasons to divide the FVI into three défe scales are:

» Vulnerability is geographically and socially difeattiated. Any assessment at
the national level must take account of regionétignas of vulnerability within
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the country and the distribution of vulnerabilityttnn the national community
(Adger et al., 2004);
» It is increasingly recognized that vulnerabilitydsdynamic characteristic, a
function of the constant evolution of a complex inferactive processes
(Leichenko et al., 2002);
Spatial heterogeneity results in more accuratergesmn of reality;
Differences in vulnerability components, as desatifurther below;
Differences in vulnerability factors also descritztbad;
Political and administrative division can facilgadbr impede the availability of
data, according to certain scales. Data from rhasins stretching out over
more then one country will be more difficult toiestte; data from urban areas
may vary from country data;
» The results can be more applicable and understéndatough accumulation
of knowledge of how vulnerability is distributed camow it is developing
throughout the world.

Y VVYY

For each geographical scale indicators have beéacted and divided in four main
vulnerability components (sub-indices):

» Social Component;

» Economical Component;

» Environmental Component;

» Physical Components.

Thesocial componeritcludes indicators which are measures and/or bi@sato describe the
context, capacity, skills, knowledge, values, Wslieand behaviours of individuals,
households, organizations, and communities at wargeographic scaleSocial indicators
are typically used to assess current conditionsadrievements of social goals related to
human health, housing, education levels, recrealtiopportunities, and social equity issues.

The economical componeiitustrates the well-being of the region of studyese indicators
must provide knowledge on the capacity to produte @istribute goods and services which
may be vulnerable to floods. For example, develpmountries are characterized by low
income per capita, human resources deficiencieg, ¢h investment and finance and weak
internal interlink- ages. On the other hand, depetbcountries can be distinguished by large
amounts of investment in mitigation and counter soeas, high life expectancy, flood
insurances, urban planning, etc. If the economield@ment increases, the potential flooding
damages may also increase.

The environmental componeiricludes indicators which refer to damages toainéronment
caused by flood events or man made interferencéshwdould increase the vulnerability of
certain areas. Activities like industrializationgreculture, urbanization, afforestation,
deforestation, among others have been proven tiectegher vulnerability to floods, which
may also create even more environmental damage®se Sif the indicators taken into
consideration are groundwater level, land use éonemic activities or for natural reserves,
degraded area, percentage of urbanized area, tivasge rate, etc.

The first point of view focuses on the susceptipiland fragility of the environmental
component itself.

The physical componertties to explain how the physical condition, eitmatural or man-
made, can influence the vulnerability of a cert&igion to floods. Some indicators found are
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topography, heavy rainfall, evaporation rate, flaeturn periods, proximity to river, river
discharge, flood water depth, flow velocity, sedmagion load, length of coast line, etc.

These components have been linked with the thi@eriaof vulnerability, as shown in Table
4-1. This relationship should increase the robisstrod FVI:

» Exposure: considers the indicators which explaiw Isocial entities such as
individuals, households, organizations, communiti@s economic activities
like industries, agriculture, etc., are exposefldod events;

» Susceptibility: considers the indicators which ered¢ the sensitivity of an
element at risk before and during a flood eveneyltan be evaluated through
levels of preparedness, education, income, comratiait penetration rate,
trust in institutions, forest change rate, etc.

» Resilience: under resilience are the indicatorscivhilarify the ability of a
system to persist if exposed to a perturbationdmpvering during and after
the flood event. The indicators used are warningtesy, evacuation routes,
institutional capacity, emergency service, damsdikes, etc.

This criterion for selecting the indicators wasdise develop dimensionless results. This is

different from the original FVI methodology sindeetdimensionless process does not involve
interpolation between data series.
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Table 4-1 Relationship between components andracto

Owerall Indicatars
Relationzhip between components and Factars

Geographic Geographic Geographic
Seale Seale Saale

Where:

Social Component

-
=
@
£
g
-
E
=]

]

=
£
=]
£
o
@

w

Environmental
Component

Physical Component

R represents River Basin Scale;

Population density

R.5U

Pazt euperience

RS5U

W arning system

R.5U

Population in flood area

R.5.U

Education [Literacy rate]

RS5.U

Evacuation routes

R.5.U

Closeness to inundation area

R.5.U

Freparedness

R.5.U

Institutional capacity

R.5.U

Population close bo coast line

R.5.U

Bwareness

R.5.U

Emergency service

R.5.U

Population under poverty

R.5.U

Trust ininstitutions

R5U

Shelters

R.5.U

% of urbanized area

.5

Communication penetration rate

R.5.U

Fiural population

RS

Hospitals

R5U

Cadastre survey

5.0

Population with access bo zanitation

R5.U

Cultural heritage

50U

Fiural population wio access ko WS

R.S

% of young G elder

5.0

Guality of W ater Supply

5.0

Slums

u

Luality of Energy Supply

5.0

Fopulation growth

54U

Humian health

50U

Lrban plannirig

u

Land use

Unemplayment

Inuestment in counter measures

Pragimity b river

Inc:ome

Infrastructure Management

Clozeness toinundation areas:

Inequality

Dlams & Sharage capacity

% of wibanized area

Cluality of infraztructure

Flood insurance

Cadastre surwey

‘fears of zustaining health life

Recawery Time

Urkan growth

Pazt euperience

Child martality

Dikesf Levess

Fiegional GOP capita

Urkian planning

Ground WL

Matural reservations

Recowery time ta floods

Land use

‘fears of zustaining health life

Environmental concern

Cwer used area

Guality of infrastructure

Degraded area

Human health

Unpopulated land area

Urban gromth

Types of yegetation

Child martality

% of wbanized area

Farest change rate

Topography [slope]

Buildings Codes

Clams & Storage capacity

Geography

Rioads

Gealogy

Clikes f Levees

Heawy rainfall

Fload duration

Return periodz

Prosimity ko river

Soil moisture

Evaporation rate

Temperature yearly average]

River dizcharge

Frequency of occurrenee

Fliow weloity

Starm surge

Tidal

Flood water depth

Sedimentation [oad

Coazt line

S represents Sub-catchment Scale;
U represents Urban Scale.
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With the format of Table 4.1 format four types aflnerability components per scale are
defined, which can be further determined using edi¢he indicators. The availability of data,
the importance of certain indicators and the camdithat all FVI's computed must be
dimensionless for purposes of comparison, led ¢éofthmulation of the equations for each
scale and for each vulnerability component.

4.3 River Basin Scale

A River basin is the portion of land drained byieer and its tributaries. It encompasses the
entire land surface dissected and drained by miegiras and creeks that flow downhill into
one another, and eventually into one river. Thalfatestination is a lake, an estuary or an
ocean (Figure 4.2).

In general river basins require information from rendhan one country, therefore sub-
catchments and urban areas have to be consideda@p@resented as a system in their own.

The data of each country must be interpolatedfteatethe reality of the area of study and not
of the entire country.

Divides of

sub-ba sins\.\

Divide
of main
drainage
basin

Figure 4.2 River basin

The river basin is the largest scale studied for ilssearch. It may include river basins as big
as the Amazon River, the largest in the world waitbre than 7,000,000 Kimor as small as
Rhine River, 185,000 kinor Tagus River 81,600 Km

4.3.1 Componentsand Key Indicators

In total 58 indicators have been taken into consiilen for this geographical scale, as
presented in Table 4.2. However 26 indicators wesed to develop the equations for the
river basin FVI's, for each flood vulnerability fiaac and component, as presented Table 4-2.
The remaining indicators were not applied becau$edifficulties in developing a
dimensionless FVI, redundancy of definitions or ptewity of obtaining the data. Figure 4.3
shows the number of indicators per component aatbifa of the FVI equations, taking into
account the original number of indicators considere
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Table 4-2 River Basin Scale Indicators
River Basin Scale Indicataors

Relationzhip between components and Factors

Closeness bo
inundation area

FPopulation density

Population in Hood
area

¥ of urbanized area

Population close ta
coast line

Rural populaticn

Land uze

¥ of urbanized area

Frowimity boriver

Clozeness bo
inundation area

Over used area
Types of vegetation
Land use
Degraded area

Eniemmmemta Crmrcmem

Unpopulated land area

Cioask Line
Topography
Geography
Geclagy
Heawy rainfall
Flaod duration
Evaporation rate

Temperature
Frequency ot
AccHITAERTR

Frrowimity boriver
River discharge
Sail moisture

Fopulation with
access bo sanitation

Fast experience

Trust in institutions

Communicaticn
penetration rate

Hozpitals

Cluality of Water
Supply
Rural population wio
access to WS
Education
Freparedness
Awareness
Cluality of Energy
Supply

Lnemplayment

Inzome

Inequality

Cluality of
infrastructure
Human Development
Inde

Matural rezervations
Fuarest change rate
Human health
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Emergency service
W arning system

Evacuation routes

Institutional capacity

Amount of investment af
colnter measures

Dams & Storage
capacities
Inifrastructure
[lanagemen

Ec:onomic Recoyveny

Storage capacity

Fioads
Dams i Storage capacity
Dikes f Levees




Indicator per Component

O Physical

O Envitonmental
m Economic

O Social

w
S
]
=
=
=
—
=
=
]
=
E
=

Exposure Susceptibility Resilience

Factors

Figure 4.3 The Number of Indicators per ComponenRiver Basin Scale

4.3.2 Equations

The equations presented for vulnerability composeatt the river basin scale, show the
indicators as a ratio, favouring the omission atsurEach FVI component has its own range
of values, depending on the numerical values ofrtieators, reflecting the need to evaluate
each component on its own.

On a global perspective the results will be presg:im values between 0 and 1; 1 being the
highest vulnerability found in the samples studead O the lowest vulnerability. This
procedure will be used for all geographical scaigsing care that comparisons will be done
only on merits of higher relative vulnerability Wwih the sample.

Flood Vulnerability Index for Social Component

FVig = Pea: Cu Y 4.1
P.,AP,C,..,HDI W, E,

[Peopid%]%]

FVig =
|Peop|§|—||%||—||—|[%]

dimensionless;

Flood Vulnerability Index for Economical Component

L, .Uyl e HDI
F\{J:[ U~ M) neg } 4.2

Aminy, E, Sc/ yeardisclarge

Fui.. = 2ol -]1%)

Ec [—][—][m3lm3] dimensionless;
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Flood vulnerability I ndex for Environmental Component

FVIEH:{ Rainan: D } 4.3

NR'EV’Unpop' I—U

[m/ year]%)

FVlg,=
§ |%||m/ year||%||%|

dimensionless;

Flood Vulnerability Index for Physical Component

T,D,r, Ry, F

D' " o

E,
,D S
/Rainf all —-c

FVlip, = [ ][#][m /Sl[year]*86400" 365 - dimensionless;
|[mnv year] [ ]

[mm/ year|

FVipn =

4.4

Used Indicators

O Exposure
B Susceptibility
O Resilience

Social Economical Environmental Physical

Components

Figure 4.4 Indicators used for River Basin Scale

Figure 4.4 illustrates the number of indicatorsduper component and factor. Each set of
columns represents an equation which together ibescthe FVI of a river basin.

Table 4-3 shows the list of indicators proposed tfog river basin scale for the various
vulnerability components. Each indicator must béaetor of exposure, susceptibility or

resilience.
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Table 4-3 Indicator information for river basirake

River Basin Scale

Name

Units

Definition of indicator

Functional relationship
with vulnerability

Population in Hood prone area

pecple

Mumber of pecple living in Hood prone
area

The higher nurmber of
pecple, higher wulnerakbility

Hurman Dlevelopment Indes

1 11
HO = gULED+ S (ED+< (6D

The higher value, lower

yulnerability

Child Mart ality

Murmber of children less than Tyear ald,
died per 1000 births

The higher number of chilren
higher wulnerability

Fast Experience

# of people aftected in last 10 years
becauze Hoods;

The higher valus, lower
wulnerahility

AwarenesskPreparedness

Fiange between 1-10

10 meanz lower yulnerability

Communication Penetration
Rate

% of howsehalds with zources of
information

Higher percentage means
[cwer wulnerability

Warning system

if Mo s than the value iz 1, iFyes s
than the value iz 10

Having 'S reduces the
wulrerability

Evacuation Fioads

* of azphalted roads.

The beter the quality of
roads, improves the
ewacuation during Aoods

Land Use

* area uzed far industry, agriculture, any
bypes of economic activities

The higher i, the high
yulnerability

Unemployment

Haf _pemple Mnempl
- —————————— ™[I}
Total Fop dpt ToWoek

The higher X, the high

wulnerahility

Imequality

Gini Coefficient for wealth inequality,
betwesn 1 and 1

Where 1means low
yulnerability

Amount of Investment

Ratio of investment over the total GOP

Higher the investment lawer
yulnerability

Economic Recowery

How affected iz the economy of a
reqgion at a large time scale, because of

Higher the recosery lomer
yulnerability

Rainfall

the ayerage rainfallfyear of a whole RE:
bt b

000 *wa war

Rllrf'ﬂ'f =

Higher rainfall, higher

yulnerability

Deqrated Area

¥ of degraded area

Biigger Dig, higher walner abilit

Matural Reseryation

* of natural reseration over total RE
'-‘.'
Tewt!  Areg _of  Fleer _ Bel

W, - #10

Highier ¥, Lower wulnerakbility

Evaporation Fate

Fle, r

yearly enaporation rake

higher GWL, higher
yulnerability

Unpopulated Area

FYle,

% o area with density of population
less than 10 persfkm’

Higher Unpop area, Lower
yulnerability

Land Lze

File,

% of forested area

The higher X, the low
yulnerability

Topography

Fle,

average slope of river bazin

The steaper lope, higher
wulnerahility

# of dayz with heawy rainfall

Fifly

number of days with heawvy rainkall, more
than 100mmifday

higher # of days, higher
yulnerability

Riiver Dizcharge

Fifly

marimum dizcharge in record of the
last 10 years, m*s

higher RO, higher
wulnerahility

Frequency of occurance

Fifly

years between foods

bigger # of years, high
yulnerability

E'u'”::aiuhll

Ewapaoration ratelFainfall

File,

Yearly Evaporation aver yearly rainfall

Higher the Ew, lower
yulnerability

O Sc

Dlams_Shorage capacity

Fle,

The total volume of water, which can be
stared by dams, polders, et

higher m3, higher
yulnerability

Sl

Shorage capacity over yearly

dizcharge

FYle,
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Shorage capacity divided by yearly

violume runok

higher S means lower

vulrerabilit




*HDI — The Human Development Index (HDI) represém average of the following tree
indices:

> Life Expectancy Index LEI LE-25
85-25
» Education Index EI=§ ALl +%GEI
Adult Literacy Index:ALlI - ALR
10C
Gross Enrolment IndexGEl =%

> GDP Index (GI) =/°9(GDPPG ~109)(100
log(4000Q —1og(100

1 1 1
HDI = (LEN) + 2 (EN) + (G,

Where:
LE (life expectancy),
ALR (Adult Literacy Rate),
CGEI (Combined gross enrolment index),
GDPpc (GDP per capita at PPP in $);

The use of HDI integrates other indicators like kfxpectancy, education, or the effect of the
GDP.

4.4 Sub-catchment Scale

SR TR,
il o\VID’Wﬁ,

;7'\ ‘ ?\.

Figure 4.5 Sub-catchment

The term sub-catchment describes an area of latdithins part of a river basin down slope

to the lowest point (Figure 4.5). The water mova®ugh a network of drainage pathways,

both underground and on the surface. Generallgetipathways converge into streams and
rivers, which become progressively larger as théewenoves on downstream, eventually

reaching an estuary and the ocean. Other termsingrdhangeably with watershed include

drainage basin or catchment basin.
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441 Componentsand Key Indicators

For this scale a total of 71 indicators have beemsitlered, presented in Table 4-4. 35 of
these indicators have been selected for the subhoa@int FVI equations. Figure 4.6 shows
the number of indicators considered for each corapband each factor.

Table 4-4 Sub-Catchment Scale Indicators

Sub-Catchment Scale Indicatars
Relationship between components and Factors

AEE.

Fopulation density

Fopulation in flood area

~ of urbanized area

Cadastre surwey
Closeness to inundation

Cultural heritage

Rural population
Fopulation close ko
coast line

Closeness to inundation

oyttt
Land use
* of urbanized area

Prosimity to river
Cadastre surwey

Unpopulated land area
Types of wegetation
Land use
¥ of urbanized area
Degraded area
Ower used area

Coast line
Taopagraphy
Geaography

Gealogy

Heawy rainfall
Flaod duration
Ewvaporation rate
Temperature
Feturn periods
Contact with river
River discharge
Auerage River Discharge
Flood water depth
Flow welocity
Sedimentation load
Coastal bathymetry
Shorm surge,
Flood occurrence
‘tearly Discharge

Fd

Ffa
Ua
Cs=

Ch
Fp

Fopulation with access o

sanitation

Past experience

Human Llewelopment
Index
Freparedneszs

Awareness

Communication

PEnetration rake

Trust in institutions

Hos=pitals

Urban planning
Gluality of Water Supply
Cluality of Energy Supply

Fopulation grawth
* of young & elder

Rural population wio
access o WS

Gross Oomestic Product

Child moreality
Incame
Unemployment
Urban growth
Inequality
Cluality of infrastructure

Matural reservations
Human health
Forest change rate
Ground WL
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Emergecy service

‘W arning system
Evacuation routes

Institutional capacity

Amaunt of investment of
counter measures

Fast experience
IMFFASIFUCILre
hlananameant

Economic Recovery

Storage capacity

Environmental Fecowvery

Dams & Storage capacity
Dikes { Levees




Indicators per Component

OPhy=ical

O Envitonmental

E Economic
O Zacial

o
S
"
=
=]
=
5
1]
£
S
=

Exposure Suzceptibility Reszilience

Factors

Figure 4.6 Numbers of Indicators per ComponenSiab-catchment Scale

4.4.2 Equations

The equations presented in this section aim taecefthe vulnerability of a determined
geographical area, limited by watershed divisionsl aot by administrative boundaries,
adding difficulty to the collection of data.

