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Abstract Flooding is the most common natural hazard in Greece, and most of low-lying
urban centers are flood-prone areas. Assessment of flood hazard zones is a necessity for
rational management of watersheds. In this study, the coupling of the analytical hierarchy
process and geographical information systems were used, in order to assess flood hazard,
based either on natural or on anthropogenic factors. The proposed method was applied on
Kassandra Peninsula, in Northern Greece. The morphometric and hydrographic charac-
teristics of the watersheds were calculated. Moreover, the natural flood genesis factors
were examined, and subsequently, the anthropogenic interventions within stream beds
were recorded. On the basis of the above elements, two flood hazard indexes were defined,
separately for natural and anthropogenic factors. According to the results of these indexes,
the watersheds of the study area were grouped into hazard classes. At the majority of
watersheds, the derived hazard class was medium (according to the classification) due to
natural factors and very high due to anthropogenic. The results were found to converge to
historical data of flood events revealing the realistic representation of hazard on the relating
flood hazard maps.
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1 Introduction

Floods are considered to be the most common natural disaster worldwide during the last
decades. Their consequences are not only environmental but economic as well, since they
may cause damages to urban areas and agricultural lands and may even result in loss of
lives (Merz et al. 2010). The increase in floods and their destructive results worldwide
require an ongoing improvement on identification and mapping of flood hazard.
(Kundzewicz and Kaczmare 2000; Ebert et al. 2009).
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During the last years, prediction of flood hazard has been achieved by applying
hydrologic and hydraulic models (Smith 1994; Anselmo et al. 1996; Booij 2005;
Myronidis et al. 2009). However, these models require large-scale data, which are often
unavailable.

Alternatively, flood hazard can be assessed using multicriteria analysis methods.
Analytic hierarchy process is the most widely used multicriteria analysis method and has
been applied to a wide range of scientific fields (social science, economy, earth science).
The aforementioned method contributes to the understanding and deconvolution of com-
plex problems using a hierarchical framework (Saaty 1980; Malczewski 1999).

Many different approaches have been used for flood hazard based on multicriteria
analysis. Ologunorisa (2003), Mansor et al. (2004) and Sanyal and Lu (2006) used mul-
ticriteria analysis and combined the factors that determine flood hazard. However, these
researchers did not take into account the importance of each factor.

In order to calculate the relative weight of each factor, correlation among factors
influencing the flood hazard must be considered, due to the lack of relative experimental
results. The most popular techniques for the estimation of the relative weight of each factor
are the direct method of rating (Zangemeister 1971) and the pairwise comparison (Koelle
1975). The first one grades each factor separately and adds all grades into a constant sum
(e.g. 100), while the second one relies on the comparison of factors in pairs and the
expression of results into a range scale of a constant sum.

Gatzojannis et al. (2001) used the direct method of rating, in order to study the pro-
tective role of forests against torrential phenomena. Many researchers used pairwise
comparison, within analytic hierarchy process method (AHP) and geographical informa-
tion systems (GIS) to assess flood hazard (Emmanouloudis et al. 2008; Sinha et al. 2008;
Meyer et al. 2009; Chen et al. 2011).

Comparative studies regarding the aforementioned methods revealed that the pairwise
comparison leads to the most reliable results (Yalcin and Akyrek 2004; Grozavu et al.
2011). Furthermore, recent researchers (Scheuer et al. 2011; Wang et al. 2011) combined
the analytic hierarchy process with fuzzy logic and genetic algorithms in order to incor-
porate the possible changes (climate change, land use change) over years into the
assessment of flood hazard and management of water resources.

All the above researches took into account only the natural factors at the estimation of
flood hazard. However, several studies about the causes and the mechanism of flash flood
phenomena both in Greece (Stefanidis and Sapountzis 1998; Stathis and Stefanidis 2001;
Stathis et al. 2007) and worldwide (Wohl 2006; Gupta 2007; Ruin et al. 2008; Andriani and
Walsh 2009; Marchi et al. 2010) concluded that floods could have been avoided if no
anthropogenic interventions existed within stream beds.

The purpose of the current study is to define two flood hazard indexes, regarding natural
and anthropogenic factors of flooding. Subsequently, the watersheds of the Kassandra
Peninsula (Northern Greece) will be classified upon these indexes, in order to prioritize
management and protection actions.

