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CONTENT OF THE PAPER The paper consists of four basic parts:

a. In the first part, the fundamental terms "hazard", "risk" and "vulnerability" are an-
alyzed. In concrete terms, the theoretical mathematical definition of the hazard and
the risk is given. Additionally, a systemic paradigm for the assessment of flood hazard
and flood risk in flood-prone areas is presented. In the framework of this paradigm, the
computational steps for the estimation of flood hazard and flood risk are described.

b. In the second part, the differences between the engineering studies for flood-prone
areas, in the past, and the new EU flood directive 2007/60 are given. Additionally, the
differences between the EU directive implementation and the paradigm presented by
the author in the first part are stressed.

c. In the third part, a computational flood model developed for urban areas with mild
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terrain is shortly described. The model was applied to the estuary of Sperchios River
(Greece) with very satisfactory results.

d. In the fourth part, two critical points in the flood directive implementation are shortly
discussed.

GENERAL COMMENTS 1. The practical merit of the paper consists in the presentation
and discussion of engineering aspects for the confrontation of flood problems. Both
methodologies for the confrontation of flood problems presented in the paper, namely
the paradigm of the author and the EU directive, constitute practical solutios, applicable
to flood-prone areas.

2. The EU directive takes into account the most unfavourable case, that no protection
measures were planned, and the losses/damages are converted into monetary units.
According to the paradigm presented by the author, in a first step, the maximum water
depths are theoretically estimated in the potentially inundated area, that is totally un-
protected from floods. In a second step, the inundation depths are estimated for the
same area, protected now by some natural and man-made measures and structures.

3. In my opinion, both methodologies could be applied to a flood case, and the hy-
draulic engineer should decide which is the optimal solution concerning the mitigation
of the flood consequences, on the one hand and the expenses for the construction of
protection measures, on the other hand.

4. | believe that the quality of the paper can be improved through the "public" discus-
sion.

SPECIFIC COMMENTS - QUESTIONS 1. Equations (1) and (2): What is D? What is
fD(x)? (See also annotated manuscript!)

2. Page 9: Are water velocities illustrated in Figure 6? (See also annotated
manuscript!)

3. Figures 3 and 4 need explanation in the text. (See also annotated manuscript!)
C9

NHESSD
2, C8-C25, 2014

Interactive
Comment

Full Screen / Esc
Printer-friendly Version
Interactive Discussion

Discussion Paper


http://www.nat-hazards-earth-syst-sci-discuss.net
http://www.nat-hazards-earth-syst-sci-discuss.net/2/C8/2014/nhessd-2-C8-2014-print.pdf
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014-discussion.html
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014.pdf
http://creativecommons.org/licenses/by/3.0/

TECHNICAL CORRECTIONS 1. Figures 7 and 8: Variables should be written on the
x-axis and y-axis. (See also annotated manuscript!) NHESSD

2. See annotated manuscript! 2, C8-C25, 2014
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Flood Risk Assessment: Concepts, Modelling, Applications

G. Tsakiris

Centre for the Assessment of Natural Hazards and Proactive Planning, School of Rural and
Surveying Engineering, National Technical University of Athens

Abstract

Natural hazards have caused severe consequences to the natural, modified and human
systems, in the past. These consequences seem to increase with time due to both higher
intensity of the natural phenomena and higher value of elements at risk. Among the water
related hazards,flood hazards have the most destructive impacts. The paper presents a new
systemic paradigm for the assessment of flood hazard and flood risk in the riverine flood=
prone areas. Special emphasis is given to the urban areas with mild terrain and complicated
topography, in which 20 fully dynamic flood modelling is proposed. Further the EU flood
directive is critically reviewed and examples of its implementation are présented. Some
critical points in the flood directive implementation are also highlighted.

Key words: natural hazards, flood modelling, urban areas, flood damages, flood risk, flood
directive

1. INTRODUCTION

Natural hazards vary in magnitude and intensity in time and space. Under certain conditions
and influenced by triggering factors they may cause loss of lives, destroy infrastructures and
properties, impede economic and social activities and cause destruction of the cultural
heritage monuments and the environment.

It should be stressed that, during the last few decade§ natural hazards were the cause for
loss of hundreds of thousands of human lives and for damages and losses of billions of euros
around the world. Only for the period 1974-2003 more than two million people lost their
lives due to natural hazards.