Some of the indicators which were not includedhie equation of F\4 (social-component)
are: Ga, Qws, Qwe, Cs, PccL, Rewiaws, Ps, Hu, G, Sums Bwaces Up , H and ¢ (see Table 4.4).
Some of them have been excluded for the same rdi&san the river basin scale, other ones,
for example Qws and Qwe, are very difficult to gilg. Cs, Ch, PWaccS and Ic would be
difficult to obtain data; Pccl, for a sub-catchmsaale is hard to obtain data; Slums have very
little information on people are living there, miagjiit difficult to quantify.

For FVIgc (economic component) the following indicators hbeen excluded &, Cs, Q, Ug,
Cwm, GDP, |, 11, Up, Ps, where GDP/cap and | would not differentiate betweub-catchments
and country.

The excluded indicators for FM] (environment component) are presented furthgr @, Ua,
Le, Tv, Gu. The indicator Oua does not help reflects realityjs one of the indicators which
is hard to define and quantify and the Cm indicatiirnot really affect the environment.

The next indicators were eliminated from BV{physical component) T,0-Su, G, G, R, R,

Cs, R/, S5, Fwp, G, G, Pk R. Most of them were excluded because their redatipp with the
physical system may not have an effect on flooserability of the sub-catchment.
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Flood Vulnerability Index for Social Component

0
I:>FA1 RP0p1 /Odisable1 Cm

FVig = 4.5
P.,A/P,C.5, W, E;, HDI
FVig= [person}%[%][—] - dimensionless;
| person¥—||%||—||%|[—]
Flood Vulnerability Index for Economical Component
FVle, = LUHUM,ISnequA 46
L, F . Aminy, CVyear’ Ecr
FVig. = [%][%][_] %] 1 dimensionless;
[--|[euro/ eurdm? / m3J[—]

Flood Vulnerability Index for Environmental Component

FVIEn:|: RainfaII’DA’UG :l 4.7

LU’EV7NR’Unpop

%|%](m/ yean)
%(m/ year)%[%]
Flood Vulnerability Index for Physical Component

FVig,= dimensionless;

FVlpn= T 4.8

E, S
Rainfan’ 7 Vyear D_L

FVlpn =

1., .
i yeaﬂ(mm/ year| lm%flK%

Table 4-5 shows the list of indicators proposed tfeg sub-catchment scale for various
vulnerability components. Each indicator must béaetor of exposure, susceptibility or
resilience.

mJ dimensionless;
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Table 4-5 Indicator information for sub-catchmecdle

Suh-c.att:hment Scale

MName

Sub-
index

Units

Definition of indicator

Functional relationship

with vulnerability

Fopulation
denzsity

FYls

pecplefk.
m2

There is an important esposure o a
given hazard if population is

Higher # of paople, higher
wulnerability

Fopulation in
Hood prone area

Fls

pecple

Mumber of pecple living in flood prone
area

The higher number of pecople,

higher wulnerability

Urbanized Area

Fls .

* of tatal area which is urbanized

higher 2, higher vulnerability

Hlll

Fural population

FYls

* of population living cutside of
urbanized area

higher 2, higher vulnerability

¥ of

disable

Dizable People

F'ls

% of population with any kind of
dizabilities, alzo people less 12 and
more than 65

higher 2 higher wulnerability

HOI

Hurman
Development

F'ls

WOl = 3L+ IR 56D

The higher walue, lower
wulnerability

Ch

Child Mortality

Fls

Mumber of children less than 1year old,
died per 1000 births

The higher number of chilren,
higher wulnerability

Fe

FPaszt Experience

Fls

# of people who have been affected in

last 10 years because lood events;

The higher walue, lower

wulner ability

AwarenessiFrep

aredness

Fange betweean 1-10

10 means lower vulnerability

Communication
Fenetration Fate

* of househalds with sources of
information

Higher percentage means
lower vulnerability

‘Warning system

if Mo s than the value s 1, iF yes Wy
than the value is 10

Having WS reduces the
wulner ability

Ewacuation

Foads

¥ of azphalted roads.

The better the quality of roads

improwes the evacuation
during floods

Land Uze

* area uzed For industry, agriculture,

any kypes of economic activities

The higher *, the high

wulnerability

Unemployment

_ _Haf _ peopie Dol w100
Totcad_ Fop_ At Toloek

The higher >, the high

wulnerability

Inequality

Gini Coefficient bar wealth inequality,
between 0 and 1

‘where 1 means low
wulnerability

Life expectancy

Indes

e

LEl- — -~
85 - 25

Higher LEI, Lower wulnerability

Economic

Recowery

The higher #, the high

wulnerability

Flood Insurance

the number flood insurances, if 0 than
take 1

higher # of Fl, lower
wulnerability

Amount of
Inuestment

Ratio of inwestment ower the tokal
GOFP

Higher the investment lower
wulner ability

Dikes_ Levees

km of dikesflevess auver takal length
of river

Langer O_L, lower wulnerabilic)

Dams=_Storage

capacity

amount of storage capacity over area

of sub-catchment

higher capacity, lawer

wulnerability

Fainfall

the average rainfallfyear of a whale FE
I b

= Tooo L oo

Higher rainkall, higher

wulnerability

Degrated Area

* of degraded area

Eigger O, higher wulnerability

Urban Growth

* of increaze in urban area inlast 10

years;

Fast urban growth may result in
poor quality housing and thus
make people more wulnerabls

Land Lze

% of Farested area

The higher 3, the low

wulnerability

Ewvaporation rate

yearly enaporation rate

higher Exw, higher wulnerability

Matural

Fiezeration

% of natural resergation cwer takal SC
Auux +1000

Higher 2, Lower wulner ability

Tadal_Arae_af _ River  Bool
area
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Sub-catchment Scale

MName

F¥
Factor

Units

Definition of indicator

Functional
relationship with

Unpopulated Area

E

=

% of area with density of population
les= than 10 persikm®

Higher Unpop area. Lower
wulnerability

Topography

E

average slope of sub-catcment

The steeper slape, higher

wulnerability

River Oischarge

magimum discharge in record of the

lazt 10 years, m*'s

higher RO, higher

wulnerability

Frequency of years between floods bigger 3 af years, high

oCCUrrence
Evaporation

ratefBainkall
Oams_Storage
capacity
Auerage River

wulnerability
Higher the Ew, lower
wulnerability
higher m, higher wulner ability

EvlRi.icin Yearly Evaporation over yearly rainfall

O Sc amount of storage capacity owver area
of sub-catchment

average river discharge at the mouth

AuFid

DOischarge
Storage capacity
oner yearly
discharge

Scfvyear Storage capacity divided by y=arly higher S means lower

wolume runcff

Used Indicators

Number of Indicators

NNV

O Expasure
B Susceptibility
O Resilience

Econormical Environmental Fhysical

Components

Figure 4.7 Indicators used for Sub-Catchment Scale

Figure 4.7 illustrates the number of indicators,coyponent and factor, used to develop the
equations to compute flood vulnerability at the-salchment scale.

45 Urban Scale

The traditional concept of a town or city woulddé&ee-standing built-up area with a service
core with a sufficient number and variety of shapsl services, including a market (Figure
4.8). It would have administrative, commercial, ealional, entertainment and other social
and civic functions and, evidence of being his@hcwell established. A local network of
roads and other means of transport would focueratea, and it would be a place drawing
people for services and employment from surroundnegs (Statistics UK, 2001).

The urbanisation process itself is one of the cawdeflood disasters. The loss of natural
retention areas, previously provided by marsh paddyother agricultural areas, due to urban
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expansion has allowed floodwater to travel morekjyito receiving streams, swelling them
beyond their capacity (UNU, 2005). The phenomerorxacerbated by the paved urban
landscape and the continuing urbanisation. Addhmet the urban areas are highly dense
populated make them especially vulnerable to flefielcts.

]@ e Moscva
| " .
E- e —
7 =~
;
- ]

1 The Hebrew Univeraity of Jeraselen & The Jewish Naiussl & Universiy Library

Figure 4.8 Example of Urban Scale

In general, the cities or urban areas, followedyesettlers who located along river banks for
water supplies and transportation. In some cakesgity is surrounded by many rivers that
regularly overflow such as Dhaka which is surrouhdg five rivers; here the floods are a
normal occurrence and usually not an outstandiegte{fKastrupUNU-EHS, 2006).

The Chinese city of Wuhan is cut through by the ¢fae River - the third biggest river in the
world - and lies at the estuary of its longestut#ry (Hanjiag River). Another example is the
Mississippi River, which has more than 50 citiesngl its trial ending in the Mexico Gulf

near the city of New Orleans.

45.1 Componentsand Key Indicators

Table 4-6 shows 63 indicators which have been densd for this geographical scale. The
distribution of indicators over the vulnerabilitpraponents and factors is shown in Figure 4.9.

Indicators per Component

o3
e
=
=]
=
=
=
—
S
=
b
=
E
=
=

O Physical

O Envitonmental
B Economic

0O Social

Exposure Susceptibility Resilience
Factors

Figure 4.9 Numbers of Indicators per Componentfdran Area Scale
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Table 4-6 Urban Scale Indicators

rban Area Scale Indicators

Relationship between components and Factors

Closeness ba inundation
areas
Fopulation density

Fopulation in flaod area

Cadastre survey
Cultural heritage
Fopulation close to coast
line:

Slums

Industries

Frogimity boriver

Cadastre survey
Closeness ba inundation
areas
Contact bariver

Land use
Degraded area
COer used area

Coast Line

Coast line
Topography

Geography
Gealogy
Heauwy rainkall
Flaod duration
Evaporation rate
Temperature
Frequency of occurrence
Riiver discharge
Average River Dizcharge
Flood water depth
Flom welocity
Sedimentation load
‘fearly Discharge
Storm surge
‘fearly runoff
Progimity bariver
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Fopulation with access to
sanitation
Fast experience
Human Development
Indes

Freparedness
Awareness

Trust in institutions

Communication
penetration
Shelkers
Cluality of "W ater Supply
Cluality af Energy Supply
Urbian planning
Human health
Fopulation growth
¥ of young & elder

Unemployment

Incame
Flood insurance
Child martality

Urbian gromth

urbian planning
Human Lievelopment
Index
Inequality

Cluality of infrastructure

Matural reservations
Human health
Sea Level Rize
Urban planning

Ground WL

Building codes

Emergency service
‘Warning system
Ewacuation routes

Institutional capacity

Amiount of investment of
CoOUnker measures
Infrastructure
Management
Fast experience

Drrainage

Fecowery time

Environmental Recovery

Oikes f Levees

Dams & Storage capacity




45.2 Equations

Urban vulnerability to floods is mainly driven blyet changes forced by humans on nature on
a restricted area. Characteristics like high dgnsft population, high levels of pollution,
infrastructure development, among other charatiesisof urban areas, increase the
vulnerability to floods.

The following equations aim to gain an understagdihwhat characteristics of cities makes
them more vulnerable to every component of floods.

Flood Vulnerability Index for Social Component

FVIS: PD’ FA’CH 1 PG’%disabIes’ HDI ’CM 4.9
P:, Al P,Cog, SW;, Eg, Eg
eopl
21 peopldl-I%][%] HDI][-]
FVis= m 1 - dimensionless
peopl¢-1[%] . %]l peoplq-]
Flood Vulnerability Index for Economical Component
FVE, - IND’CR’UM’Ineq’UG’HDI’RD’RT 4.10
F,,AminvD_S.,D
FVA- #[k”ﬂ[%][_][%][_a][ms 'slldayd « gg400- dimensionless;
[=1[%][m*][km]
Flood Vulnerability Index for Environmental Component
FVlgn= [—UG Rantal } 4.11
E,. Ly
0
FVig,= M - dimensionless;
(m/ yearn)[%]
Flood Vulnerability Index for Physical Component
FVlpn= T Ce 4.12
Sk (earD L
Raint ai Vyear
FVlpn = [=1Tkmy F 1 - dimensionless;

i ye%m/ year| I.m%anm]
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Figure 4.10 shows the classification of indicatmsong components and factors, used for the
equations which describe the flood vulnerabilityudban areas.

Used Indicators

»
bt
S

=

=
=
=

‘s
s
S

=
=
5

-

O Exposure
H Susceptibility
O Resilience

Sacial Econamical Enviranmental Fhysical
Components

Figure 4.10 Used indicators for Urban Area Scale
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Table 4-7 Indicator information for urban scale
Urban Scale

F¥
Factor

Units

Definition of indicator

Functional relationship with
vulnerability

P opulation density

E

peoplefkmz

3 given hazard if population is
GOncentraked

There is an impartant exposure Lo

Higher # of peaple, higher

wulnerability

FPaopulaticn in flood
prone area

pecple

prone area

Mumber of peaple living in flood

The higher number of people, higher
wulnerability

Cultural Heritage

number of histarical buildings,
museums, ek, in danger when
Hlood oceurs, if none take 1

high # of CH, higher the vulner ability

P opulation growth

areas in the last 10 years

2 of growth of population in urban

fast PG, higher walnerability,

hypothesis iz made that Fast
population growth may create
pressing on housing capacities

% of

disable

Disable People

% of population with any kind of
dizabilities, also people less 12
and mare than BS

higher ¢ higher wulnerability

HOl

Human Dewelopment

Index

H
- %(Mﬂ +E!

1
§i3ﬂ+§i e8]

The higher walue, lower wulnerability

Cn

Child Mairt aliky

Mumber of children less than 1
year old, died per 1000 births

The higher number of chilren, higher
wulnerability

Fast Experience

# of peaple who have been
affectedin last 10 years becauze

The higher value, lawer vulnerability

AwarenessiPrepare
dnigss

Fange between 1-10

10 mean= lower walner ability

Communication
Fenetration Fate

% of households with sources of
information

Higher percentage means lower
wulnerability

Shelters

number of shelters per km®
including hospitals

bigger # of 5, lower vulnerability

Warning system

if M W's than the value is 1, iF yes
‘s than the value iz 10

Having WS reduces the wulnerability

Emergency Service

number of pecple working in this
Service

bigger # of people, less vulnerable
they are

Ewvacuation Foads

% of asphalted roads.

The better the quality of roads,
improves the evacuation during

Industries

# of industries or any types of
BCONOMIc activities in urban area

The higher 2, the high vulnerability

Contact with River

Distance of city along the river

more distance, more yulnerability

Unemployment

I, = Kol opde Uinem o w00
Touat! Pop dpeloPonk

The higher 2, the high vulnerability

Inequality

Gini Coefficient For wealth
inequality, between 0 and 1

‘where 1means low vulnerability

Flood Insurance

the number flood insurances, if 0
than take 1

higher # of F1, lower vulnerability

Amount of
Investment

Fatio of inwestment over the tatal
GOP

Higher the inwestment lower
wulnerability

Oikes_ Levees

Em of dikestlevess

Langer O_L, lawer vulnerability

Dams_Storage
capacity

Storage capacity in md of dams,
palders, etc., upsteam of the city

higher m:3, higher wulnerability

Recowery time

Amount of time needed by the city
ba recoyer to 3 functional
operation after flood events

the higher amount of time, the

higher wulnerability

Rainfall

the average rainkallfyear

Higher rainkall, higher vulnerability

Land Uz

area destined for green areas
inzide the urban area

The higher 2, the 0w vulnerability

Urban Growth

* of inzrease inurban area in last

0 years

Fazt urban growth may result in poor
quality howsing and thus make
peaple more wulnerable

Evaparation

higher e, lawer wulner ability

Topography

average slope of the city

The steeper zlope, higher
wulnerability

Fiiver Dizcharge

74

makimum river discharge in recaor

higher RO, higher vulnerability




Urban Scale
Abb. MName Units | Definition of indicator Functional relationship
with vulnerahility
EiR.:. Ewaporation - Yearly Evaporation cwer yearly | Higher the Ew, lower vulner ability

ratefFaint all rainfall
O Sc Dam=_Storage amount of skorage capacity higher m3, higher wulnerability
capacity

0 Orainage system Km of canalization in the city higher km, low sulnerability
Au0l | Average Discharge

Scivyear | Storage over yearly Amount of storage capacity | Larger storage capacity means

Table 4-7 shows the list of indicators proposedtfar urban scale, for various vulnerability
components. Each indicator must be a factor of sxm susceptibility or resilience.

4.6 Summary

Dividing the FVI into different components, such axial, economical, environmental and
physical and linking them with the factors of vuiaeility, as exposure, susceptibility and
resilience can help identify the weak points ofad defence system (in any scale), and in
that way also assist to propose strategies foramgment of the overall system.

The proposed equations in this chapter link theeslof all indicators to flood vulnerability
components and factors, without balancing or idling from a series of data. These
equations allow comparisons between different giagcal scales, since the outcome of the
computation is dimensionless. Relating all the B\Mtiust be done on a similar basis, that's
why comparisons should be done on dimensionlesdtsedor the same components and
same scales for different study cases.
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Chapter 5 Testing of Flood Vulnerability Indices Methodology at
various spatial scales

5.1 Introduction

This chapter describes the case studies selectedpfiication of the Flood Vulnerability
Indices and the process of data collection for esutial scale. Firstly, a general overview
and description of each case follows. After thatdescription of the sources of data and
assumptions follows and lastly the results of ezade are described and discussed.

The cases are presented starting with larger saaleaning river basins, and finishing with
the smallest scale, the urban areas.

5.2 Casestudy: Description of the three case studies on River Basin Scale

A river basin is the land area drained by a rivad ds tributaries. It includes the entire land
surface divided and drained by many streams tl@av fflownhill into one another, and
eventually into one river. The final destinatiorais estuary, a central river and/or the sea or
an ocean (see section 4.3).