2 Study area
The study area is located in Northern Greece (Fig. 1) and has an area of 365 km”. The
climate of the area belongs to the sub-humid Mediterranean zone according to the bio-

climatic diagram of Emberger (1959), which is also confirmed by the vegetation spectrum
of the area (Tsitsoni 1997). However, according to the climatic classification of Képpen
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Fig. 1 The study area

(1931), the climate belongs to the Csa type. This means temperate, warm and rainy climate
with mild winters and dry period during the summer. The mean annual precipitation is
595 mm and the mean annual temperature, 16.2 °C. Furthermore, the dry period is par-
ticularly extended from May until September.

The area is characterized as lowland with an average altitude of 146 m (maximum
340 m), an average mean slope of the watershed 30 % and an average main stream slope
5 %. As for the ground, the soils are loamy and clayey, with high contents of loam. The
dominant bedrocks are sedimentary rocks, especially marls.

The vegetation belongs to Quercetalia ilicis floristic zone. The dominant forest species
are Aleppo pine (Pinus halepensis) and shrubs (Quercus conferta, Quercus cerris, Pistacia
lentiscus) which dominate in the canopy within stands (Mallinis et al. 2004). The forest
cover is 38 % and the agricultural lands, 52 %. Moreover, it must be quoted that the area is
one of the most well-known tourism destinations in Northern Greece.

3 Methodology

3.1 Factors of flooding

The identification of the flood genesis factors is the most important step at the assessment
of flood hazard. The inclusion of the factors should be done within a framework ensuring

that the whole problem is encompassed. Moreover, the set of factors should be kept to a
minimum so as to reduce the complexity of the evaluation process.
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After extensive literature review, the natural factors that determine the flood hazard
were selected according to the conditions and the available data in Greece. The natural
factors that were used in the current research were as follows:

¢ land uses, because vegetation, where it exists, acts as a protective mantle and regulates
the runoff process

e geological subsoil and especially the torrential petrographic formations, both in terms
of erodibility and permeability

e mean slope of the watersheds (%) and the main stream bed slope (%) as the slopes can
aggravate or decrease the velocity of runoff water

e shape of the watersheds affects the concentration time of runoff and the form of the
hydrograph. Roundish watersheds concentrate water quicker and lead to higher water
discharges. On the contrary, elongated watersheds require a longer time of concen-
tration of runoff so smaller discharges appear (under similar conditions)

e density of the hydrographic network which also affects the concentration time of runoff

Each factor was divided to sub-factors according to their influence on flooding. The
sensitivity score of each sub-factor criterion to flooding took values from 1 to 3, where 1
means slight influence, 2 moderate influence and 3 high influence on flooding.

To define the influence of natural factors on flood hazard, the study first categorized the
various factors in relation to flood genesis based on the literature reviews (Stefanidis 1992;
Konstadinov and Mitrovic 1994; Mazzorana et al. 2009; Meyer et al. 2009; Mazzorana
et al. 2011; Kandilioti and Makropoulos 2012). The natural factors and their influences on
flooding are listed in the next Table 1.

The main anthropogenic interventions within stream beds that affect flooding are
encroachments (narrowing of beds in plain areas), especially when the streams pass
through urban areas. The narrowing is being caused by the banking up of the beds,
performed for the extension of the riverside land, covering of streams, construction of
buildings into the channel bed and inadequate technical works, such as bridges and ducts,
for maximum discharge channeling. The existence of a well-shaped trapezoidal cross-
section, with an adequate bottom width to reach maximum capacity often lacks due to
human activities that alter stream bed geometry. This can be handled with the appropriate
technical works for caisson of the beds. The anthropogenic factors (Table 2) were divided
into two classes and took values from 1 to 2 according to their existence or not of the
intervention.

3.2 Analytical hierarchy process

Analytical hierarchy process (AHP) is a multicriteria decision-making technique which
provides a systematic approach for assessing and integrating the impacts of various factors,
involving several levels of dependent or independent qualitative as well as quantitative
information (Saaty 1977, 1990). The former is applied on flood hazard assessment in
various climatic environments. AHP makes the assessment of the contribution of each
factor easier and overcomes problems such as overlapping and interrelation between
factors.