Among the most destructive natural hazards are floods caused by river overflows, flash
floods in the cities, and coastal floods in the coastal areas.

The severe floods in Central Europe during the last decade led the European Union to set in
force the new Flood Directive 2007/60 which can be characterised as an innovative
paradigm for the defence against floods.

Itis the purpose of this overview paper to review the advances in flood risk assessment both
from the scientifc and professional point of view. In this context the paper starts with
of the definiti of the key i and proposes a new systemic

for the risk asitis ised for the above types of floods. Then, it

presents in brief the new EU flood directive, and it concentrates on the urban areas with
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mild terrain. Finally it highlights some important critical points which should be addressed
based on the lates{ scientific findings which wil result in a detailed modelling of floods and
give more reliable flood risk maps and plans,

2. FROM HAZARD TO RISK: A SYSTEMIC APPROACH

Although the related terminology for the natural risk assessment is not unique, in this paper,
the definitions of the most important terms are given as they were adopted at the Centre of
the Assessment of Natural Hazards and Proactive Planning of the National Technical
University of Athens. These definitions were adopted after a long debate among scientists of
different disciplines who are acknowledged for their contributions.

Therelorel hazard may be defined as a source of potential harm, a situation with the
potential to cause damage or a threat/condition with the potential to create loss of lives or
to initiate any failure to the natural, modified or human systems (Tsakiris, 2007),

The hazard can occur in different times with different magnitudes/intensities. It can be,
therefore described by a timekeries H(t). The nature of Hit) is stochastic in general. However,
in certain cases, it can be also regarded as a random process if the cause is totally natural. In
most cases however, some deterministic influence can be caused by triggering factors which
initiate the hazard occurrence or influence its magnitude.

If H(t) is a totally random process, the hazard events can be described by a theoretical
probability density function (pdf, f(x)). Then, the probability of occurrence or the return
period of the hazardous with certain istics can be estimated
following the conventional frequency analysis.

A very useful statistical quantity for assessing the overall destructive activity of a hazardous
phenomenon is the average or annualised 9 hazard as proposed by Tsakiris (2007a and
2007b). The expected value E(D) and the variance Var(D) are written accordingly:

E(D):Ix»f,,(x)dx &)

Var (D)= [ £, ()as-(E(D)] @

in which x is the sum of potential consequences of the phenomenon with a certain

probability of occurrence.  What is By (%) What s D2

The average hazard, although potential (not real), gives a representative measurement on
the overall threat of the natural hazard in question. Therefore,it gives information on the
degree of the hazard-prone area as compared with other areas suffering from the same
hazard by estimating the potential consequences on the affected unprotected system.
Needless to say that the variance (or the standard deviation) gives an estimate of the range
of potentially expected losses/damages.
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This type of quantification of hazard has been questioned by several scientists with the
thesis that hazard is a potential threat and cannot be estimated through the possible
damages. This opinion is also followed by the EU flood directive in which the flood hazard is
quantified by the map of inundation depths of the affected area caused by a flood with
certain characteristics.

Coming back to the terminology adopted in this paper, the quantification of the effects of a
hazard event is always based on the assumption of a totally unprotected system which is
affected by this hazard. In reality allaffected systems have a level of protection ranging from
absolutely minimal to a high level protection. The degree of protection can be represented
by the term of vulnerability.

The vulnerability of a certain element towards a certain natural hazard can be defined as a

of the degree of ibility to damage from this hazardous phenomenon or
activity. The concept of vulnerability can be also attributed to an entire system, although it is
obvious that the elements of the system may exhibit differential vulnerability.

The vulnerability of a system exposed to a certain natural hazard is dependent mainly on the
degree of exposure, the condition of the system (ag its capacity to withstand), the
magnitude of the phenomenon and*o called “social factor” which represents the
responsiveness and the effectiveness of the people to deal with the abnormal conditions
caused by the hazard occurrence. Needless to say that all these factors are to some extent
interrelated and their composite effect on the vulnerability may be multiple.

Finall the term risk of an element is defined as “the sum of expected losses and damages of
any kind due to a particular natural phenomenon as a function of natural hazard and the
vulnerability of the element at risk (UNRO, 1991). In practical (erm§ risk is the real threat to
an element (or a system) given its vulnerability towards the phenomenon. Therefﬂre,risk, as
adopted in this study, is measured in monetary units or any other units of damages/losses.