The three river basin case studies were selectedube of different reasons. The Danube
River Basin covers 18 countries, of which 5 areeligwved with strong flood resilience; the

other 12 are developing countries susceptibledod$ and with little resilience. The Rhine

River Basin is formed by 9 developed countrieshvatlarge resilience to floods, and lastly
the Mekong River Basin includes 6 countries of whgomme countries experience a large
exposure to floods because of their physical ctaratics and low resilience.

5.2.1 DanubeRiver Basin

The Danube River Basin is covered by 18 countrfasstria (10 %), Albania (<0.1 %),
Bulgaria (5.9 %), Bosnia (4.6 %), Czech Republi® @), Croatia (4,4 %), Germany (7 %),
Hungary (11.6 %), Italy (< 0.1 %), Macedonia(< @), Moldova (1.6 %), Poland (< 0.1 %),
Romania (29 %), Slovenia (2 %), Slovakia (5.9 %yjt&rland (0.2 %), Serbia (11.1 %) and
Ukraine (3.8 %), as shown in Figure 5.1 (ICPDR,4)00
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Figure 5.1 Danube River Basin (Water Resourcesasptl

The Danube is the second longest river in Europés &pproximately 2,900 km long and
drains an area of about 817,000 km?, with a pojuriadf 80,000,000 people and a mean
annual discharge of 6,500%s. It originates in the Black Forest MountainsGe#rmany and
drains into the Black Sea in Romania (UNEP, 2007).

The Danube river distributes its length in threetisas by function of its elevation: the Upper
Danube (Germany, Austria, Czech Republic) the Middanube (Slovak Republic, Hungary,
Serbia, Croatia) and the Lower Danube (Romaniag&id, Moldova, Ukraine) including
Danube Delta in Romania and Ukraine (ICPDR, 2004).

The Danube’s tributary rivers reach into ten défercountries. Some Danubian tributaries
are important rivers by their own. Ordered from rseuto mouth, the main tributaries are;
lller, Lech, Regen, Isar, Inn, Enns, Leitha, Vahom Ipel, Sio, Drava, Vuka, Tisza (Danube
longest tributary 966 km), Sava, Timis, Velika Maaa Caras, Jiu, Iskar, Olt, Vedea, Arges,
lalomita, Siret and Prut.

The Danube River Basin has a higher resiliencenen upper part. The annual amount of
investment on flood protection is larger here, liseaof its most developed countries. The
river basin is more exposed and susceptible inlakner part because of its larger river
discharge and lower slopes.

During the last century, characteristic maximunoéldevels occurred in 1902, 1924, 1926,
1940, 1941, 1942, 1944, 1954, 1965, 1970, 19741,12802, 2005 and 2006 (ICPDR, 2006).

In August 2002 heavy rains in Central and Eastarroe have led to some of the worst

flooding the region has witnessed over a centufye Tloods have killed more than 100
people in Germany, Russia, Austria, Hungary andGhech Republic and have led to as

78



much as $20 billion in damage (NASA, 2002).

In April 2006, heavy rainfalls coinciding with snawelt, instigated flood events in the lower

Danube, in Romania and Bulgaria. 4,000 people ftoenvillage of Rast in south-western

Romania have been evacuated to schools, hospit#te diouses of relatives in higher areas,
due to a emanate dike collapse (BBC, 2006).

Flooding in the Balkans in 2005 killed dozens objple and destroyed huge swathes of
farmland. Economic losses from 2006 floods arethotight to be as high as they were in
2005 or in 2002.

The Danube basin contains a diverse system ofaldtabitats. Among these are the German
Black Forest, the Alps and Carpathian Mountains,Hlangarian Puszta plains, the Bulgarian
islands and the giant reed beds and marshes &fahebe Delta.

Floodplain forests, marshlands, deltas, floodpkanridors, lakeshores and other wetlands
form the basis of the rich biodiversity in the DhawRiver Basin. In fact, the Danube River
Basin extends into five of the eight bio-geographicalioeg of Europe, each with its own

particular characteristics. However, in those regjandustrialization, population growth and
agriculture have had a negative impact on theaizkbiodiversity of wetlands.

5.2.2 RhineRiver Basin

The countries which are included in this river basire: France, Switzerland and The
Netherlands (20,000 to 30,000 km2 each), Austrid lamxemburg (about 2,500 km2 each),
Belgium, lItaly, Liechtenstein (very small share laand Germany. The Rhine is Western
Europe’s largest river basin, with a length of D,¥2n and a catchment area of 185,000 km?2
and mean annual discharge of 2,200smApproximately 50,000,000 inhabitants live i th
basin (UNEP, 2007).

The river basin has six characteristic river setighe Alp Rhine from the confluence of the
source rivers at Reichenau (Switzerland) to Lakastance, the High Rhine from the outlet
of Lake Untersee to Basel, the Upper Rhine fromeB&K Bingen, the Middle Rhine from
Bingen to Cologne, the Lower Rhine from CologneLtbith and the Rhine Delta from
Lobith to North Sea.

In the Rhine River floods occurred in the last cees during the years: 1819, 1847, 1883,
1918, 1926, 1949, 1983, 1998, 1999, 2000 and 2@, 2006)

The Rhine River Basin has a very high resiliencaods, mainly due to the high amount of
(annual) investments of 419 millions euro (IRMA,020, which is invested to protect its
banks and its people. Many cities and major indaisareas have occupied its banks for
centuries. The major cities are situated alongRhme or its larger tributaries. Its important
tributaries are the Ill in France, Aare, Neckar,ihée.ippe, Mosselle, and Ruhr rivers in
Germany.
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Figure 5.2 Rhine River Basin (Water Resources ashtla

The Rhine has been subjected to enormous amouptdlafants over a long period of time.
In particular high loads of organic waste (sewagsbylted in oxygen levels too low for many
fish species. The Rhine became a dead river, Igasinfunction as provider for drinking
water and depositing large amounts of pollutedreedis in the river’s tidal areas and on its
floodplains (Klein et al., 2004).

The countries along the Rhine River have contrithute restore the river's health, after an
ecological disaster upstream (a fire at a chenm@alufacturing plant at Schweizerhalle (near
Basel) in November 1986 and the subsequent reldfasxic agrochemicals into the Rhine

(Guttinger, 1990)). The return of fish is a cleagnsthat the water quality has improved,
however, several environmental problems remain. &omissue is the Rhine delta basin in
the Netherlands, where toxin-filled mud dredgednfréhe port of Rotterdam has been
dumped since the 1970s. Contamination levels diiaganow, but several old toxins in the

river's sediment are only very slowly being removed

5.2.3 Mekong River Basin

The Mekong is one of the world's major rivers.ditthe 13th-longest in the world, and the
10th-largest by volume (discharging 475 km? of watenually). Its estimated length is 4,620
km (Akira, 2007). It drains an area of 795,000 kof2which some 606,000 Knis occupied

by the Lower Mekong basin that starts near ChiaagnSThailand) at the junction of the
borders of Thailand, Laos and Myanmar. About 90,000 people rely on the river, from
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which 55,000,000 are living in the lower Mekong (RR2005).

The Mekong River Basin crosses though 6 countiieshe Upper Mekong (18%) through
China (16%) and Myanmar (2%), in the Lower MekoBg%) through Cambodia (18%),
Laos (35%) Thailand (18%), and Viet Nam (11%) (MRG05).

Myanmar
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=] 204 ¥ Kilbmets

Political Boundaries (Natl.) . e —
Mekong Basin * s & 2003 World Resourcas Inshi

Figure 5.3 Mekong River Basin (Water Resourcesasitl

The lower Mekong Basin consists of a large det@tiag in Cambodia and finishing in Viet
Nam. The Mekong Delta begins in the city of Phnoem where the river divides into its
two main distributaries, the Mekong and the Bas$ae. Mekong then divides into six main
channels and the Bassac into three to form theg'BWiragons” of the outer delta in Viet Nam.
The main delta is made up of a vast triangulamplehiich is lower than five meters above sea
level, large areas of which are flooded every year.

The main cities and a big number of villages ateaséd on the banks of this river. Also the
agriculture depends very strongly on this riversame of the countries this is the only river
which crosses the country.

The largest tributaries of the Mekong are the MiveRand Chi River (Thailand), the Khan
river joins the Mekong at Luang Prabang (Cambodia).

The Mekong River Basin is exposed to floods dugstdocation in Southern Asia. The most
exposed are the population of Cambodia and Viet Namose flood resilience is quite small.
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The amount of flood mitigation investment hardlymasses 6,000,000 dollars per year, even
though the population is well prepared and awaue,td their experience, with floods.

During the last 40 years (1966 to 2005), 30 notdloleds have occurred with an average
frequency of once in 1.4 years. Of these histdoods, only four were large, covering all the
riparian countries (1966, 1971, 1978 and 1995)jngian average frequency of once in every
7.5 years (FAO, 1999). The 1966 flood is recallseadae of the most disastrous and probably
the longest. It caused unprecedented water lemetee Mekong, inundation of large areas
and extensive damage. Agriculture and agricultunfaastructure suffered the worst damage.
The Laotian flood pattern is also distinct fromttbé& Thailand or Cambodia since floods in
Laos tend to be more ‘flashy’ and frequent thaiifiailand, due to relatively high rainfall in
the Laos mountains and the lack of land use reigaiaglong its tributaries.

The livelihoods and quality of life of several noth people who inhabit this area depends on
the resources of the Mekong River. The lives ofteeple in the riparian countries depend on
the rich natural resources available as global congnlike rice, and other agricultural
products such as fisheries. The imminent revivad@inomic growth in the region, likely to
accelerate with increased trade liberalization emvestments, will have significant impacts
on the livelihoods of communities, on their culi@nd ways of life, and on the ecological
balance of this biodiversity rich region (MERI, 200

5.2.4 Data collection river basin case studies

The river basin scale FVI equations require 26edght indicators, as mentioned in section
4.3.2. In the search for the values of the flootherability indicators for the three case
studies, 15 different sources were consulted. Nieb-sites were sufficient to gather
indicators for all three case studies; CRED, UNDFPR, UNDP, EPI, INTUTE, WRI,
World FactBook, Water Resources eAtlas and FVI.

CRED EM-DATIs the Centre for Research on the EpidemiologyDiasters from the
Catholique University of Louvain in BelgiunNDP is the United Nations Development
Programme; they finance tiB&CPR,which is the Bureau for Crisis Prevention and Recp.
EPI is the Environmental Performance Index, an indexetbped by the Yale Centre for
Environmental Law and Policy to serve as a rese&woh on data-driven policymaking,
environmental indicators, and quantitative evabrabf sustainable developmeTUTE is

a free online service providing access to resoufoessducation and research of social
sciences, developed by a network of UK universigesl partnersWRI is the World
Resources Institute, a United States based enventalist NGO.World FactBookis a
database developed by the CIA with basic inforrmata all the countries in the world. The
Water Resources eAtla@s an electronic Atlas developed by IUCN, IWMI, Rsar and WRI
with information on the watersheds of the worldddastly the existing=VI (Connor &
Hiroki, 2005), which contained data on major ribasins in the world.

The indicators collected in these sources were:, Dild mortality, Evacuation routes, and
unemployment, Gini, GDP/cap, Communication penietnaRate, Population in Flood Prone
Area, Natural Reservations, Unpopulated areas and use (see Appendices I).

Six sources were used for indicators on case speniér basinsMekong River Commission

(MRC), International Commission for the Protection of DaruRiver(ICPDR), theEU-
IRMA Project World Bank UNH/GRDCandEkstrom et al., 2006
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The MRC is an organization which includes all thekdng member states, except China and
Myanmar, aiming for joint management of their sklaneater resources and development of
the economic potential of the Mekong. The ICPDRanisorganization which comprises 13
Contracting Parties who have committed themseh@sintplement the Danube River
Protection Convention. The European Union IRMA Bectj which stands for INTERREG
Rhine-Meuse Activities, is a project for the wh&kine Basin aiming to reduce the effects of
floods. The World Bank (WB) has relevant data ortewaesources of developing countries;
UNH/GRDC is the University of New Hampshire Glolainoff Data Centre and in Ekstrom
et al., 2006 data for climate change assessmangiyzed.

For the Mekong River Basin the MRC provided datgpast experiences annual amounts of
flood mitigation investments, rainfall and evaparatand the WB presented data on storage
capacity. For the Danube River Basin, the ICPDRviplexd data on the river discharge and
Ekstrom et al., 2006 on rainfall and evaporatiaor. the Rhine River Basin the IRMA Project
provided data on the annual amount of investmemtd,Ekstrom et al., 2006 on rainfall and
evaporation. The sources of data collected are shownnex I.

Some indicators were not quantifiable based on ftata different sources, because of their
subjective nature. Indicators likevareness & preparednesse presented on a scale from 1
to 10 to assess the level of each basin, basetieomstitutional capacity, experience and
people’s understandings of flood risks (see Tablg, mnd the Economic Recovery Indicator
was scaled from 10 to 100, based on the size aratioln of damaged economic activities
from previous flood events, see Table 5-2.
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Table 5-1 Scale for Awareness
Urban and sub-catchment

& Preparedness ltatica
River Basin

Indicating

The population has no concern with floods

Floods do not represent a problem to the population

The population has not experienced floods in recent
times

The population has not experienced floods in recent
times

The population has little experience with floods;they
have not created institutions for flood mitigation.
Population does not realize the effects of their actions
tmivards flood pratection

The population has little experience with floods;they
have not created river basin organizations for flood
mitigation. Population does not realize the effects of
their actions towards flood protection

The population has little experience with floods;
institutions have neglected their responsabilities.
Population does not realize the effects of their actions
towards flond protection and are not prepared for
emergency situations

The population has little experience with floods; river
basin arganizations have neglected their
responsabilities. Population does not realize the
effects of their actions towards flood protection and are
not prepared for emergency situations

The population has experienced floods a long time
ago, o that institutions =till exists, popualtion is not
aware of these institutions; budget is enough, there is
no flood ingurance

The population has experienced floods & lang time
ago, =0 that river basin organizations still exists,
popualtion is not aware of these institutions; budget is
enough, population is not prepared

The population has experienced floods; they have
recently created institutions to mitigate the harms of
floods, budget is scarce, awareness and preparedness
i in process of being raised

The population has experienced floods; they have
recently created river basin arganizations to mitigate
the harms of floods, budget is scarce, awareness and
preparedness is in process of being raised

The population has experienced floods for & long time;

they have created and have little trust in institutions to

mitigate the harms of floads, populations has limited
concern over their actions towards fload pratection and
are not quite prepared far emergency situations

The population has experienced floods for a long time;
they have created and have little trust in river basin
arganizations to mitigate the harms of floods,
populations has limited concern over their actions
toweards flood protection and are not quite prepared for
emergency situations

The population has experienced flonds for a long time;
they have created and have some trust in institutions
to mitigate the harms of floods, there is no flood
insurance, population understand the consequences
and restrictions of their actions, they are prepared far
certain emergency situations

The population has experienced flaods for a long time;
they have created and have some trust in river basin
arganizations to mitigate the harms of floods,
population understand the consequences and
restrictions of their actions, they are prepared for
certain emergency situations

The population has experienced flonds for a long time;
they have created and trust in institutions to mitigate
the harms of flonds, limited flood insurance, population
understands the consequences and restrictions of
their actions, they are prepared for emergency
situations

The population has experienced floods for a long time;
they have created and trust in river bagin organizations
to mitigate the harms of floods, population
understands the consequences and restrictions of
their actions, they are prepared for emergency
situations

The population has experienced flonds for & long time
{knaw the patential far floods in the area); they have
created and have high trust the institutions to mitigate
the harms of flonds, they have flood insurances, they
understand the consequences and restrictions of their
actions towards flood protection, they are prepared for
emergency situations

The population has experienced flaods for a long time
{knaw the patential for floods in the area); they have
created and have high trust in river basin organizations
to mitigate the harms of floods, the population
understands the consequences and restrictions of
their actions towards flood protection, they are
prepared for emergency situations
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Table 5-2 Economic Recovery Scale

Scale River Basin & Sub-catchment
Score Indicating
10 All econamic actmities are strongly damaged, and

they may not recover far years

The most representative economic activity is strongly
20 |damaged, but will recover after a long period of time
[years)

The most representative economic activity is
damaged, but will recover after some time (maonths)
The most representative economic activity is slightly
A0 |damaged, but will recover after a shart period of time
[weeks)

50 Some economic activities are strongly damaged., they
will recover after a large period of time (years)

& Some economic activities are damaged., they will
recover after some time (months)

7 Some economic activities are slightly damaged. , they
will recover after a short period (weeks)

some small non-representative economic activities are
80 |very damaged, because of this they may recover only
after a long time

The econarny is damaged slightly in some nan-

90 representative economic activities, which will recowver
in little time

The econamic activities of the region; agriculture,

100 |industry, commerce, ete., are almost not affected by
floods, neither on the shart term or on the long term

a0

For most of the indicators collected on this spataale, the allotment method was used to
determine an average value from data of differenintries, that way giving weight to each

country based on the proportional area representtied entire area of the river basin (Figure
5.4).

_ _ Ac=Area of River Basin in Country
River Basin Boundary | =|ndicator value for Country C

Ve
/ Ag=Area of River Basin in Country B

Country C P Ig=Indicator value for Country B
- =< \Countr

Country A S o

Boundary for country

-
-
>

-
-

Aa=Area of River Basin in Country™R ~
| a=Indicator value for Country A | RA= 1, XA+l x Ag+1 o x A
Thus
A=Total Area of River Basin | = LA XA+ g XA+ XA
I=Indicator for River Basin A

Figure 5.4 Explanation of allotment method (Con&ddiroki, 2005)
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5.3 Resultsand discussions on the River Basin Scale

After data collection only one indicator remainedoe identified. The total storage capacity
of the Danube River Basin is still unknown. Therefa sensitivity analysis was carried out to
evaluate the real weight this indicator has onRYévalue. This indicator influences two of
the FVI components; economical and physical (segmse5.3.2 and 5.3.4).