Here, it should be also mentioned, however, that risk has different meaning in various
disciplines. In some cases,it is defined as the probability of occurrence of an adverse event
during a number of years, and in others as the probability that an external forcing factor
exceeds the capacity or the resistance of the system leading to a failure (gg. Hashimoto et al,
1982; Nicolosi et al, 2007).

In analogy with the average hazard, the average risk, R(D), can be written mathematically:
RD)=[x-¥ (x)- , (x)de @
)

in which x is the potential consequence anticipated by a certain hazard with magnitude

to a certain pr ity of the pdf of which is fo(x), and V(x) is the
vulnerability function expressed as a function of the remaining losses when compared with
the totally unprotected element/system. For simplicity, V(x) is a function taking values
between 0 and 1. Zero means totally protected and one means totally unprotected
element/system.
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Fig. 4.

For ilustration purposes, Fig. 1 presents the vulnerabilty of a system as a function of the
magnitude of the hazardous phenomenon (gg. maximum flood discharge). The initial curve
shows that the vulnerability of the system is zero up to a certain low magnitude of the
phenomenon (Q;) and becomes 1 if the magnitude exceeds a high value (Qu) of magnitude.
This means that the system becomes totally unprotected for magnitudes higher than Q. If
the system is improved by several measures and structures, it can withstand higher
magnitudes of the phenomenon. This is shown by the shift to the new vulnerability curve
(improved) for which both the lower and higher magnitude values are shifted to the right.
Therefore, as can be deduced from Fig. 1, for the same magnitude of the phenomenon the
improved system exhibits lower vulnerability.

Figure 1.

In equation (3), it should be noted that the integration starts from zero although in reality
(Fig. 1) this starts from a certain positive threshold indicating a minimal protection. Also the
variance of risk is calculated in a similar way as in the case of the equation describing the
variance of hazard.

In order to understand clearly the chain between hazard and risk and the proposed systemic
approach, we present now an analogue from everyday life. A family (husband, wife and
child) gd'fo the beach for swimming in a bright hot day of summer. Here,the danger to cause
harm is the sun and its detrimental activity. If exposed without protection in the sunjany
member of the family may run in dermatological problems. For this reason,the family stays
under an umbrella which limits the activity of the sun and protects the members of the
family to a great extent. HOWEVefI the members cannot be protected totally from the sun
rays during their stay in the beach.

This analogue gives us a clear explanation of the terms related to risk assessment according
to the proposed systemic approach. The members of the family are the elements of the
system. Each element of the system has different susceptibility to harm/ lhereforel its
vulnerability towards the sun activity is different. The umbrella assists in the protection of
the members lowering their exposure and therefore decreasing their vulnerability. The
remaining part of the sun activity (which passes through the umbrella or reaches the
members of the family through deflectionfland harms the members of the fami)is the risk
associated to the hazard event. Obviously this i a snapshot of the hazard (a hazard episode)
and the remaining risk. As mentioned earlier,bolh hazard and risk can be described by a
nme}enes related directly to the hazardous phenomenon, which is realised in various
intensities and time scales. Therelore)the overall consequences on the elements of the
system from the several visits over the years to the beach can be assessed by the average
risk.

In analogy for flood risk assessment, the ume}eries of flood events (eg. hydrographs)
threatening the flood-prone area represent the flood hazard,whereas the affected system is
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a whole watershed or a part of it). The elements of the >
of the entire domain -composite elements- or in more

the area threatened by floods (g
system are the squares of the gri
detail any item characterised by its type, its location in the area under study, and its initial
value at risk. For example,an element of the latter characterisation could be a two-storey <
building with a basement (type), in a certain square of the city affected (Iocation), of which

the value at risk is certain thousands euros (initial value at risk).

The simplest method for calculating the damage in each element is to use an appropriate
depth-damage curve which is tailored for the type of element and the specific location
[FEMA (1993), FEMA (2003)).

In a recent study on the dimensions of the elements in an urban area suffering from llood%il b3
was concluded that)if bigger areas of land are taken as the elements of the system, the &
quan(ifica(iovbuf the damages and therefore the estimation of flood risk is more reliable 2
(Pistrika, 2017). ¢

In conclusion,the proposed paradigm for flood hazard and risk estimation follows the steps 7%

Step 1: It considers the various hydrographs produced for different return periods and the
potentially inundated area with the maximum water depths theoretically estimated by the
volume of flood without any losses. These inundation depths for each scenario (return
period) are then used for the estimation of potential consequences. The theoretical
consequences which can be caused by these depths represent the estimation of flood
hazard corresponding to the return period in question.

Step 2: Step 1 refers to a totally unprotected area from floods. Howeve due to some natural
7

produces different inundation depths (generally smaller than  the previous ones), thus

corresponding to lower damages and losses. These more «realistic» damages and losses in

appropriate units (gg. monetary units) represent the flood risk of each scenario.

*
and man-made protection measures and structures,the routing of the flood of each scenario %

*

%

For illustration purposes let us consider the above mentioned building as an element of the
suffering system. The 100 year flood gives roughly an inundation depth of one meter which
causes damage to the building of 50000 euros. If the same flood is routed through the flood-
prone area with all protection structures, using the appropriate data and the routing
packages, the maximum depth which is recorded for the building is 0.60 meters which
causes an estimated damage of 35000 euros. Thus,the hazard of this event for this element %
of the system is 50000 euros and the anticipated risk is 35000 euros leading to the value of
0.70 of the vulnerability function. The risk management plan in this case should be directed
towards the measures and structures which can lower the vulnerability of the element, but
most importantly, the vulnerability of the whole flood-prone area, not only for the certain

event, but for the entire nme}eries of the hazardous flood phenomenon. For the &

identification of the really flood vulnerable areas and prioritisation schemes of protection
measures, the average (annualised) risk of each area should be calculated as presented
previously.
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The above simplistic examples demonstrate the proposed new paradigm for analysing floods
as natural hazards, assess flood risk in the flood-prone areas and formulate plans for
lowering their ilty. However, the i ion of this paradigm faces some
severe difficulties. One of them is how we can, even roughly, estimate the damages and
losses without taking into account any natural or man-made existing protection. The answer
to this is that the hazard damages can be roughly estimated since they do not play any
important role in the final risk Even for the ison of different flood-pi
areas and prioritisation of areas for action against floods, the average risk is the key
determinant and can be assessed independently.

Another important drawback of the method (and any method based on loss/damage
estimation)is the estimation of loss of lives associated with the phenomenon and its
transformation to units compatible to the losses and damages. This is still an open issue with
not definite answer yetlal(hough it has been addressed from various angles (Pistrika, 2010).

3. THE EU FLOOD DIRECTIVE

In the pas!,engineering studies conducted for the flood-prone areas and based on a certain
probability scenario, reclamation measures and protection structures were usually proposed
as the engineering view of protection. The aim was always to protect the flood-prone area
from flooding provided that future floods would not exceed the probability level of design

o] flood protection structures.

With the new EU flood directive 2007/60 (EC, 2007) there is a paradigm shift in the studies
of floods. The studies are oriented towards the rationalisation of the procedure, flood risk
mitigation measures. According to this innovative paradigm,flood scenarios are formulated
corresponding to high, medium and low probability and the associated risk (in termgof
losses/damages expressed in monetary units) is evaluated. Further improvements are
proposed if the anticipated losses/damages cost is higher than the proposed protection
measures. That is to say that from “structural defence” based on a certain probability of
exceed8nce we move to balance risk and measures. As a statesman mentioned, the new
directive can be summarised by the slogan “we have to live with floods”.

The new directive implementation is based on three consecutive steps: the preliminary
delineation of flood-prone areas, the flood hazard maps, and the flood risk map resulting for
each probability scenario. The flood hazard map shows the highest inundation water depths
in the entire domain, whereas the flood risk map shows the damages/losses at each cell of
the computational field in monetary units. From the above two maps,several improvement
measures can be evaluated based on a clearly rational approach.

It should be stressed at this point that although the EU directive resembles to the paradigm
presented in the previous paragraphs, there are two major differences between the two
procedures: (a) The flood hazard in the EU directive is not evaluated as the damage/losses
level of the totally unprotected system as it is the case for the proposed paradigm of this
paper, but as the set of the highest inundation depths which can be recorded in all cells of
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the flood-prone area for the examined scenario. (b) The EU directive proposes only three
levels for probability scenarios which should be tested. Therefore information is derived only
on the three proposed probability scenarios. On the contrary the paradigm proposed in this
paper is based on the calculation of average risk_for which at least 5-6 probability
levels/return periods scenarios should be tested (gg.
1000 years). This is because the level of damages/losses should be described covering the
whole range of magnitudes of the phenomenon.