The remaining river basins studied have data frben dources mentioned in the previous
section 5.2.4. Alongside the FVI values for eachmponent, standardized results are
presented for further comparison between comporamtshe current FVI and also serve the
purpose of easier interpretation. The formula usestandardize FVI values between 1 and 0
is presented as:

FVI asin
SFV| = —tasin 51

FVI

max

5.3.1 Social Component

The values of the indicators were used in equatidn described in section 4.3.2. The FVIs
results are shown in Figure 5.5.

Social Flood Vulnerability Index Social Flood Vulnerability Index
Standardized Value

[
|
5
=
[T

g

Danube Dantibe

0.2 0.528

River Basin River Basin

Figure 5.5 Normal and Standardized Values for Faflsver basin scale

Nine indicators are used to determine the FViseldivided in vulnerability factors as: two
represent exposure, three for susceptibility ardémaining four for resilience.

The river basin most socially vulnerable to floaslghe Mekong, followed by the Danube,
and the Rhine as the least vulnerable. Considénagulnerability factors, the Mekong is the
most exposed, most susceptible and the leastemsileven though in some factors the
difference is not large, as is the case with trseeptibility of all river basins.
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The high resilience of the Rhine River Basin ismhadue to the communication penetration
rate and evacuation roads, which is sometimes thare double the values presented for the
other river basins. The Danube River Basin presigse$f as caught between two extreme
cases.

Some justification can be found in these result$olaking at the amount of people affected
by floods in the last ten years in the three rikasins. The Mekong has experienced five
times more distress than in the Danube and ovén&% more than the Rhine.

5.3.2 Economical Component

Seven indicators are used to determine the FVideesasee section 4.3.2. As mentioned
before, a sensitivity analysis had to be carrietffauthe Danube River Basin with the values
of storage capacity. The results of this analysspaesented in Figure 5.6:

=
™
=
=
o

Value Assume

L o S
S00E+H3  150E+10  250E+10  3A0E+10  AS50E+10 SE50E+H10 B.AODE+ID
Storaye Capacity (m’)

Figure 5.6 Sensitivity Analysis of the Danube RiBasin for Dams and Storage Capacities

Figure 5.6 shows the rate of change of the ecorairi¢| in the Danube River Basin, based
on a ranging in storage capacity. The economicdliEWot largely affected by the value of
storage capacity, however a value of 40 billiohwas used because of the large catchment
area and the storage volume of some of its damseXample Iron Gate | and Il, whom
together store more than 5 billior*m

The results of the economical FVI component, ustgation 4.2 of section 4.3.2, are
presented in Figure 5.7.
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Economical Flood Vulnerahility Index Economical Flood Yulnerahility Index
Standardized Value

Fvl value

a 7

Danube Danube

564 0.061

River Basin River Basin

Figure 5.7 Normal and Standardized Values for F\degver basin scale

As seen in Figure 5.7, the values of the RhinetardDanube are very low compared with
the values of the Mekong, which is over 50 timeghbr than the Rhine and 10 times more
than the Danube.

The indicators selected to analyse the economival f&vours those basins with a large
storage capacity, such as the Rhine and the Daask®e measure of economic wellbeing and
resilience. The Mekong has a higher economicalenalbility due to relative low investments
in flood protection and low storage capacitiesruatgct the economic activities of the region.

The other factors of vulnerability, exposure ansicgytibility, have little influence, especially
exposure which is represented in the equation hyame indicator.

The low value for the Rhine River Basin can be nt&ipreted as not being economically
vulnerable to floods. However this is not the casee all systems can be damaged under
certain conditions. This low value must be intetpdeas that the conditions for which the
system is vulnerable are unlikely to happen. A dewrale study may present more detailed
results for further interpretation, for exampletiady has been done for the Neckar River (see
section 5.5.2)

5.3.3 Environmental Component

Six indicators are used to identify the environmaéRiVI, with the particularity that none of
them represent resilience to environmental factansl 5 of them are a factor of exposure,
leaving only 1 for susceptibility. The results gresented in Figure 5.8.
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Environmental Flood Vulnerahility Index Erwironmental Flood Yulnerahility Index
Standardized values

g
g P
5 =

Danube Danibe

23.81 0540

River Basin River Basin

Figure 5.8 Normal and Standardized Results for tenvental FVI

The results shown indicate that the Rhine RiverirBasmore vulnerable to Environmental
impacts as a result of flooding. However, with vétife difference with the other two case
studies, the Mekong River Basin is the least emvirentally vulnerable. The FVI values are
so close to each other, that a more detailed studgeded for any reasonable comparison.

The environmental exposure of the Rhine is almdsnBs higher than the Mekong; this can
be explained by the large industrialization proceksch the Rhine River has sustained for
decades, leading to an environmental degradatidimeofiver. However, this value is restored
by the percentage of natural reservations whicktari the Rhine after the environmental
concerns of the last 20 to 30 years, leading tatmeept ofoom for the riverswhich is not
(yet) know in the Mekong.

In this case the results may be misleading becafiiee definitions of the indicators. The
susceptibility indicator of Natural Reservationsnche interpreted in different ways,
comparing the western and developing world. Fahirranalysis, downscaling may lead to a
more detailed interpretation.

5.3.4 Physical Component

Like for the Economical component, a sensitivitalgeis had to be carried out to analyse the
influence of the storage capacity for in DanubeeRiBasin on the physical FVI, the results
are shown in Figure 5.6, where it can be seentkiwatate of change for the physical FVI is
much higher than for the economical component. Angle in the assumption of this value
may considerably change the value of the physiddl Fherefore a more downscaled

analysis is needed for this component.

For the assumed value for Storage Capacity of Hi@rbim®, as mentioned in section 5.3.2,
the physical FVI results are presented in Figuge 5.
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Physical Flood Yulnerability Index Physical Flood Vulnerahility Index
Standardized Yalues
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River Basin River Basin

Figure 5.9 Normal and Standardized Results for ieay&VI

The results show a large difference between thedréind the Danube, who are very close to
each other, and the Mekong, which is more thanrséwees higher. This FVI component is
largely related to the storage capacity of the rhaas could well be explained by the
sensitivity analysis made in the Danube River. his tcase, the storage capacity of the
Mekong is very low compared with the Rhine, consitg the uncertainty in the Danube
River Basin.

Six indicators are selected to represent the phlsitinerability to floods, with the
particularity that five of them are exposure indiica and the remaining one for resilience.
The most exposed river basin is the Mekong, butoya large ratio of difference. The main
difference lies in the resilience indicator of eawver basin, represented by the basin’s
storage capacity.

The Mekong presents a storage capacity which & tiimes lower than the Rhine, and six
times lower than the assumed storage capacityedDtnube.

5.3.5 Summary of Results

The different FVI components have been summed loulzde a total FVI, the results are
shown in Figure 5.10. For the river basin scale Fwé results were compared with the
existing FVI methodology (Connor and Hiroki, 2008)hich are presented in Figure 5.11.
Figure 5.12 shows these values in graphical form.

The results for the total FVI show that the Mekdriger is the most vulnerable as it was in
three of the four components explained previouBhe high difference is encountered in the
economical and physical components, where it cambee than respectively ten and five
times as compared to the Rhine and Danube RivenBas

There is much difference between the cases studied. Mekong represents the most
vulnerable of all. The factors which influence thesult can be contributed to exposure and
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resilience. Susceptibility may be the most equalthef factors studied, even though the
Mekong is the most susceptible of all.
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Fvl Values
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@ Dahube 0. 840
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Figure 5.10 Overall Standardized Results for F\R&er Basin Scale

FVI value

0.00 -
Danube

@ Existing FVI 0.89

m Developed FVI 0.16

River Basin

Figure 5.11 Comparison between Methodologies

Policies to improve these factors in the Mekon@rilasin may reduce the vulnerability to
floods in all components. Additional care shouldtaken in increasing the resilience at all
levels, especially with regard to economic and ajcomponents.

The existing FVI methodology (Hiroki & Connor, 200bses the following equation to
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standardize (FVI between 1 and 0) the values obdain

SFV| — I:\/Ibasin B |:\/Imin
FVI .. —FVI..,

5.2

The overall FVI's, illustrated in Figure 5.11 shdwe same trend, with the Mekong being the
most vulnerable, and the Rhine the least, and theube in between. However, for the
existing FVI, the Danube is closer to the Mekong.

The FVI value obtained for the Rhine equals zermtlie existing methodology. This value
can be misleading, since it can be misinterpretethe Rhine having no flood vulnerability.
In the newly developed methodology, there is stilninimal room for vulnerability, even
though in the case of the Rhine this result is Vewny

VI and Developed FVI Results

Legend

SelectedRiverBasins SelectedRiverBasing
Exist_FVI New_FVI

o [ 0146

[ ] 0.999399905895 [ o183

B | K

Figure 5.12 Maps of River Basins, for comparisons\dl methodologies
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5.4 Case study: Description of the case studies on Sub-catchment Scale

As expressed in section 4.4 the term sub-catchaestdribes an area of land that drains part
of a river basin down slope to its lowest point.

For this study five sub-catchments were selectatet in the Danube River Basin: Tisza,
Timis and Bega Rivers, one in the Rhine Basin: ldeékiver and one in the Mekong Basin:
Mun River.

A comparative analysis of the results from rivesiba and sub-catchments (downscaling)
will be carried out to assess the robustness ofF¥flemethodology. These sub-catchments
were also selected because it allows comparisongeba river basins and sub-catchments,
besides comparing some sub-catchments in the saendasin. The selected sub-catchments
have different social, economical, environmental physical conditions.

5.4.1 Tisza Sub-catchment

The Tisza is the longest tributary of the Danub@6(8m in Hungary) and drains an area of

157,186 kmz2 in five countries (Slovakia, Ukraineiritdary, Romania, Serbia and Montenegro)
with a population of 14,200,000 inhabitants. Thegté of the river is 1,358 km and has a

maximum river discharge of 4,008, see Figure 5.13. Its large size it a River Basside

the Danube (Jolankai, 2004, ICPDR, 2004).

The Tisza can be divided into three main sectitims:Upper Tisza in Ukraine, the Middle
Tisza in Hungry, Slovakia and Romania and the Lowsza in Serbia-Montenegro and
Romania. Its main tributaries are: the Bodrog, &l&@omes, Mures, Crisul and Bega.

Large scale floods in the Tisza River occurred889, 1913, 1932, 1940-42, 1947-48, 1964,
1970, 1974, 1979, 1985 (ice-jams), 1993, 1998, 192000 and 2001 (Szlavik, 2003).

Between 1998 and 2001, four extraordinary floodsuoed in the Tisza River Basin.

Considering the magnitude of the endangered afeagopulations threatened, and the goods
damaged, these floods broke every record in thergpd middle Tisza areas (ICPDR, 2004).
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Figure 5.13 Tisza Sub-catchment (UNEP)

The Tisza got into the global spotlight in Janu&300, when two industrial accidents
occurred along a tributary in north-western Romaai#ailing of an explosion close to Baia
Mare (Romania). Almost 100,000°mf waste water, containing 120 tones of cyanidé an
heavy metals was released into the river. The sk@mcident was in March 2000 when
another tail dam burst occurred in Baia Bocsa, rttaerial was retained within the dam
complex (ICPDR, 2004).

5.4.2 Timis Sub-catchment

The Timis is a 359 km long river originating in tBemenic Mountains, southern Carpathian
Mountains, Caras-Severin County, Romania (Figuid)5.lt flows through the Banat region
into the Danube near Pancevo, in northern Serlfia. drainage area covers 13,085 km?2 (in
Romania 8,085 kmz, in Serbia 5,000 km2) with a pgaten of around 800,000 inhabitants.
The maximum river discharge measured was 1,296 at Graniceri in 2005.
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Figure 5.14 The Timis River (DFO) and b) Floodstlom Timis River in spring 2005

The Timis River main tributaries are: the Raul Re8katina, Valea Mare, Rugiu, Armenis,
Sebes, Poganis, Timisul Mort and Barzava.

Flooding with 'large damage' occurred in 1912 (Q600 ni/s), 1966 (Q= 1,200 ffs), 2000
(Q= 1,100 n¥s), 2005 (Q= 1,200 i¥s), 2006 (Stanescu and Drobot, 2005).

5.4.3 Bega Sub-catchment

The Bega River is a 254 km long river in Romania8(km) and Serbia (76 km). It originates
in the Poiana Rusca mountains in Romania, parh@fQarpathian Mountains, and it flows
into the Tisza river near Titel, Vojvodina, Serblde drainage area covers 2,878 km2 with a
population of around 500,000. The Bega River ism pf the Tisza sub-catchment.

In the middle part of the river a diversion schewses built to transfer water from the Bega
River to the Timis River, regulating a maximum & Bt/s of discharge through the Bega
River, as stipulated in the convention with Serllilae scheme of both rives and the diversion
structure is shown in Figure 5.15.

This diversion scheme works as a flood protectienice for the lower part of the sub-
catchment, including important cities in Romanid &erbia like Timisoara and Zrenjanin.
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Figure 5.15 Bega-Timis Interconnection (Banat Watieectorate, Romania)

5.4.4 Neckar Sub-catchment

The Neckar River in Germany is 367 km lor
and it is a major tributary of River Rhine whig
confluences near the city of Mannheim.

originates in the Black Forest (like the Danube)|

The drainage area covers around 14,000 km?2
the river has an average discharge of 2,5%8.n
The population of the sub-catchment is arou
2,500,000 inhabitants.Flooding with larg
damage occurred in 1529, 1651, 1663, 17
1784, 1789, 1817, 1824, 1844, 1882, 1970, 19|
1990, 1993, 1994 and 2002 (IKONE, 2006)
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Figure 5.16 Neckar River




5.4.5 Mun Sub-catchment

The Mun River is a tributary of the Mekong Rivet.originates in the Khao Yai National
Park in the Isan area of Thailand. Its length i8 &ih, until it joins the Mekong at Khong
Chiam in Cambodia. The main tributary of the MundRiis the Chi River (Wikipedia, 2006).
The livelihoods of 10 million people living in théver basin (drainage area of 70,961 km?)
depenr%d on the richness of riverine ecosystems anatai resources. The average discharge is
760 m/s.

Figure 5.17 Mun River (MRC, 2005)

In the last 45 years between 1962 and 2007, 14 flvents occurred in the sub-catchment of
the Mun River, the large floods where in 1962, 196869, 1972, 1976, 1982, 1983, 1991,
2000 and 2001 (Thai National Mekong Committee, 2005

Though South East Asia faces monsoon flooding eyeay, 2006 brought unusually heavy
and widespread flooding; 39 people have died inil&ihd since August 2006 because of
monsoon flooding, and at least 138,000 others Batffered from waterborne illnesses (EO,
2006).

5.4.6 Data collection sub-catchment case studies

The sub-catchment scale FVI equations require 36 afu71 different indicators, as
mentioned in section 4.4.Zhe values of flood vulnerability indicators fortkub-catchment

scales were found on the internet. More than 20-sitels were consulted for all five sub-
catchments; ten of these were used for the rivesinba UNDP/BCPR, INTUTE, EPI,

CRED/EM-DAT, UN, Ekstrom et al., 2006, World Factig WRI, Water Resources eAtlas
and MRC.

Other sources were used for the European sub-cattbmPELCOM, Pan-European Land
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Use and Land Cover Monitoring, data from urbaniaesh have been collected; Wikipedia,
which also provided data for the Mun Sub-catchneentopography, and Google Earth which
was used to determine the average distance of ai@olareas to the river.

Other sources used are: The World Commission onsDdéme Romanian Water Authority,
the Romanian Environmental Ministry, Tisza River sBa Economic Development
Programme, Tisza Flood action plan, IKONE projesktionsplan Hochwasser Neckar,
UNEP and an article by Weesakul (2005). For caseifip data more information is shown
in Appendices Il (a, b, c, d and e).

5.5 Resultsand discussions on the Sub-catchment Scale

After data collection five out of thirty-five inditors remain to be identified. The total storage
capacity of the Tisza River is still unknown, thenaunt of annual flood protection
investments of the Tisza and the Mun rivers aréemified and also the kilometres of dikes
and levees of the Neckar and the Mun rivers musldaleiced. Therefore a sensitivity analysis
has been carried out to evaluate the real weigsetindicators have on the FVI value.

The storage capacity indicator influences two of VI components; economical and
physical. The amount of annual investment influsnmely the economical component of the

Tisza and the Mun sub-catchments, the dikes arabteinfluences the physical component of
the Neckar and Mun rivers.

Alongside the FVI values for each component, stedidad results are presented, using the
same approach as illustrated in section 5.3.

551 Social component

The values of the social component indicators weed in equation 4.5, described in section
4.4.2. The results of the social FVI are showniguFe 5.18.

Social Flood Vulnerability Index Social Flood Yulnerability Index Standardized Value

g E
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Subcatchments Sub-catchments

Figure 5.18 Normal and Standardized Values for RfIsub-catchment scale
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Ten indicators are used to determine the social\leMies. The indicators are divided in the
following vulnerability factors: three for exposursvo for susceptibility and the remaining
five for resilience.

The Mun River is socially the most vulnerable toofils, due to the large amount of people
living there. In addition this sub-catchment isoalse most exposed and resilient of all.

Tisza river is the second most socially resilidsgcause of this, its high social exposure to
floods is counteracted.

The Bega, Timis and Neckar Rivers have a very logiad vulnerability to floods, due to
high resilience; all of them show different values social exposure. The least socially
exposed to floods is the Bega River, a value whah be confirmed by the diversion works
upstream of the river, which leaves only the spagsgtream population vulnerable to floods.
The Neckar River experienced floods in the middiet pf the 28 century, which made its
population more aware and direct their investmentslood protection actions, such as
increasing Communication or Evacuation roads.

One indicator that confirms these values is thén ldghount of affected people of the Mun
River over the last ten years. Close to 10% ofttha& population in the sub-catchments has
been affected by floods, a number far exceedingther sub-catchments.

5.5.2 Economical Component

Nine indicators are used to determine the econofVt values. As mentioned before
sensitivity analysis had to be carried out with ithgicator values of storage capacity for the
Tisza sub-catchment and amount of annual invessrientthe Tisza sub-catchment and for
the Mun sub-catchment. The results of these amalgse presented in Figure 5.19, Figure
5.20 and Figure 5.21 respectively.
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Figure 5.19 Sensitivity analysis of Storage Capdoit Tisza Sub-catchment
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Figure 5.20 Sensitivity analysis of Amount of Intraent for the Tisza Sub-catchment
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Figure 5.21 Sensitivity Analysis of Amount of Inwe®nt for the Mun Sub-catchment

As seen in Figure 5.19 the storage capacity doesane@ a large influence on the economic
FVI component, since the rate of change of the exuical FVI is relatively low when the
storage changes, especially for larger storagenvedu A similar trend occurs for the values
of amount of investment, where a change in thisevanly slightly changes the economical
FVI, as seen in Figure 5.20 for the Tisza sub-cataft. For the Mun River (Figure 5.21), the
curve presents two different trends; the one ordfigoresents a high rate of change, and the
one on the right, a lower one. This may raise &iteity question, since the assumed values,
presented by a red spot, appears on the rightgtesp) side of the curve.

For the Tisza River a storage capacity of 2.5dsilln? was assumed because of the large

storage capacity in Hungary, where a large pathefcatchment is situated; close to 30% of
the sub-catchment belongs to this country. Theektrgart of the sub-catchment is situated in
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Romania, but the storage capacity in this areal@ively small. The storage capacity of the
whole sub-catchment is mainly situated in Hungary.

The amount of annual flood protection investmemts Fisza was considered to be € 40
million (US$ 52 million), knowing that the total vastment on flood protection for the

Danube is € 220 million (US$ 288 million), and tbeuntries belonging to the Tisza sub-
catchment are not developed countries, the pergerdathis amount was considered to be
smaller.

The graph in Figure 5.21 shows an annual investroéngS$ 700,000 in the Mun sub-
catchment, a value which was assumed because pbstson in a developing country, and
low amount of investments in the entire Mekong RBasin (US$ 6 millions), which focuses
more on flood protection in the Mekong Delta.

To evaluate the economical component nine indisadoe used, divided in two indicators for
exposure, three for susceptibility and four foilresce.

Economical Flood Yulnerability Index Economical Flood Yulnerability Index Strandardized Value
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Figure 5.22 Normal and Standardized Values for E\esub-catchment scale

Figure 5.22 shows the values for the economic vabibty to floods, as computed using
equation 4.6, in section 4.4.2. The value for thenNRiver is the highest, meaning that this
sub-catchment is the most economically vulnerablfobds. This is underpinned because of
the agricultural nature of the sub-catchment, whiegleds a relative long time in case of
floods to recover from the damages in this econ@eator.

In Europe, the Bega and Timis Rivers are the moshemically vulnerable rivers, following
the Mun. These rivers are connected to each othexr diversion structure, which transfers
the water from the Bega to the Timis River. Therefonly the upstream part of the Bega
River is vulnerable to floods. Its economic FVIwalcan be explained by the sparse rural
population, of which its main economic activity &griculture with relative low flood
resilience. The Timis River is more economicallynasable due to this diversion, leaving the
economically active downstream zones more exposédess resilient.

The Tisza River is the second most susceptiblecattiiment studied, but is also the second
most resilient. It is not a highly exposed riveut lits economic FVI reflects that it's not
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highly economically vulnerable to floods. Howevérese data must be verified, since two
indicators were assumed after a sensitivity anglysi

The Neckar River appears to be the less vulnetabftvods regarding economic activities.
Industrial facilities are well protected from flaad events, and the vulnerability is reduced
by the existence of flood insurance, which meastlmeseconomic wellbeing of the region
and reduces its recovery time. These factors miaeNieckar River the least economically
vulnerable sub-catchment of the five studied, whiah be verified by also being the most
resilient sub-catchment, despite being also thet susceptible.

5.5.3 Environmental Component

A total of seven indicators are used to deterntieeetnvironmental FVI, three of them are for
exposure and the remaining four for susceptibility.the equation 4.7 (section 4.4.2) no
indicator represents resilience to environmental. AVie results for the five case studies are
presented in Figure 5.23.
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Figure 5.23 Normal and Standardized Values for R\desub-catchment scale

As seen in Figure 5.23, the most environmentallpexable sub-catchment is the Bega River,
almost double the value of its closest rival, theckar River. For the Bega River,
environmental concerns relate to the non-natucal fihat the river experiences downstream
of the diversion scheme, creating damages to thlgyg of the river, evidenced by poor fish
growth, algae and eutrophication in some partbefiver.

The Neckar River has experienced environmentallpnad as well, due to large industries

and lack of concern for many years. This way afkhig has changed in the last 20 years to a
more environmentally friendly approach of river ragament; these improvements have
contributed to the reduction of floods damages.

The Tisza and the Timis Rivers have very simildues, but their values correspond to very
different factors; the Tisza being more susceptdnid the Timis more exposed. Knowing
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these values may help in the analysis to defirsegies for the reduction of this FVI. For the
Timis a strategy focusing on reducing exposure kgllmore efficient, contrary to the Tisza,
where a strategy should focus on reducing susadkiytib

Contrary to the previous discussed components the River is the least vulnerable to
environmental flood damages. This value can be agx@il by the low anthropogenic
influence over the sub-catchment, which makes é mhmost exposed, but also the least
susceptible.

5.5.4 Physical Component

Four indicators are used to determine these valwas,of the indicators are a factor of
exposure and the other two of resilience.

As mentioned before sensitivity analysis had tocheied out with the values of storage
capacity for the Tisza sub-catchment and Dikeslawtes for the Neckar sub-catchment and
for the Mun sub-catchment. The results are predeintd-igure 5.19 (section 5.5.2), Figure
5.24 and Figure 5.25 respectively.
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Figure 5.24 Sensitivity Analysis of Neckar Sub-taent for Dikes Levees Indicator
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Figure 5.25 Sensitivity Analysis of Mun Sub-catcminior Dikes Levees Indicator

Figure 5.19 shows the sensitivity analysis of gferaapacity in the Tisza River, it illustrates
curves for the physical and economical componemenEhough the curve for the physical
component shows a larger sensitivity than the ctovehe economical component, it shows
that values within a certain range close to thectetl value of 2.5 billion frwill not vary
considerably.

The sensitivity analysis of the Neckar Sub-catchnienthe Dikes and Levees indicator is
shown in Figure 5.24. The curve shows that for lacted value of 700 km of dikes (the
indicator is defined as km of dikes over the ttgalth of the river) the steepness of the curve
is small, any values along this range are considemere accurate for this sub-catchment
based on the economic development and the lackvifommental concern experienced until
recently in the region.

The sensitivity analysis of the Mun Sub-catchmemt the Dikes and Levees indicator is
shown in Figure 5.25. In this case the value seted a highly sensitive part of the curve,
where any change in the value may modify the redutie physical FVI to a large extend. In
this case it is recommended to continue the rekezfrthe Mun sub-catchment until reliable
sources for this indicator are found. The assunadevof 50 km of dikes was taken from
visualization of Google Earth digital images, arseuwvhich can be considered as unreliable.

Figure 5.26 shows the values found for the physicaherability to floods, as computed
using equation 4.8, in section 4.4.2. Taking treuased value as mentioned before, the Mun
river is the most physically vulnerable to flood$is can be certified by its severely low
resilience, even though it also has the lowest exygovalue.

The Neckar River follows in physical vulnerabilityjth a value close to half of the Mun. The
main physical problem is its high exposure, duehigh average river discharge and low
storage capacity. The same problem experiencechenTisza river, however, a higher
resilience is decreasing its physical vulnerability
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Figure 5.26 Normal and Standardized Values for R\dpsub-catchment scale

The Bega and Timis Rivers are close in resultgHeir physical vulnerability to floods, with
hardly any difference in exposure or resilienceeilimain difference relies on the average
discharge, which is bigger in the Timis River. Thewe the lowest FVIph results of the sub-
catchments studied.

55.5 Summary of results

The results for the FVI in all components and thtaltFVI, are summarized up in Figure 5.27.
It clearly shows that the Mun is the most vulnesabub-catchment to floods of the five
studied, followed by the Neckar River. The othae#) the Tisza, Timis and Bega Rivers
have similar values.
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Figure 5.27 Comparison between sub-catchmentsatdizdd values

In all components the Mun River is the most vulbéra with the exception of the
environmental component. Especially social and egveally, the Mun River experiences a
high vulnerability to floods. Developing plans teduce these two components may reduce
the total FVI of the Mun River.
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5.5.6 Downscale Analysisof Results

Since the study of river basins covers large argdsrpreting the FVI can be limited or
misleading. Therefore the study of smaller spasiedles can lead to a more accurate
evaluation of the FVI of a region. Interpreting theues of all sub-catchments in one river
basin can provide a sharper image of the situatidhe basin.

Three sub-catchments in the Danube River basin selexted to downscale and analyse the
FVI results; Tisza, Bega and Timis Rivers. Theserd are close to each other, the Bega
River is a tributary of the Tisza River, and theni§ river drains in the Danube just close to
10 km after the Tisza river confluences. Some eirthhysical characteristics are very similar,
for example rainfall and evaporation.

These similarities result in more or less equalbesalof FVI, even though there are some
differences in the results of the FVI componentsaofparative graph of the results from the
Danube River Basin and its studied sub-catchmergeown in Figure 5.28. The highest FVI
values always occur in the river basin scale, avgrof its sub-catchments.

As mentioned before, all three studied sub-catchsnbave almost the same value of FVI,
values which are smaller compared with the whaterrbasin. This might indicate that the
sub-catchments studied have smaller flood vulngralwith respect to the river basin. Other
sub-catchments in the river basin should have hifjbed vulnerability to balance the results
for the river basin. Locating and reducing the floaulnerability of these sub-catchments
would also reduce the flood vulnerability at theeribasin scale.

This aspect of the FVI methodology can be used paliay tool for directing investments at
most vulnerable areas at a local and regional |Jeeducing the vulnerability at a large-scale
level.
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Figure 5.28 FVI comparison between Danube RiveirBasd its Sub-catchments
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Figure 5.29 FVI comparison between Rhine River Basid Neckar Sub-catchment

Figure 5.29 shows the comparison between the RRimer Basin and its sub-catchment
Neckar, just like in the Danube and its sub-cataftsieThe FVI values for the river basin
scale are always higher than the sub-catchmerd.scal

These values are as expected, since the Neckar Rigevery important economical part of
the Rhine River, and many efforts have been donardmote flood protection by different
ways, including; renaturation, awareness risingiamementing a real time warning system.
Other sub-catchments in the Rhine River basin aveemulnerable to floods and further
studies are needed to identify them to reduce YHeaFriver basin scale.
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Figure 5.30 FVI comparison between the Mekong RB&sin and the Mun Sub-catchment

Figure 5.30 describes the comparison between the@MgRiver Basin and its sub-catchment
Mun. As the other case studies, the Mekong rivesirbégs more vulnerable than its sub-
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catchment, with the exception of the social componehere the Mun sub-catchment is more
vulnerable than the Mekong River Basin. This carcéntified by the fact that the Mun River
is 30 times more susceptible than the Mekong aatittite Mekong River Basin is socially
five times most resilient to floods than the Muwéi

A further analysis of these downscaling results Moliave to include a more detailed
guantification of the impacts of the sensitivityadysis on certain indicators for the sub-
catchment scale, which was needed for three ofitleesub-catchments studied. With the
exception of one indicator, the dykes and leveekcator in the Mun sub-catchment, the
values assumed do no represent a large range nfeha FVI results. The FVI values for
sub-catchments always remain below the valuewef basin, for the cases studied.

The sub-catchment study is more detailed thanitee basin study, something which can be
certified by the higher amount of indicators neededalculate the FVI at sub-catchment
level. Some indicators which were not consideredvat basin level were considered at sub-
catchment, because they could be easier to finsivatller scales, or they would not be
representative at larger scales. This conditioulshmake a study of all sub-catchments in a
river basin more representative than the study oevhale river basin, a study which is
recommended to do in future researches.

5.6 Casestudy: Description of the case studies on Urban Scale

The three case studies for urban areas were stleetause of their different flood history,

their location within a sub-catchment and River iBasr their social and economic

background. Timisoara, in Romania, was selecteddlits location, along the Bega River in
the sub-basin of the Tisza and in the Danube RBasin; a developing city, with a large

resilience to floods. Mannheim city was chosen ttués location in a developed country;

Germany, and also because of its position at tinluence of two big rivers, the Rhine and
Neckar and lastly Phnom Penh city, which is inastedeveloped country; Cambodia, with a
large exposure to floods.

5.6.1 Timisoara City, Romania

Timisoara is a city in the Banat region of westBwmania. With a population of 336,089
inhabitants in 2006, it is the capital City of TerCounty. The area of the city is 13@rb?.

Figure 5.31 Timisoara City

Timisoara is one of the largest cities in Romaitias a large economic as well as cultural
centre in Banat in the country.
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The Bega River is crossing Timisoara with an andistharge of 83 ffs. The city after the
construction of the diversion upstream (see Fi§ut®) has never experienced flood events.

5.6.2 Mannheim City, Germany

Mannheim is a city in the west of Germany, situatedr the confluence of the Rhine and
Neckar River. The city has a population of 307,8#@abitants living in an area of 145 km
Mannheim is one of the richest cities of Baden-\Wmiberg Region. The city is highly
developed, with more than 10 large industries, Whie close to its banks.

Figure 5.32 Mannheim City

The Neckar River which crosses the city of Mannhbgfore entering the Rhine River, has
an annual river discharge of 145/m

5.6.3 Phnom Penh City, Cambodia

Phnom Penh is located in the south-central regio@ambodia, at the confluence of the
Tonle Sap Lake and Mekong rivers. Being the capit@@ambodia, Phnom Penh is its largest
and most populous city; it is also the commer@aljtical and cultural centre of Cambodia.
Phnom Penh is home to 2,009,263 inhabitants ofcthantry’s total population of almost
15,000,000. The city covers an area 367 kmz2.

Figure 5.33 Phnom Penh City

The city is very exposed to floods because ofdtation. These flood events occur during
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heavy rainfall with very large discharges, a sitwatvhich is becoming more frequent

5.6.4 Data collection urban scale case studies

The urban scale FVI equations require 35 out of@Beoriginally considered indicators, as
mentioned in section 4.5.The values of flood vulnerability indicators foretlurban scales
were found on the Internet, through the Water Adthef Banat Region for Timisoara and
the Standtentwasserung for Mannheim. Web-sites wensulted for all three urban areas;
some of these were also used for the river bashts sub-catchments: UNDP/BCPR,
INTUTE, UN, Ekstrom et al. (2006), World FactBoakRI, ADB.

Other sources used for the urban areas are; Wikipadhich provided data for Timisoara,
Mannheim and Phnom Penh on topography and populdgasity, and Google Earth which
was used to determine the kilometres of dikes\wds and distance of contact with the river.

Additional sources used are: the Romanian Watehdity, the Romanian Environmental
Ministry, Aquatim Timisoara and IKONE project, A&tisplan Hochwasser Neckar. For
specific data more information is shown in Apperdidll (a, b and c).

5.7 Resultsand discussionson the Urban Scale

After data collection three of the 35 indicatorsneen to be identified. The total storage
capacity of the Phnom Penh and Mannheim citiesuakmown, the amount of annual flood
protection investments of Mannheim city is unidéedi, and the last is the Land use for
green areas for the city of Mannheim. Thereforeeasgivity analysis was carried out to
evaluate the influence these indicators have ofrtHevalue.

The storage capacity indicator influences two o# VI components; economical and
physical. The amount of annual investment influsnoaly the economical component of
Mannheim city, and Land Use was considered in ti@rBnmental component equation.

Alongside the FVI values for each component, stedidad results are presented, using the
same approach as illustrated in section 5.3.

5.7.1 Social Component

The values of the social component indicators wsesd in equation 4.9, described in section
4.5.2; the results of the social FVI are showniguFe 5.34.

Fourteen indicators are used to determine the Ise¥iavalues. The indicators are divided in
the following vulnerability factors: five for expoge, two for susceptibility and the remaining
seven for resilience.

Phnom Penh City is socially the most vulnerablé#dods, due to the large amount of people
living there. In addition this urban area is alke most exposed, susceptible, but also the
most resilient of all (taking Tonle Sap Lake intwaunt).

Mannheim is the second most socially resilient, kxast social exposed and the least
susceptible. Mannheim has a very low social vulbiita to floods.
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Timisoara is second regarding the social compooEmtinerability to floods, being also the
second most exposed.

Social Flood Vulnerability Index Social Flood Yulnerability Index Standardised

Timisoara Mannheim | Phnam Penh Timisoara | Mannheim | Phnom Penb
0.005 0.0007 044 a.an a.om 1.0
City City

Figure 5.34 Normal and Standardized Values for FAflsrban scale

5.7.2 Economical Component

Three of the indicators evaluated by a sensitiaitglysis have an influence on the economic
component of the FVI for urban areas. Figure 5A8Bure 5.36 and Figure 5.37 show the

values assumed for Storage capacity for Phnom RedhMannheim, and the amount of

investment for the city of Mannheim.
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Figure 5.35 Sensitivity Analysis of Storage Capafot Phnom Penh City

Figure 5.35 illustrates that the value for FVIedasgely sensitive to the value of storage
capacity of the area; for the physical componeatsbnsitivity is much less. The city has the
particularity that the city is Tonle Sap lake igiated north of the city, which does limit the
discharge of Mekong River, flowing to the easthd## tity, but protects it from heavy rainfall

season. In the Mekong River, no relevant storagaaty structures were found, other than
natural wetlands and floodplains.
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Two extreme cases, considering and not considénegolume of storage capacity of Tonle
Sap Lake were analyzed, as shown in Figure 5.38.
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Figure 5.36 Sensitivity Analysis of Storage Capafot Mannheim City

Figure 5.36 shows the small influence that assuwadaes of Storage capacity have on the
results obtained for the economic component. Thaevehosen is the storage capacity of the
Neckar River, considering that the river is 673 lkamg, this retention capacity improves the
resilience of the cities downstream, including Magim.