From the first glance, the implementation of the Flood Directive looks rather simple.
Howevepin realityt s #very difficult to apply, mainly due to the large bulk of data required.
Detailed topographic data, assets data, economic activities data, and many others should be
available on GIS layers in order to be used both for the hazard and risk maps. The critical
point is thatyin most of the cases,reliable and complete data are very seldom available and
their collection is not always an easy task. Furthermore this type of data is often of dynamic
nature influenced by a number of factors. Therefore, they are not totally reliable for
supporting decisions on measures against floods since they are not stationary.

Another critical point is how we transform the hazard map to the risk map. The only
practical way so far is through the depth-damage curves. That is,the damage is expressed as
a 1-1 function of inundation depth. However, this type of curves should be derived
specifically for the location in which they will be applied. They include a high possibility of
error which somehow should be accounted for (Pistrika and Tsakiris, 2007).

Also damages /losses cannot be uniquely related to the highest simulated inundation depth
at each cell from a certain flood episode. The damages/losses can be influenced by other
hydraulic parameters such as water velocity for instance. Damages/losses can be direct or
indirect, simultaneous or delayed, tangible or intangible. Therefore, the type of approach
based on the estimation of damages/losses as a unique function of the highest depth of
water recorded in each cell is very simplistic and may result in misleading conclusions.

o
Apart from the above,the decision for implemen(a(ionethe flood directive by the member
states is useful and it will gradually assist in proposing rational systems for the protection of
the flood-prone areas (early warning, non-structural measures, structural measures).

Following are proposals for the improvement of modelling of floods, particularly in mild and
urban terrains. In these areas,the risk is generally higher and therefore these areas deserve
more detailed and careful analysis.

As an example for the implementation of the Flood Directive, the case of Rapentoza
watershed above the Marathon gulf in Attica, Greece is presented. The watershed has an
area of 35 km? and on the main stream a flood defence dam is built to protect from frequent
floods, the mild terrain downstream valley, which is a densely populated area with intense
agricultural activities and a big number of glasshouses. In this area there are also important
monuments of cultural heritage which are also in danger.

In € Figs 2, 3 and 4, the land use map of the flood-prone area, the flood hazard map for
the scenario of 100 years return period, and the flood risk map for the same scenario are
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Fig. 8.

presented, ively. This application was made in the of the DISMA Project
(Tsakiis et a}, 2007). The tasks related 10 the production of flood hazard and risk maps are
concisely presented in the flowchart ofﬂg;. As can be seenthe flowchart comprises three
sections of calculations, one referring to geo-information, the second to the formulation of
scenarios and the hydrologic and hydraulic computations, and the third to the demographic
data, the economic activities and information on the important environmental sites and
cultural heritage monuments. To some extent, the flowchart is self explanatory. However,
de!%ls of the application can be found in the final report of the DISMA project (Tsakiis et al,
200,

Figure 2.
Figure 3.
Figure 4.
Figure 5.

4. FLOOD MODELLING IN URBAN AREAS WITH MILD TERRAIN

For the implementation of the EU directive on floods (2007/60) various scenarios should be
formulated based on the corresponding return periods (gg. m%mo and 1000 years). Each
scenario results in a design hydrograph which is then routed through the hydrographic
system of the area of interest. The inundated area is delineated and a time}eries of the most
important determinants (gg. water depth, velocity, etg) of this unstfeady phenomenon are
recorded in the total number of cells of the physical domain.

For the most accurate modelling of each flood scenariothe most powerful tools should be
used. Normally 1-D modelling is practiced in order to reach practical results with low
computational cost. Howeverin areas with mild terrain, thisrather simplified approachycan
produce misleading results. , additional ications are inserted into the
modelling process,if there are obstacles in the computational field (e.g. buildings, bridges
etq). Thereforein the areas of the mild terrain and particularly in the built-up areas,a more
comprehensive modelling approach should be adopted (g 20 and possibly 3D

XAXEXRY X% ®K¥

models)(Abderrezzak et al, 2008; Mignot et al, 2006; Ravagnani et al, 2009; Testa et al, %

2007).
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Several packages are already available for the 2D flood modelling. The most popular of them
are MIKE 21, CCHE2D, TELEMAC-2D, ISIS-2d, SOBEK, TUFLOW, RiverFLO-2D, and Infoworks-
20.