In Figure 5.37, the curve for the amount of investimin the city of Mannheim shows some
degree of sensitivity to the economic componerif\df. The assumed value remains in a less
steep part of the curve, indicating that rangeslaino the selected value will provoke little
changes in the result. In the flood action plan ttee Neckar sub-catchment, the annual
amount of investment is close to US$ 20 million;iamportant city like Mannheim would
represent a large part of this investment, howey&$ 3 million a year was considered for
this research.

112



8
=
=
=
o

3.0EHIB 5.5EHIE
Amount of Investment (US$/US$)

Figure 5.37 Sensitivity Analysis of Amount of Inteent for Mannheim City
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Figure 5.38 a) and b) Values for FVlec for urbaalss, with extreme values of Storage
capacity in Phnom Penh

Twelve indicators were selected to compute the @eon FVI component, as shown in
equation 4.10, section 4.5.2; three for exposungy, fior susceptibility and five for resilience.
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The final results, taking into account the assumaldies mentioned before, are shown in
Figure 5.38 a) and b). The first chart shows tHae&afor economical vulnerability to floods
considering the storage capacity of the Tonle Seel the values show that e Phnom Penh is
economically very vulnerable compared with the pth cities.

Not taking into account the storage capacity ofl&@ap Lake makes Phnom Penh extremely
vulnerable to floods, as shown in Figure 5.38 Bremhe values of economical vulnerability
to floods for the city goes as high as 29,448.

As for the other two case studies, the case of Saara city shows some peculiarities,
presenting very low values of exposure and also Vale for resilience. Contrary to this,
Mannheim city presents large values of exposureeben larger values for resilience.

5.7.3 Environmental Component

Concerning the environmental component, one sgitgitanalysis was carried out for the
indicator Land Use for green areas in the city @fMheim. As shown in Figure 5.39, a large
sensitivity occurs of the environmental componém, value assumed for land use is situated
in the middle part of the curve, which means that physical FVI for Mannheim City can
oscillate between a value very close to 0 and arnoswhich will make significant a
difference in the value of the environmental FVI.
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Figure 5.39 Sensitivity Analysis of Land Use for iidaeim City

Four indicators have been chosen to compute thesaif the economic FVI component with
equation 4.11, in section 4.5.2; two for exposund the other two for susceptibility. The

results for his component are shown in Figure 5wich illustrates that Phnom Penh City
has a higher environmental vulnerability to floatige to large rainfall amounts, evaporation
and the low percentage of green areas. TimisoadaMannheim have almost the same
environmental FVI, the ratio between rainfall anvaoration, the urban growth and the land
use (taking into account the assumed value) akealie, vis-a-vis of the accuracy of data.
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Figure 5.40 Normal and Standardized Values for R\&turban scale

5.7.4 Physical Component

Two sensitivity analyses, concerning the physiaahponent of flood vulnerability, were
evaluated in section 5.7.2. Figure 5.35 and FiguB® show the results of the analysis for

Storage capacity for Phnom Penh and Mannheim.
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Figure 5.41 a) and b) Values obtained for FVIpgarding Phnom Penh storage capacity
values
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Figure 5.35 shows the range of values which cawbiained from considering Tonle Sap
Lake as a storage capacity protecting the city ffloonds. The results for the FVIph are
shown for all three case studies in Figure 5.44na)b).

In Figure 5.41 a), includes considers the Tonle Balge for storage, the results show that
Mannheim is the most physically vulnerable to flepdue to its low physical resilience (the
storage capacity of Mannheim is very low, 7,8 miik nf) and it has a very large value of
the physical exposure; Timisoara and Phnom Pené &iawilar values because of very large
ratio between storage capacity over the averaghalige.

The results in Figure 5.41 b) considers that T@3d@ Lake does not protect Phnom Penh
from floods, in that case Phnom Penh will be thestmphysically vulnerable, over Mannheim
and Timisoara, whose values does not change frgoréio Figure.

5.75 Summary of Results

All the components together show the overall vidbdity to floods of an urban area. The
results shown previously, however, have certaimelgs which still need consideration; for
example taking the Tonle Sap Lake into accountfémod protection element of Phnom Penh
city.

There is still lack of criteria for the economicahd physical components regarding the
storage capacity, which protects an urban area fi@ods. This will need to be revised in the

future.

Because of this, two sets of results are givensasyanary, as shown in Figure 5.42 a) and b).
The first one a) shows that three components havigteer value in Phnom Penh city, and

that the overall value gives its second place tofh&im city.

The city of Timisoara has positive results on alnponents, with the arguably exception of
environmental vulnerability. This is a result whialas expected, since it's a city which has
not suffered from floods in the last three decades.

The results shown in Figure 5.42 b) change withamgo the economical and physical
component were the difference between Phnom Pdghanod Mannheim and Timisoara
becomes extremely large, especially for the ecoocansiomponent of flood vulnerability. For
the physical component there is an increasing vability of Phnom Penh, to a value higher
than Mannheim, making it also the most vulneralbean area in all components.

Of all components studied the environmental vulbiditg to floods ended up being the most
equal in values; since the lowest value is only @%he highest.
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Figure 5.42 a) and b) Summary of results, congidegind not considering Tonle Sap Lake,
respectively

The results illustrated in Figure 5.42 a) and bjvsta clear difference between developing
and developed cities for vulnerability to urbanofis. Phnom Penh city needs a flood
protection plan according to all vulnerability coomgnts analyzed social, economical,
environmental and physical.

5.7.6 Downscale Analysis of Results

A downscale analysis was carried out for all thepatial scales studied; river basin, sub-
catchment and urban areas. In this section thdtsemie shown from all three cities studied
starting with Timisoara, continuing with Mannheimdgafinishing with Phnom Penh.

This analysis was carried out to examine the difiees of flood vulnerability between

geographical scales at all components. The FVlifferdnt from component to component
and from scale to scale, as shown in Figure 5.43gore 5.45.
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From the Danube River Basin to Timisoara

Figure 5.43 illustrates the relation of the Dan&beer Basin with the smaller spatial scales in
the system studied in this research. It can berebddhat the Danube River Basin is overall
most vulnerable than the sub-catchments and tlyeo€itTimisoara. The Tisza and Bega
Rivers and Timisoara are very close in the oveeslllts.

Considering each component the Danube River Basimat the most economically
vulnerable to floods. This is, however, the caseTimisoara City, due to its low annually
amount of investment, no existing flood insuranaed the large number of industries which
can be affected in the case of floods. For the m@img components, Timisoara is the least
vulnerable to floods, mainly due to the river dsien scheme which protects the city from
floods, as seen in section 5.6.1, Figure 5.15.

Bega river is overall the least vulnerable spasigdle in the chart; this is not surprising

considering the river diversion scheme mentionefibrbee which protects all downstream
areas from flooding, therefore reducing the vulbgits of all components.
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Figure 5.43 Comparison betweewver basin-subbasin-subcatchment-atandardized values

From the Rhine River Basin to Mannheim

The chart shown in Figure 5.44 for the Rhine RiBasin, the Neckar Sub-catchment and
Mannheim City follows the same line of results floe social, economical and environmental
components as the Danube River Basin and its smadkdes, with the exception that the
Neckar sub-catchment is the most physically vulblerto floods.

The city of Mannheim is the most vulnerable scaléhleconomically and physically in this
region. With respect of the economical componeist iisult is as expected, considering the
large number of industries in the area, which isecaf floods would leave a permanent
damage to the economy of the region. Regardingpttysical component, some indicators
increase the vulnerability of the city to floodsanarge extend, such as: contact with river,
upstream storage capacity and slope of the city.
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Figure 5.44 Comparison betweewver basin-subcatchment-cistandardized values

In the overall values, the Neckar River does notstarge amounts of vulnerability in any of
its components, resulting in the lowest value dheuability among the three scales studied
in the Rhine River Basin.

From the Mekong River Basin to Phnom Penh

For the case of the Mekong River Basin, the citgtofly (Phnom Penh) is not situated in the
sub-catchment studied; the Mun River, making treyais more direct, considering only two
elements instead of three.

Another point of consideration is the fact thatréhes still a decision to be made about the
storage capacity which protects the river from gash flooding, in other words whether to
include the storage capacity of the Tonle Sap Lakexplained beforehand. Figure 5.45 a)
describes the results taking into account the geocapacity of the lake, however, Figure 5.45
b) shows the results without the storage capacity.

As seen, the results are highly sensitive to tleesdmn of including the storage volume, since
the first case shows the Mekong River Basin withoaerall flood vulnerability higher than
the urban area, and the second case creates dangehdifference in the overall results.

In the second case, Phnom Penh City is overalinbst vulnerable spatial scale due to being

the most vulnerable for the social and economiocahmonents. Not considering the storage
volume increases the influence of the economicalpmment in the overall results.
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Figure 5.45 a) and b) Comparison betwaeer basin-citystandardized values

Downscaling is a powerful tool in order to assigicidion makers in improving their
investments strategies for the reduction of floachdges. Recognising which spatial scale is
more vulnerable to floods and in which places thikerability can be reduced more easily,
may show decision makers to prioritize certain gctg in flood protection in local and
regional areas.

Certain indicator values which could not be assumiael to uncertainties in the sensitivity

analysis could twist these results. This is theecak one indicator: storage capacity for

Mannheim and Phnom Penh cities. Other values timadsumed ones could lead to different
results in this analysis.

Smaller spatial scales are more detailed and speacithis study. There are more indicators
to evaluate the FVI for sub-catchments and urbaasathan for River Basins, even though
many indicators are different than each other. @tpeations developed for each component
brings more detailed information on smaller scaletowever, some of these values would
have no influence on larger scales.

For these downscaling results, it can be conclubatiurban areas are entities in their own,
the results from their study would only be repreéatve for that specific area of land. FVI
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values of all cities in a sub-catchment or a rilkasin can not be linked to the FVI values
obtained on larger scales. However, reducing theevability to floods of a city may also
reduce the vulnerability of a larger area.
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Chapter 6 Discussions

This chapter discusses general problems with reigattte development of flood vulnerability
indices and analyzing flood vulnerability in var®ouase studies. The discussion focuses on
issues such as: indicators which were not takeo a@ucount, the accuracy of data and
possible weaknesses identified while testing théhodology.

Most of the literature studied in chapter 2 definegnerability as a predisposition of
something to be affected. Another aspect to consetgarding flood vulnerability is related
to how it is perceived by those affected, and bgisien and policy makers who should do
something to counter attack it.

The methodology, in principle, is based on sefsiditators for different factors and different
geographical scales, focusing on fluvial and urtb@ods. Various indicators were taken into
account to quantify flood vulnerability. Some o&tmdicators originally proposed were not
considered in the final equations, due to the diffy of quantifying them, finding data,
possible redundancy with other indicators or whie purpose of creating a dimensionless
result for each equation.

For example the indicators such geound water level, geologgndbuilding codesvere very
hard to find via the Internet. The indicators ligeality of infrastructure, infrastructure
managementand human healthwere difficult to quantify, however, indicators csu as
closeness to inundation areas, proximity to riveere replaced withcontact with river
because of the similarities of what they indicate.

For the three geographical scales studied, no abolis were used to analyse the flood
vulnerability index for the resilience factor ofethenvironmental component and the
susceptibility factor of the physical componentr Be River Basin scale no indicators could
be identified to describe these two components.

However, the indicatorenvironmental recovernyfor the environmental component was
identified for the sub-catchment scale, which was used because of difficulties with

guantification; A scale of environmental recovemed would have to be created, but certain
lack of knowledge and time prevented its furtheradepment.

The same problem occurred for the urban scale, evherindicator was identified for each
componentenvironmental recoverfor the environmental component amdgilding codedor
the physical component. The first one was not usedthe same reason as in the sub-
catchment scale, the second one was very harahdovfa the Internet or via direct contact
with municipalities of certain cities.

Some indicators were not considered because afdtision to simplify the results of the FVI
into a single non-dimensional value. The most carerg way to get this result is using
fractions with indicators as part of numerator enadminator, depending on its effect in the
vulnerability, that way eliminating all unitsSome of the indicators not considered were:
maximum river discharge, flow velocity, flood dimat ground water levebr temperaturg
whose units could not be eliminated using otheicetors.
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The possible impacts of using these indicators unerability indices was not tested during
this research, but its use may lead to differentaues, for example: includingiaximum
river discharge, flow velocitgndflood durationshould increase the values of vulnerability at
all geospatial scaleground water leveshould make a greater impact at smaller scales than
at larger scales, meaning that it should increlasestilnerability at urban scales more than at
river basin scale, theemperatureshould not influence the values of vulnerabilitasany
scale. Still the real influence of these and oti@r recognized indicators should be studied in
future works.

Since the methodology is based on indicators, asnmweaknesss theaccuracy of datéo
compute the equations. For the results to be validdata must be derived from reliable
sources, specified for a precise spatial areadafiaed time.

Examples of these problems were found in the cas#es. Some information was derived
from sources that can be considered as non-relitddlexample the cities distance of contact
with a river, which was taken froi@oogle Earth by computing the distance using ttuger
tool in the software. Some data from spatial scalese collected from different years, for
example: child mortality and unemployment were dolynd for 2005, other data were found
for different years as old as 2001, creating arectamty for some of the results.

The indicators must be explained and concepts bristear to all users of the methodology.
For example, the amount of investment indicatorffood protection plans could only be
found per project, without considering the duratmithe project. In the definition of the
indicator the value assumes the yearly investmeifioobd protection. This kind of freedom
can be assumed in the using methodology, howewersame approach should be considered
for all case studies.

Another example where the data quality is poohéaimount of investmeimdicator, where
the sum of investments is divided by the GDP, tdkem theGDP per capitaandpopulation
living in flood prone arealn the sub-catchment scale tB®P per capitaselected is the same
as each country, sometimes using an allotment rdetimstead of using regional GDPs,
which could not be obtained via the Internet.

Some indicators, such aslltural heritage sheltersandemergency servictor urban areas,
which were not found, were assumed to be the samalfthe studied cases.

Another indicator which may cause confusion is tterage capacity used for the
economical and physical components. In the studyaatl these two values are assumed the
same, but considering their purpose in the methogpoit is proposed to be used separately
for future case studies. The main difference betmtbem is that the first one tries to explain
the capacity of a society to finance large stradtaneasures of protection, meaning dams,
barrages, polders, however, for the physical corapbit should be used to account for all
possible means of protection, either natural suclakes, wetlands, floodplains or man-made
as accounted for the economical component. A @visf these concepts is proposed to
avoid misleading results

Improving the weaknesses identified in this chaptely lead to a variation of some of the
results. This variation is very difficult to assegthout certain mathematical approaches, like
a sensitivity analyses, but considering the apgraddhe methodology and the homogeneity
of the concepts, the variations of the results Ehstay in a close range.

124



As the methodology is still under development, ¢hegeaknesses and other issues which
might be identified in due time can be improvedlieg to further adaptations of concepts or
introduction of new concepts, resulting in a bettethodology.
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Chapter 7

Conclusions and Per spectives

In this chapter the conclusions and main contringi of the Flood Vulnerability Index,
which has been developed and studied in this thastssummarized. Perspectives for further
developments (recommendations) are presented anthef this Chapter.

7.1 Conclusions

The conclusions concerning the development of Féthodology and the applicability can
be summarized as follows:

>

FVI provides a method to systematically expresswuhi@erability of a river
system to disruption factors, such as floods;

Vulnerability can be reflected by three factorspesure, susceptibility and
resilience;

The river and urban systems can be damaged regarfdur different
components: social, economical, environmental @ngipal. Floods can be a
cause of these damages;

The FVI is applicable in three different spatialales: river basin, sub-
catchment and urban area scales;

FVI is a powerful tool for policy and decision-makeo prioritize investments
and makes the decision making process more tragrspddentifying areas
with a high flood vulnerability may guide the decis making process towards
a better way of dealing with floods by societies;

FVI offers easy to understand results, with the ofea single value to
characterize high or low vulnerability. This alstloas continuous data
interpretation for more in-depth analysis and gugable to policy-makers;

From the testing results it appear that the FVh oiver basin as a whole can
be reflected by the average of the FVI of its satzioments;

FVI's of urban areas cannot reflect the FVI of sub-catchment or river basin
which they belong to;

Finally, the proposed methodology to calculate a pidvides an approach to

guantify how much floods are affecting, or can eiffehe livelihood of a
spatial scale: in all the aspects that make a goftiaction properly.
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7.2 Futureworksand perspectives

Based on this research there are several perspector future developments and they
concern on the one hand the Flood Vulnerability Meblogy for coastal floods and on the
other hand, the further development of the proposethodology.

The future works and its perspectives concerniregR¥l methodology and the applicability
can be summarized as follows:

» Based on the research of this MSc thesis, aboutévelopment of an FVI
methodology applicable to river basins, sub-cataitmand urban scales, the
methodology of continuing research refergyaghering required information
to test the indicesand toimprove the methodologyith the specific results of
the case studies.

» Additional case studiesTo fully understand the capacity of the FVI
methodology, the case studies which were analyzélis research cannot be
considered sufficient, hence it is recommended dotioue with additional
case studies to carry on with the searchnfore useful indicators, refinement
of the equationandenhancement of the concepts.

» It is recommended to analyse the real influence@f-used and other non-
recognized indicators in this suggested future sasdies.

» Software tool for case studie3esting the applicability implies having as
much as possible case studies, for each of theestigtales. This requires
prompt solutions to large amount of data, givingywathe need of a computer
based tool to help organize, monitor, process amipare the data of the
different case studies.

» It is highly recommended to createnatwork of knowledgbetween different
institutions and universities in which this methlmdfy may be used. Another
point of interest at this stage is to encouragectiiaboration between all the
members of the network, concerning the need farmétion management on
flood vulnerability, and also promoting further dies on flood risk
assessment on all scales.

» Using the developed methodology, new set of equationsan be built to
quantify the vulnerability of a certain spatial lecéo the hazards of extreme
events which causmastal floodssuch as: storm surges, tidal waves, tsunamis,
etc.
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Appendices

Appendix | The Rhine River Basin Data Source
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Appendix [IThe Danube River Basin Data Source

Danube River Basin Scale
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Appendix Il The Mekong River Basin Data Source

Mekong River Basin Scale
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Appendix IV The Tisza Sub-catchment Data Source

Tisza Sub-catchment Scale

Units

Definition of indicator

Functional
relationship with

Data Source

Fopulation density

peoplelkmz

There is animportant exposure to 3
given hazard if population is
concentrated
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Tizza River Basin
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FProgramme

Populatian in fload
prone area

people

Mumber af pecple living in faod prone
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Economic Development
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H
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FELCOM

Rural population

E
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4 of population with any kind of
disabilities, alzo people less 15 and
mire than 65
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HOl

Human
Dewelopment Index

"HOl -%ilﬂh%iﬂh%(ﬁj
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Cn

Child Muartality

Mumber of children les= than 1year ald,
died per 1000 births

The higher number of
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EFl report 2006

Fazt Experience

people

# of people who have been affected in

last 10 years because Aood events;

The higher value, lower

wulnerability

Selected Glabal Extreme
Information, Feuter hews,
EM-OAT

AwarenessiFrepar
edness

Range between 1-10
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Reffer ta Table

Communication
Penetration Fate

¥ of houzehalds with sources of
informaticn

Higher percentage means
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‘warning system
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‘fesihlo

Evacuation Roads

¥ of asphalted roads.
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raads, impraves the
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% area uzed for industry, agriculture,

any lypes of economic activities

The higher 3, the high
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Unemployment

Haf _ people_ Dhenpl
Total_ Fop_ sptTo Wik

The higher <, the high

wulnerability

‘world Factbook 2005

Inequality

Gini Coefficient bar wealth inequality,
between 0 and 1

‘wWhere 1 means low
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Lin

Life epectancy

Indes

IE - 15
85 - 15

LEI=

Higher LEI, Lower

wulnerability

UMDF, 2004

Flood Insurance

the number flood insurances per 100
inhabitants, if 0 than take 1

higher 3 of FI, lower
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Amount of
Inuestment

Ratic of investment cwer the tatal
GOF
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Dikez_ Levees
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Dams_Storage
capasity
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zensitivity analysis

Economic

recaltery

Haow affected is the economy of a
region at a large time scale, because

Reffer to table

Rainkall

i flned
the average rainfalllyear of 2 whole RE
mm m

~ looo * P - Ve

Higher rainkall, higher

wulnerability

Ekstram et al.

Degrated Area

% of degraded area

Bigger Oy, higher

wulnerability

WRil

Urban Growth

¥ of increase in urban areain lazt 10

years;

fast urban growth may
result in poor quality
haousing and thus make

UNDF/BCFR, 2004

Land Use

¥ of forested area

The higher 3, the low

wulnerability

Tizza River Basin
Economic Development
Programme

Evaporation rate

mifiyear

yearly evaporation rate

higher EV, lower

wulnerability

Ek.strom et al.

Matural

Resemation

"

% of natural reseration over hatal 5C
A
Q)

- s
Toizi Arax cgjeguver Bz
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Higher 3, Lower

wulnerabilit

UNEF




Tisza Sub-catchment Scale

Name

F¥
Factor

Units

Definition of indicator

Functional
relationship with

Data Source

Unpopulated Area

S
E

less than 10 persikm®

> af area with density of population

Higher Unpop area. Lower
vulnerability

Water Resource Atlas

Topoaraphy

average slope of sub-catcment

The steeper zlope, higher

vulnerability

wikipedia

Fi River Discharge

last 10 years, m*=

marimum dizcharge in record of the

higher RO, higher
wulnerability

Tiz=a Flood action plan

Fa Frequency of

Qccurance

years between floods

bigger # of years, high
wulnerability

Tizza Flood action plan

EulR.ien Ewaporation

ratelRainkall

Yearly Evaporation over yearly rainfall

Higher the Ew, lower
wulnerability

Ekstrom et al,

O_5c DOams_Storage

capaity

amount of storage capacity

higher m3, higher
wulnerability

UMER, rec.hu,

AuFid Auerage River

Discharge

average river discharge at the mouth

5. Djordjevic et al

Sofyear | Storage capacity

oner yearly

Storage capacity divided by yearly
wolume runoff

higher S means lawer
wulnerability

Retter bo 35 & 36

Bega and Timis Sub-catchment Scale

Name

F¥

Factor Units

Definition of indicator

Functional relationship

with vulnerability

Data Source

Population denzity

£ peaplefkm?

There is animportant exposure bo a
given hazard if population is

Higher # of people, higher
wulnerability

AnswWer.com

Fopulaticn in Aood
prone area

pecple

area

Mumber of people living in Hood prone

The higher number of peaple,
higher wulnerability

INOFECFR

Urbanized Area

S

* of total area which is urbanized

higher ¥, higher vulnerability

FELCOM, 2001

R Riural population

% of population living outside of
urbanized area

higher % kigher vulnerability

wikipedia, Flattz, UNOP

% of Dizable People

digable

¥ of population with any kind of
disabilities, alzo peaple lezs 12 and mor
than 6%

higher ¥, higher vulnerability
2

INTUTE

HOl Human

Dievelopment Index

. 1 1 1
HOI = {ZBT )+ BT )+ (G

) The higher value, lawer
wulnerability

UMOF, 2004

Cn Child Mt ality

IMumber of children lezs than 1 year old,
died per 1000 births

The higher number of chilren,
higher wulnerability

EF| report 2006

Pazt Experience

# of people wha have been affected in

last 10 years because Aood events;

The higher value, lawer

wulnerability

Selected Glabal Extreme
Information, Reuter Mews,
EM-OAT

BwarenessiFrepar
edness

Range betwesn 1-10

10 means lawer wulnerability

Rieffer to table

Communication

Fenetration Fate

i of mobile phones auer the total

populaticon

Higher percentage means

lower vulnerability

INTUTE

‘wWarning system

the walue iz 10

if Mo s than the value is 1, if yes Wy than

Having WS reduces the
wulnerability

il

Evacuation Roads

% of asphalted roads.

The better the quality of
raads, improves the
eyvacuation during floods

INTUTE

Land Uze

¥ area uzed For industry, agriculture, any
types of econamic activities

The higher 3, the high
wulnerability

LNEF

Progimity bo river

average progimity of populaked areas to
Hiood prone areas

cloze ko the river, higher
wulnerability

Google Earth

Uniemployment

L #aof _people_Tnempl 100
Total_Fop_ AptToiWork

The higher %, the high

wulnerability

UMDOF, 2004, World

Factbook, 2005

Inequality

Gini Coefficient for wealth inequality,
between 0 and 1

Wwhere 1means low
wulnerability

L

Life expectancy

Index

¥ - 1
85 - 25

LEI=

Higher LEI, Lawer

wulnerability

UNDF, 2004

Flood Insurance

the number flood insurances per 100
inhabitants, if 0 than take |

higher 3 af Fl, lower
wulnerability

Amount of

Ratio of investment over the tatal GOF
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Higher the investment lower

Eniranmental Minister of




Bega and Timis Sub-catchment Scale

Data Source

Name

F¥

Factor

Units

Definition of indicator

Functional relationship

with vulnerahility

Dikes_ Levees

&t

kmikm

Em of dikesflevess over tatal length of

Tiver

Longer O_L, lower

wulnerability

Authority of Water,

Fiomania

Dams_Storage

capadity

amount of storage capacity ouer anea of

sub-catchment

higher capacity, lower

wulnerability

Autharity of Water,

Fiomania

Economic recovery

# Haow affected iz the economy of a region
at alarge time seale, because of foods

Higher econamic racavery,
less wulnerable

Fietter to table

Er Fainkall

miyear

; 1000 * yea

the average rainfallfyear of a whole RE

mn m

Jeay

Higher rainfall, higher

wulnerability

Ek.strom et al.

Diegrated Area

* of degraded area

Biigger Oy, higher walnerability

Urban Growth

¥ ofincrease inurban area inlast 3

yEears;

Fast urban growth may resule
in poor quality housing and
thuz make peaple more
vulnerable

UNDFIECFR, 2004

Land Lise

¥ aof farested area

The higher 3, the low
wulnerability

WHI

Evaporation Fate

yearly enaporation rate

higher EY, lower wulnerability

Ek.strom et al.

Jatural

Rieservation

5 of natural rezervation aver total SC

Avur

Tolal_ Arogc_of _ River  Boal

area

Higher 3, Lower wulmerability [ ht
+100 "

tp:ttuaiatp.mdtarif TE
TIROfinternationalef arii

RO.htm , UNEF

Unpopulated Area

% af area with density of population less

than 10 persfkm®

Higher Unpop area. Lower
wulnerability

‘water Resource Atlas

Topography

average slope of sub-catement

The steeper slape, higher

wulnerability

Autharity of Water,

Fiomania, Wikipedia
Butharity of Water,

Fe River Discharge

mazimum discharge in record of the last

0 years, m'ts

higher RO, higher vulnerability

Fiomania,

Fo Frequency of

QCGUmence

years between floods

bigger # of years, high
wulnerability

Autharity of Water,
Fiomania,

EvlFiiwin Ewapaoration

ratefRainkall

Yearly Evaporation awer yearly rainfall

Higher the Ew, lawer

wulnerability

Ek.strom et al.

Dams_Storage
capacity

O Sc

AMount of skorage capacity

higher m3, higher vulnerability

Autharity of Water,
Fiomania
Autharity of Water,

AuFd Auerage River

Dizcharge

average river discharge at the mouth

Fiomania

Storage capasity

SofVyear
oner yearly

Starage capacity divided by yearly

walurme runckf

higher So means lower
wulnerability

Feffer o 35 & 36

MName

Definition of indicator

Functional
relationship with

Data Source

IKOME project,

Fopulation

peoplefkm2

There is an important expo

Higher # of pecple, higher
wulnerability

Sure ko a

Aktionsplan Hochwaszer

denzity given hazard if population is
The higher number of IKOME project,

Fopulation in

people

fumber of people living in flood prone
area

people, higher

Aktionsplan Hochwaszer

Hood prone area
Urbanized Area

4 of total area which is urbanized

higher  higher

FELCOM

Rural population

= of population living outzide of
urbanized area

higher 5 higher
wulnerability

Flatts, LMOP

Dizabled People

¥ af population with any kind of
disabilities, alzo people less 16 and
more than 65

higher ¥ higher

wulnerability

IMTUTE

Humian
Development
Index

. 1 1 1
HOl = S 180+ (1) + (67

The higher value, lower

wulnerability

LMDP, 2004

Child Muortality

Mumbeer of children less than 1 year
old, died per 1000 births

The higher number of
chilren, higher walnerability

EFlreport 2008
Selected Global Extreme

Fast Experience

people

# of peaple who have been afbected in
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The higher value, lower

Infarmation, Reuter



lHeckar Suh-catchmen-t. Scale

Name

F¥
Factor

Units

Definition of indicator

Functional
relationship with

Data Source

BuwarenesziPrep
aredness

F

Fiange between 1-10

10 means lower wulnerability

Reffer ta Table

Communication
Penetration Bate

F

% of households with sources of
informaticn

Higher percentage means
cower yulnerabiliy

[MTUTE

Lrarning system

if Mo iy than the walue iz 1, if yes Ws
than the value iz 10

Having WS reduces the
yulrerability

‘fesihlo

Evacuation

Fioads

% of azphalted roads.

The better the quality of
rovads, improves the
enacuation during loods

[MTUTE

Land Use

* area used for industry, agriculture, any
types of economic activities

The higher *, the high
yulrerability

LKEP

Prosimity to river

average progimity of populated areas to
flood prone areas

close tothe river, higher
yulnerability

Google Earth

Unemployment

Bayf' _ preteigela_ Lind srgl
Talal  Pag AgiTaFark

The higher %, the high
yulrerability

‘world Factbook 2005

Inequality

Gini Coetficient for wealth inequality,

‘Where 1means low
yulnerability

Lr

Life expectancy
Indes

between 0 and 1
- 5

LEl- i
B - 15

Higher LEI, Lawer
yulnerability

UMNDF, 2004

Flood Insurance

the number food insuranees per 100
inhabitants, if 0 than take

higher $ of FI, lower
yulrerability

IMunichRE

Amount of
Inwestment

Fiatio of inwestment over the tatal GOP

Higher the investment
wier wulner ability

IKOME project,
Aktionzplan Hochwazse

Oikes_Levess

Km of dikesflevees aver tatal length of
Tiver

Longer O_L, lower
yulnerability

sensitivity analyzis

Dams_Storage
capacity

m

amount of starage capacity aver area
of zub-catchment

higher capacity, lower
yulnerability

IKOME project,
Aktionsplan Hochwazse

Economic

#

reffer to table

Rainfall

mifyear

the average rainfalllyear of 3 whale RE
hro iz} o)

= 1000 W pEa . =

Higher rainkall, higher

yulnerability

Ekztram et al.

Degrated Area

% of degraded area

Biigger O, higher
yulrerability

WhHI

Urbian Growth

% of increase in urbuan area in last 10

YBars;

Fazt urban grovth may
rezult in poor quality
howsing and thus make
pecple more wulnerable

LUNOFBCPR, 2004

Land Use

% of forested area

The higher =, the low
yulrerability

Ewaporation rate

yearly evaporation rate

higher EW, lower
yulnerability

Ek:ztram et al.

P atural

Rezeration

% of natural reservation over total SC

Aur *100
Talal_Arda_a) _ Rivdr_ Gasl
area

Higher %, Lower

yulnerability

LMEP

Unpopulated Area

% of area with denszity of population
55 than 10 perstkm?

Higher Unpop area. Lower
yulnerability

‘W ater Resource Atlas

Topography

average slope of zub-catcment

The steeper slope, higher
yulnerability

wikipedia

River Discharge

magimum dizcharge in recard of the
last 10 years, m'ls

higher RO, higher
yulnerability

21 December 1993
[Wikepedia]

Frequency of
OGEUrAnGe

years between floods

bigger # of years, high
yulnerability

IKOME project,
Aktionsplan Hochwazse

EIIIFHJiI‘JI

Evapaoration
ratefFaintall

‘early Evaparation awver yearly rainkal

Higher the Ew, lower
yulnerability

Ek:ztram et al.

0 5o

DOams=_Storage
capacity

amaount of storage capacity

higher m3, higher
yulnerability

IKOME project,
Aktionsplan Hochwasse

AvRd

Average River
Dizcharge

average river discharge at the mouth

wikipedia

Seifyes

1§

Storage capacity
awer yearly
dizcharge

Storage capacity divided by yearly

violume runoff

higher S means lower

yulnerability

Reffer ko 34 & 35
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Appendix VIl The Mun Sub-catchment Data Sources

Mun Sub-calchment Scale

MName

F¥
Factor

Units

Definition of indicator

Functional
relationship with

Data Source

Fopulation

density

E

pecplefkm

There is animportant expozure ba a
given hazard if population iz
concentraked

Higher # of people, higher

wulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesicsthang.p
dt

Fopulation in

Hood prone area

people

Mumber of people living in flood

prone area

The higher number of
people, higher wulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesicsthang.p

i

Urbanized Area

kS

* of tatal area which is urbanized

higher ¥ higher vulnerability

INTUTE

Fural population

kS

4 of population living outside of

urbanized area

higher ¥ higher vulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesicsthang.p
A

¥ of

dizable

Ciizabled People

% of population with any kind of
dizabilities, also people lezs 15 and
miare than 65

higher 3 higher yulnerability

INTUTE

HOI

Human
Development
Indes

. 1 1 1
HOI = (281) + =21 +=(G])

The higher value, lawer

wulnerability

UMDP, 2004

Cn

Child Mart ality

Mumber of children less than 1year

old, died per 1000 birthz

The higher number of

chilren, higher wulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesicsthang.p

Fast Experience

# of people who have been affected
in last 10 years becausze food
BUENLS;

The higher value, lawer

wulnerability

dE
httpHEE 1732337 IMP
ompl2003mapstAcadem
icindividual-Caguard.pdf

BwmarenessiFre
paredness

Range between 1-10

10 means lower vulnerability

Retfer ko Table

Communication
FPenetration

¥ of households with sources of

information

Higher percentage means
lomer wulnerabilin

INTUTE

Warning system

iF Mo Wy than the walue is 1, if yes W
than the value is 10

Having WS reduces the
wulnerability

esiho

Ewvacuation

Roads

¥ of azphalted roads.