It is interesting to note that the 3D models are still very expensive to run and the additional
information they offer is not of great importance for the calculation of the impacts (Tsakiris
and Bellos, 2013).

Therefore)it seems that the 20 models are sufficient for thi type of modelling. Howeves it
should bé stressed that the modelling should be based on the fully dynamic approach and
not on simplifications which are attractive but not appropriate. For ins!anc9 kinematic wave
models can perform satisfactorily in steep areas’bu! fail to work accurately in mild terrains.

One of the most comprehensive models recently constructed at the Centre for the
Assessment of Natural Hazards and Proactive Planning of the National Technical University
of Athens is the FIOW-R2D. Details of the model can be found in other publications (Tsakiris
and Bellos, 2013). Here,onlv a brief description follows:

The model is based on the two-dimensional Shallow Water Equations (2D-SWE) with
discretization based on the two-step McCormack numerical scheme (McCormack, 1969). As
known, the McCormack scheme is explicit and therefore stable under the Courant-Friedricfis-
Lewy condition (Szymkiewicz, 2010; Benedini and Tsakiris, 2013). The simulation of moving
boundaries between wet and dry bed s achieved through a threshold of water depth which
distinguishes wet and dry cells. Further, the model has shock capturing capabilities and
therefore can describe discontinuities of the flow such as hydraulic jumps. Finally, a diffusion
factor is incorporated in the model to diffuse oscillations which may be encountered during
the numerical simulation. Quite recently, the model incorporated facilities to account for the
buildings or other structures by using the reflection boundary method proposed (Bellos and
Tsakiris, 2013),

After extensive tes(ing) the model was applied to real world applications with very
satisactory result. Figure 6 shows the results of the model application in the estuary of
Sperchios fiver in Greece. Both th maps of water depth and water velocities are presented
in Fig. 6. In other applications of the modelsthe representation of the built-up areas was
given the first priority. Figures 7 and 8 show the inundation maps resulted from the routing
of a hydrograph through an urban area with buildings in aligned arrangement (Bellos and
Tsakiris, 2013).

Figure 6.
Figure 7.

Figure 8.
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5. CRITICAL POINTS IN THE FLOOD DIRECTIVE IMPLEMENTATION

Several critical technical points in the implementation of the flood directive mainly towards
the data requirements have been highlighted in a paper by Tsakiri et al(2009).

From the points raised in the above paper, among others, the bigvariate flood scenario
should be reminded. As knowr}(he key flood scenario variables are the flow and the volume.
Therefore by considering only the flow istics n the unigvariate analysis, we neglect
the volume which may be the critical determinant for causing flood (Tsakiris and Spiliotis,
2013).

In the present paper, two additional concerns are pingpointed although they are based on
theoretical grounds and cannot be easily addressed through the implementation of the flood
directive in practice. These two points are the “nonstationarity in flood engineering design”
and the “decision on plans under uncertainty”. Both topics are vast and cannot be
comprehensively presented in this paper. However, some fundamental discussion on these
subjects is provided below. For a more thorough analyss of these subjects e reader should
consult specialised books (gg. AghaKouchak et al, 2013).

For practical reasons, we adopt the following definition of “wide-sense stationarity”. This
type of stationarity is satisfied when neither the mean nor the autocorrelation change with
time. Therefore, there is no interest on trends, seasonalities or cycles. For the engineering
design, if stationarity is satisfied, the retum period for hydrological determinants is
calculated.

Obviously,detecting and attributing trends in hydrological data is a complicated process and
often it is misled by the intrinsic climatic variability. There are several scientific methods to
analyse nonstationarity such as the testing for break points, spectral analysis, wavelet
analysi, trend detection, estimation of time varying parameters etc. Howeveyin most of the
cases reliable data of long timeberies are not available and therefore nonstationarity analysis
may produce ambiguous results.

What remains from this very concise synopsis of the problem of nonstationarity is that in
Flood Risk Management Plans, man-induced and climatic changes should be carefully
studied, adequately understood and considered in a broad sense.