The better the quality of
roads, improves the
eyvacuation during Hoods

INTUTE

Land Use

4 area used For industry, agriculture,
any types of economic activities

The higher *, the high
wulnerability

INTUTE

Unemployment

_ Hof _pompl_Chempl |
Tokal Fp_ dorTh Hwd:

The higher *, the high

wulnerability

‘Warld Factbook 2005

Inequality

Gini Coetficient for wealth

inequality, between 0 and 1

Where 1means law

wulnerability

LN

Life expectancy

Index

IE - 25

LEl: @———
83 - 25

Higher LEI, Lawer

wulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesdrafsiths
cope pdf

Flaod Insurance

the number flood insurances per 100

inhabitants, if 0 than take 1

higher # of F, lawer

wulnerability

Amaount of
Investment

Ratio of investment aver the total
GOF

Higher the inveztment lower
wulnerability

UNEF, 2004

Dikes_Levees

Km of dikezflevess over tatal
length of river

Langer 0L, lower
wulnerability

Google earth

Dams_Storage
capacity

amount of storage capacity ower
area of sub-catchment

higher capacity, lower
wulnerability

W GO Sl Edy

Economic
TecoNery

Retfer ko Table

Rainfall

the average rainfalliyear of a whale
™M _ m

T * gy - Jear

Higher rainfall, higher

wulnerability

http:ttwaw.dams.orgidocs
tkbasefstudiesicsthang.p
dt

Diegrated Area

* of degraded area

Eigger Oy, higher
wulnerability

WHI

Urban Growth

¥ of increaze in urban area in last 10

years;

fast urban growth may
rezult in poor quality
hiouszing and thus make

UNDF{ECFR, 2004

Land Use

kS

4 of Forested area

The higher %, the law
wulnerability

http:ffwaw.mek.ongnet.arg
timage GG/ Uruya.pdf

Evaporation

rate

mifyear

yearly evaporation rate

higher Ew, higher

wulnerability

MMekong River

Commission

Matural

Resermsation

kS

4 of natural reservation owver total

ar *100

B Tolal Arda_af  Rivar_ 811

5C area
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Higher i, Lawer

wulnerabilit

UMNEF




Mun Sub-catchment Scale

MName

F¥
Factor

Units

Definition of indicator

Functional
relationship with

Data Source

Unpapulated
Area

E

=

2 of area with density of population
less than 10 perstkm®

Higher Unpop area. Lower
wulnerability

‘water Resource Atlaz

Topography

awerage slope of sub-catcment

The steeper slope, higher

wulnerability

wikipedia, google earth,
http:tfg hydrowashingt

on.eduy

Fio

Riwver Discharge

magimum discharge in record of the

lazt 10 years, m¥s

higher RO, higher
wulnerability

httpetfwan.dams orgidocs
fkbazedstudiesfesthang.p

Fo

Frequency of
OCCUTance

years between floods

bigger # of yearz, high
wulnerability

httpetfwan.dams orgidocs
fkbaszelstudiestesthan.p

E\'”:Linhll

Enaparation
ratefBiainfall

‘early Evaporation aver yearly
rainfall

Higher the Ew, lower
wulnerability

httpeffwnm. dams.argidocs
{kbasetstudiesfesthansp

O Sc

Olams_Storage
capacity

amaount of shorage capacity

higher m3, higher
wulnerability

httpetfwnm.damz.argidocs
tkbaselstudiestesthanyp

AuRd

Auerage River
Cizcharge

average river discharge at the
miouth

wWhn.dams.ong

Sofvyear

Storage
capacity over

Starage capacity divided by yearly

Timisoara Urban Scale

higher S means lower

Retfer bo 35 & 36

Name

Units

Definition of indicator

Functional relationship with
vulnerahility

Data Source

Population density

peaplelkm

There iz an impartant expozure ko
aqgiven hazard if population is
Goncentrated

Higher # of people, higher

wulnerability

wikipedia

Populaticn in Aood
prone area

people

IMumber of people living in Hood
prane area

The higher number of peaple, higher
wulnerability

wikipedia

Cultural Heritage

number af hiztorical buildings,
museums, ek, in danger when
Hood oceurs, if none take 1

high # of ©H, kigher the vulnerability

wiaker authority of

Banat, INTUTE

FPopulation grawth

% of growth of population in urban

areaz in the last 0 years

Fazt PG, higher wulnerability,
hypathesiz is made that fast
population growth may create
pressing on housing capacities

wikipedia, INTUTE

E=l

dizable

Dizable People

* of population with any kind of
disabilities, alzo people less 12
and miore than B5

higher >, kigher valnerability

wikipedia, INTUTE

HOl

Human Dewvelopment

Indey

1, HO 1
- icmmiwmi(t;n

The higher value, lower walnerability

UMOF, 2004

Ch

Child Miartality

IMumber af children less than 1
year old, died per 1000 births

The higher number of chilren, higher
wulnerability

UMD, 2004

Pazt Experience

# of pecple who have been
affected in last 10 years becauze
flood events;

The higher walue, lawer wulnerability

waber autharity of Bana

AwarenessiFrepars
dness

Range between 1-10

10 means lawer wulnerability

reffer bo table

Communicatian
Penetration Fate

% of households with sources of
infarmation

Higher percentage means lower
wulnerability

INTUTE

Shelers

number of shelters per km®
including hospitals

bigger # af 5, lower valnerability

water autharity of Blana

wharning system

iF Mo 'y than the value is 1, if yes
w's than the value iz 10

Having WS reduces the wulner ability

waker autharity of Blana

Emergency Service

numbeer of people working in this
serdice

bigger # of people, less vulnerable
they are

waker autharity of Blana

Ewacuation Fioads

% of asphalted roads.

The better the quality of roads,
improves the evacuation during
flonds

INTUTE

Industries

# of industries or any types of
BCONCMIG activities in urban area

The higher 3, the high walrerability

waker authority of
Banat, INTUTE

Cantact with River

Dizkance of city along the river

miore distance, more wulnerability

google earth

Unemplayment

L, = Kol mopl Unem a0
Tet! Fop dpefo Pork

The higher *, the high wulnerability

‘worldfact Boak, 2007

Inequality

Gini Coetficient far wealth
inequality, between 0 and 1

‘where 1means low vulnerability

UMD, 2004

Fload Insurance

the number Flaod insurances, if 0
than take 1
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higher # of FI, lawer yulinerability

waber autharity of Bana




Timisuara- .l.lrhan Scale

MName

F¥
F actor

Definition of indicator

Functional relationship
with vulnerability

Data Source

Amount of
Inyestment

R

Riatio of inyestment over the
total GOP

Higher the investment lower
yulnerabilipy

water autharity of Banat

Oikes_Lewees

R

km of dikesfleyess

Longer O_L, lawer vulnerability

water autharity of Banat

Damz_Storage
apacity

Storage capacity in m3 of

damg, polders, ete., upsteam of

higher m3, kigher wulner ability

water autharity of Banat

RT

Flecovery time

Amaount of time needed by the
ity ba recover bo a functional
operation after Hiood events

the higher amount of time, the

higher wulnerability

FLI.MI

Rainfall

the average rainfalliyear of a

whole BB

Higher rainkall, higher walner abilicy

Ekstrom et al,,
hitpettlcweb loc.goudtnd
festkhtoc html

Ly

Land Use

area destined for green areas
inzide the urban area

The higher ¥, the low wolnerability

water autharity of Banat

LG

Urban Growth

% of increase in urban area in

lazt 10 years

fast urban growth may rezult in
poar quality howsing and thus
make people mare wulnerable

water autharity of Banat

EY

Evaparation

higher e, lawer vulnerability

Ek.=trom et al.

T

Topography

average slope of the city

The steeper slope, higher
yulnerability

water autharity of
Eianat, google earth

Fin

River Discharge

matimurm river dizchange in

recor of the last 10 years, mis

higher RO, kigher wulner ability

water autharity of
Eanat,
hitbpetfumme ail.edu.khippd
pp-html

EvlF.i

Evaporation

ratefRainfall

Yearly Evaparation over yearly

rainfall

Higher the Ev, lower wulnerability

Ekstrom et al,,
httpefleweb loc.gowifrd
tesfkhtoc himl

O S

Damz_Storage
apacity

amount of starage capacity

higher m3, kigher wulner ability

water autharity of Banat

o]

Orrainage system

Km of canalization in the city

highier km, low wolnerability

Aguatim Bo

AyD

Buerage Dizcharge

"Waker Autharity of
Banat

Sefiyear

Starage over yearly
runckf

Amount of shorage capacity
oner the gearly average ranaff

Larger storage capacity means
lawer walnerability

"Waker Autharity of
Banat

Name

Units

Definition of indicator

Functional relationship

with vulnerability

Data Source

Fopulation

density

peapledk

mé

There iz an important expozure
b a given hazard if population
iz concentrated

Higher # of people, higher

vulnerability

wikipedia

Fapulation in
flood prone area

people

IMumber of people living in
flood prone area

The higher number of pecple,
higher walnerability

wikipedia

Cultural Heritage

number of historical buildings,
museums, etc., in danger when
food occurs

high # of CH, higher the

vulnerability

identic for all cities

FPopulation

grivwth

% of grawth of population in

urban areas in the last 10 years

Fast PG, higher vulnerability,
hypothesis iz made that Fast
population growth may create
pressing on housing capacities

INTUTE

Dizable Feople

% of population with any kind
of dizabilities, also people less
12 and miore than 65

higher ¥, higher vulnerability

INTUTE

Human
Dievelopment
Indey

1 1 1
*HOI = 5 (L2042 (ED+ 2(G])

The higher value, lower

vulnerability

UMD, 2004

Child Martality

Mumber of children less than
year old, died per 1000 births

The higher number of chilren,
higher vulnerability

UMD, 2004

Fast Experience

# of people who have been
affected in last 10 years
because Hood events;
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The higher value, lower
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Mannheim Urban Scale

Name

F¥
Factor

Definition of indicator

Functional relationship
with vulnerability

Data Source

AwarenesziPrep
arednegss

H

Range between 1-10

10 means [oower vulner ability

reffer ko table

Communication
Penetration Rate

H

% of househalds with sources
of information

Higher percentage meanz lower
wulnerability

INTUTE

Shelers

number of shelters per km®
inzluding hozpitals

bigger # of 5, lower wulnerability

identic far all cities

‘Warning system

if Mo Wiy than the value is 1, if
yes W than the value iz 10

Having 'S reduces the
wulnerability

ez

Emergency
Sevice

number of people working in
thiz senvice

bigger # of people, less
wulnerable they are

identic far all cities

Ewacuation

Foads

¥ of asphalted roads.

The better the quality of roads,
improves the evacuation during
floods

INTUTE

Industries

# of industries ar any types of
ECONOMIC activities in urban

The higher 2, the high
wulnerability

goagle map, industry

Contact with

Diztance of city along the river

mare distance, mare

goagle earth

Unemplayment

oo araply LA dwge] 100

= Tora] Poy o prTo Biovk

The higher 2, the high
wulnerability

Worldfact Bock, 2007

Inequality

Giini Coetficient har wealth
inequality, betwean 0 and 1

‘where 1 means [ow valnerability

UMOF, 2004

Flood Insurance

the number flood insurances
per 100 inkabikants, if 0 than

higher # af FI, lower
wulnerability

MurnichFe

Amount of
Inwestment

Ratio of inwestment aver the
takal GOF

Higher the inwestment [omer
wulnerability

See sensitivity analyzis

Oikes_ Leyees

Km of dikesilevees

Longer O_L, lawer wulnerability

google earth

Dams_Storage

Gapacity

Storage capacity in md of
dams, palders, etc., 100 km
upsteam of the city

higher m3, lower valnerability

IKOME project, Aktionsplan

Hochwaszer Meckar, 2008

RT

Fecaouery time

Amount of time needed by the
ity ta recoyer ba a functional
operation after flood events

the higher amount of time, the

higher vulner ability

Hai-hll

Riainkall

the average rainfalllyear of a
whiole BB

Higher rainfall, higher
wulnerability

Ek.stram et al.

Ly

Land Uze

area destined Far green areas
inzide the urban area

The higher 2, the low
wulnerability

Sensitivity Analysiz

UG

Urban Girowth

% ofincrease inurban areain

last 10 years

Fask urbian grawth may result in
poar quality howsing and thus
make people more vulnerable

UMOP/ECPR, 2004

EY

Ewaparation

yearly decrease ratein
groundwater level

higher GWL, higher wulnerability

Ek.stram et al.

T

Topography

average slope of sub-
catcment

The steeper zlope, higher
wulnerability

wikipedia

Fie

River Dizcharge

makimum river discharge in
recor of the last 10 years, m'fs

higher RO, higher wulnerability

21 December 1333 [Wikepedia)

E\'fHaI-FaII

Evaparation
ratefRainkall

‘fearly Evaporation ower yearly
rainfall

Higher the Ew, lawer
wulnerability

Ekstrom et al.

O Sc

Dams_Storage
capanity

amount of skorage capacity

higher m3, lower vulnerability

IKOME project, Aktionsplan
Hochwaszer Meckar, 2005

Cirain

Drainage system

Km of canalization in the ity

higher km lezs walnerability

Stadtentwasserung Mannheim|

AuD

Average

Buerage discharge

wikipedia

Selyear

Storage over
yearly runofk

Amount of storage capacity
owver the yearly average runoft

Larger storage capacity means
later wulner ability

reffer to 34 and 36
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Appendix X Phnom Penh Urban Area Data Sources

Name

F¥
Factor

Phnum FPenh Urban écale

Units

Definition of indicator

Functional relationship
with vulnerability

Data Source

Fopulation denzity

E

peaplefkmz

There iz animportant exposure
to a given hazard if popualation is
poncentrated

Higher # of people, higher

wulnerability

wikipedia

Fopulation in Hood
prone area

pecple

Mumbeer of peaple living in flood
prone area

The higher number of people,
higher vulnerability

Mekang
Organization

Cultural Heritage

number of historical buildings,
Museums, etc., in danger when
Hood oeeurs, if none kake 1

high # of ZH, higher the

wulnerability

Fopulation growth

* of growth of population in

urbian areas in the lazt 10 years

Fazt PG, higher wulnerability,
hypotheszis is made that fast
population growth may create
pressing on housing capacities

INTUTE, "wiarldfact

Eook, 2007

Dizable Pecople

* of population with any kind of
dizabilities, also people les= 12
and more than 65

higher 2 higher vulnerability

‘worldfact Book,

2007

Human
Development Index

q [ 1 I
HOl = (2 £+ 280 + 2050y

The higher value, lower
wulnerability

wikipedia

Child Martality

Mumber af children lezs than 1
year old, died per 1000 births

The higher number of chilren,
higher vulnerability

UMDF, 2004

Fazt Experience

pecple

# of people who have been
affected in last 10 years because
flaod ewents;

The higher value, lower

wulnerability

ADE, 2008

AwarenessiPrepare
dness

Range between 1-10

10 means lower vulnerability

refber ko table

Communication
Fenetration Rate

¥ of households with sources
of infarmation

Higher percentage means lower
wulnerability

INTUTE

Shelters

number of shelters per km®
including hospitals

bigger # of 5, lower vulnerability

identic for all cities

‘Warning system

iF Moo s than the value is 1, if yes
'y than the value iz 10

Hawing WS reduces the

wulnerability

il

Emergency Service

number of people working in this
serdice

bigger # of pecple, less
wulnerable they are

identic for all cities

Evacuation Foads

¥ of asphalted roads.

The better the quality of roads,
improves the evacuation during
Hoods

INTUTE

Industries

# of industries or any types of
eConamic activities in urban

The higher *, the high
wulnerability

INTUTE

Contact with River

Diztance of city along the river

more distance, more

goagle earth

Unemployment

wof pasple Unamal ||

U = o Fom AoITeWark

The higher *, the high
wulnerability

‘worldfact Book,
2007

Inequality

Gini Coefficient for wealth
inequality, between 0 and 1

‘Where 1means low vulnerability

UMDF, 2004

Flood Insurance

the number Hood insurances, if
O than take 1

higher # of F1, lower vulnerability

Mekang
Organization

Amount of
Inwestment

Fatio of inwestment auver the
total GOP

Higher the investment lower
wulnerability

ADE, 2008

Dikes_ Levees

Em of dikesflevess

Langer O_L, lower vulnerability

ADE, 2008

Dams_Storage
capacity

Storage capacity inm3 of dams,
polders, etc., upsteam of the city

higher m3, higher wulnerability

Tonle Sap Lake

Recauveny time

Amount of time needed by the
ity ba recouer ko a functional
operation after flood events

the higher amount of time, the

higher vulnerability

Rainfall

the average rainfallfyear of a
whiole BB

Higher rainfall, higher
wulnerability

hetpefflewebz. oc.go
wifrdicsfkhtoc.him

Lu

Land Use

area destined for green areas
inside the urban area

The higher %, the low
wulnerability

UG

Urban Growth

¥ of increase inurban areain

last 10 years

fast urban growth may result in
poor quality housing and thus
make peaple more vulnerable

ADE, 2005

EY

Evaporation

yearly decrease ratein
groundwater level

higher GWwL, higher vulnerability

httpefflewebz. loc.go
witrdfcsfkhtoc.him

T

Topography

average slope of the city

The steeper slope, higher
wulnerability

ADE, 2008

Fip

River Dizcharge

matimum river discharge in
recar of the lazt 10 years, m'l=s

higher RO, higher wulnerability

bkt ped e il eduLk,
hipplpp.hitml

E'\'”:Linhll

Evaporation
ratedRainkall

‘fearly Evaporation awver yearly
rainfall

Higher the Ew, lower vulnerability

httpefflewebz. loc.go
witrdfcsfkhtoc.him

O S

Dams_Storage
capacity

amount of storage capacity
within 100Km upstream of the

higher m, higher wulnerability

Tonle sap lake
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Phnom Penh Urban Scale
Abb. Name

Units Definition of indicator | Functional relationship
Dirain Drainage system

with vulnerability
Km af canalization in the city ADOE, 2005
AuDl | Awerage Discharge average discharge wikipedia
Scitfyear | Storage over yearly Amaunt of storage capacity
runiaff oner the yearly auerage runckf

Data Source

Larger starage capacity means
lamer vulnerabilit IR )R £
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