Directly related to the problem of nonstationarity (due to man-induced and climatic
changes) is the problem of uncertainty which is embedded in all data and decisions

flood risk Methods for i ing uncertainty into the decisions
are many. Here, an attempt is made to present some of the most popular options to
incorporate the uncertainty into the design of structural and nonstructural measures for
flood defence.

These methods are epigrammatically presented as follows:

10
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sensitivity analysis
To evaluate the sensitivity of existing or planned infrastructure to expected
variability. This can be phrased as «what level of change can happen to have a
significant effect».

.

adaptive approach
To design with certain flexibility so that upgrades can be realised in the future.

scenario approach
To run precalibrated models with projected future conditions (which for the climate
change can be produced by downscaling of bias-corrected GCMs).

spatial gradient
That is to simulate the future conditions in an area which may resemble to present
conditions of other areas.

revision of IDF curves
To revise the Intensity-Duration-Frequency curves of an area based on the analysis
of long reliable lim#eries of rainfall data.

empirical approaches
To design with higher return periods from those adopted so far, based on empirical
observations.

6. CONCLUDING REMARKS

In this overview paper,a new paradigm for the defence against floods, formulated on the
basis of flood risk management, is presented. The new paradigm is based on the systemic
approach and the rational sequence «hazard-vulnerability-risk». Selection and prioritisation
of reclamation measures are based on the average (annualised) flood risk which is calculated

from a wide range of flood probability scenarios.

Further, the new European flood directive was presented in brief and it was concluded lhat’

in general,it is in line with the proposed paradigm. Howeves, in the flood directive, the
reclamation measures are selected based on a limited range of flood probability scenarios.
sample applications of the directive were presented for illustration purposes. Also some

critical points of its implementation were highlighted.

Emphasis was given to urban flood modelling and in particular to flood modelling in the
flood-prone built-up areas with mild terrain. Two-dimensional fully dynamic models were
proposed for the realistic simulation of flood evolvement in these areas.

Finally, the nonstationarity of flood events and the uncertainty of calculation of flood
damages/losses were also discussed.

C21

=
>

NHESSD
2, C8-C25, 2014

Interactive
Comment

Full Screen / Esc
Printer-friendly Version
Interactive Discussion

Discussion Paper


http://www.nat-hazards-earth-syst-sci-discuss.net
http://www.nat-hazards-earth-syst-sci-discuss.net/2/C8/2014/nhessd-2-C8-2014-print.pdf
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014-discussion.html
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014.pdf
http://creativecommons.org/licenses/by/3.0/

Fig. 12.

20
21

22
23
24
25

REFERENCES

Abderrezzak K., Paquir A. and Mignot E., 2008. Modelling Flash Flood Propagation in Urban
Areas using a Two-dimensional Numerical Model. Nat. Hazard, 50 : 433-460.

AghaKouchak A, Easterling D., Hsu K., Schubert S., Sorooshian S. (Editors), 2013. Extremes in
a Changing Climate. Water Science and Technology Library, Vol. 65, Springer, phi23.

Bellos V. and Tsakiris G., 2013. Flood Modelling in Complex Urban Environments.
Proceedings of the EWRA Conference in Porto, June 2013, 893-906,

Benedini M. and Tsakiris G., 2013. Water Quality Modelling for Rivers and Streams. Water
Science and Technology Library, Vol. 70, Springer, p.lzaa.

European Council, 2007. EU Directive of the European Parliament and the European Council
on the Assessment and Management of Flood Risks (2007/60/EU).

Hashimoto T., Loucks D., Stedinger J., 1982. Reliability, Resiliency, Robustness and
Vulnerability Criteria for Water Resource Systems, Water Resources Research, 18(1): 21-26.

FEMA, 1993. Flood insurance study guidelines and specifications for study contractors.
Report 37, Washington D. C.

FEMA, 2003. HAZUS: Multi-Hazard Loss Estimation Model Methodology - Flood Model,
Washington D. C.

McCormack RW., 1969. The Effect of Viscosity in Hypervelocity Impact Cratering. AIAA
Hypervelocity Impact Conference, Cincinnati.

Mignot E., Paquir A. and Haider S., 2006. Modelling Floods in a Dense Urban Area using 2D
Shallow Water Equations. J. Hydrology, 327: 186-199.

Nicolosi V., Cancelliere A. and Rossi G.,2007. Drought Risk Analysis in Water Supply Systems
using Genetic Algorithms and Monte Carlo Simulation. Proc. of EWRA Symposium “Water
Resources New and ies”, Chania, Cr , 14-16
June 2007.

Pistrika A., 2010. Estimation of Direct Flood Damage in Built-up Environments, Nat. Technical
Univ. of Athens, School of Rural and Surveying Eng., PhD Thesis.

Pistrika A. and Tsakiris G., 2007. Flood Risk A i Proc.
of EWRA Symposium «Water Resources New and i
Chania (Greece), June 2007, 13-22.

Ravagnani F., Pellegrinelli A. and Franchini M., 2009. Estimation of Urban Impervious
Fraction from Satellite Images and its Impact on Peak Discharge Entering a Storm Sewer
System. Water Resources Management, 231893-1915.

Szymkiewicz R., 2010. Numerical Modelling in Open Channel Hydraulics. Water Science and
Technology Library, Vol. 83, Springer, pfxs.

Cc22

NHESSD
2, C8-C25, 2014

Interactive
Comment

Full Screen / Esc
Printer-friendly Version
Interactive Discussion

Discussion Paper


http://www.nat-hazards-earth-syst-sci-discuss.net
http://www.nat-hazards-earth-syst-sci-discuss.net/2/C8/2014/nhessd-2-C8-2014-print.pdf
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014-discussion.html
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014.pdf
http://creativecommons.org/licenses/by/3.0/

Fig. 13.

Testa G., Zuccala D,rlcrudo F., Mulet J. and Soares-Frazao s.'zoo7. Flash Flood Flow

Experiment in a Simplified Urban District. 1. Hydraulic Research, 45: 37-44.

Tsakiris G., 2007a. A Paradigm for Applying Risk and Hazard Concepts in Proactive Planning:
Application to Rainfed Agriculture in Greece. In “Drought Management Guidelines-Technical
Annex”. Eds. A. Inglesias, M. Moneo and A .Lopez Franco (MEDROPLAN):’Z97-304.
Tsakiris G., 2007b. Practical Application of Risk and Hazard Concepts in Proactive Planning.
European Water, 19/20: 47-56.
Tsakiris G. and Bellos V., 2013. A Numerical Model for Two-dimensional Flood Routing in
Complex Terrains. Water Resources Management (under review).
Tsakiris G., Nalbantis |. and Pistrika A., 2009. Critical Technical Issues on EU Flood Directive.
European Water, 25/26‘*9-51.
Tsakiris G. and Spiliotis M., 2013. Dam-Breach Hydrograph Modelling: An Innovative Semi-
Analytical Approach. Water Resources Management, z7(6):|1751-17sz.
UNDRO, 1991. Mitigating Natural Disasters. Phenomena, Effects and Options. A Manual for
Policy Makers and Planners, UN , NY,

AR

C23

NHESSD
2, C8-C25, 2014

Interactive
Comment

Full Screen / Esc
Printer-friendly Version
Interactive Discussion

Discussion Paper


http://www.nat-hazards-earth-syst-sci-discuss.net
http://www.nat-hazards-earth-syst-sci-discuss.net/2/C8/2014/nhessd-2-C8-2014-print.pdf
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014-discussion.html
http://www.nat-hazards-earth-syst-sci-discuss.net/2/261/2014/nhessd-2-261-2014.pdf
http://creativecommons.org/licenses/by/3.0/

Fig. 14.

11
12

13
14

Figure captions

Figure 1. The vulnerability of a system (initial and improved) as a function of the magnitude

of the phenomenon.

Figure 2. The land use map of Rapentoza watershed.

Figure 3. The flood hazard map of Rapentoza watershed for the scenario of T=100 years.

Figure 4. The food risk map for the Rapentoza watershed for the scenario T=100 years.

Figure 5. The flowchart of the procedure followed for the derivation of flood hazard and flood

risk maps.

74
Figure 6. A snapshot from the application of FLOW-R2D in the estuary of Sperchios fiver.

Figure 7. A snapshot of the di
buildings as produced by FLOW-RD2.

Figure 8. A snapshot of the distribution of velocities in an experiment with aligned buildings

as produced by FLOW-RD2.
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