For the estimation of the weight of each factor, the software expert choice v. 11 was
used. The current software creates a hierarchy of the factors that are related to the problem.
Using techniques of analytical hierarchy process and pairwise comparisons, the relative
weight of each factor was estimated. The most common methodology for performing
comparisons is the Saaty’s (1980) comparative scale. According to this method, the
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Table 1 The influence of natural factors on flooding

ala Factor Class Values Influence
1 Land use Cultivated lands, burren land 3 High
Shrubs, pastures 2 Moderate
Forests 1 Slight
2 Rock erodibility Neogene, flysch, alluvial 3 High
Schists, limestones 2 Moderate
Crystalic igneous 1 Slight
3 Watersheds slope >35 % 3 High
15-35 % 2 Moderate
<15 % 1 Slight
4 Main stream slope >7 % 3 High
3-7 % 2 Moderate
<3 % 1 Slight
5 Rock permeability Neogene, crystalic igneous, alluvial 3 High
Schists, flysch 2 Moderate
Limestone 1 Slight
6 Watershed shape Roundish 3 High
Semi-roundish 2 Moderate
Elongated 1 Slight
7 Density of hydrographic >3 3 High
network (km/km’) 1,5-3 2 Moderate
<lL,5 1 Slight
Table 2 The influence of anthropogenic factors on flooding
a/a  Intervention Existence  Description Values  Influence
1 Encroachments Yes Plenty 2 High
No Almost non 1 Slight
2 Inadequate technical works Yes Designed for flood intervals 2 High
less than 1 in 100 years
No Designed for flood intervals 1 Slight
more than 1 in 100 years
3 Shaped cross-section at No Inappropriate 2 High
the plain area of the stream vy Well shaped 1 Slight

comparative scale consists of integer numbers from 1 to 9, where 1 means that the factors
are equally important and 9, that a factor is extremely more important than another. The
comparison process was done separately for natural and anthropogenic factors, and the
relative weight of each factor was assessed for both categories. Additionally, this software
computes the consistency ratio derived from the comparisons among factors.

In order to check the discordances between the pairwise comparisons and the reliability of
the obtained weights, the consistency ratio (CR) must be computed. In AHP, the consistency
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is used to build a matrix and is expressed by a consistency ratio, which must be <0.1 so as to be
accepted. Otherwise, it is necessary to review the subjective judgments (Saaty and Vargas
1984, 2001) and recalculate the weights. The current software (expert choice v. 11), in the
case that the consistency ratio is not accepted (>0.1), indentifies the most inconsistent
judgment derived from pairwise comparisons and propose changes, in order to achieve the
acceptable limits.

For computing the consistency ratio (CR), the following formula was applied:

Ke

CR =—
RI

where CI represents the consistency index computing according:

CI:/lmax_n
n—1

where An.. represents the sum of the products between the sum of each column of the
comparison matrix and the relative weights and n represents the size of the matrix.

RI is the random index representing the consistency of a randomly generated pairwise
comparison matrix. It is derived as average random consistency index, computed by Saaty
(1980) from a sample of 500 matrixes randomly generated (Table 3).

Taking into account the above mentioned, two flood hazard indexes were defined, one
based on natural factors (V) and one based on anthropogenic factors (A). The equation that
relates to these indexes had the following form:

N, A= (WixX)

where N, A is the value of flood hazard for each watershed, X is the weight of factors i and
W is the sensitivity score of each sub-factor criterion to flooding. Furthermore, the values
that were derived from N and A indexes were grouped into four hazard classes according to
the probability of flood occurrence. This classification was done by using the optimization
method of classes distribution natural breaks (Jenks 1967) with the help of the spatial
analyst tool of ArcGIS (ESRI 2004). The Jenks optimization method, also called the Jenks
natural breaks classification method, is a data classification method designed to determine
the best arrangement of values into different classes. This is done by seeking to minimize
each class’ average deviation from the class mean, while maximizing each class’ deviation
from the means of the other groups. In other words, the method seeks to reduce the
variance within classes and maximize the variance between classes.

Finally, the watersheds of the research area were grouped, and based on the flood
hazard, classes were derived from these indexes. The flowchart of the methodology can be
seen in Fig. 2.

3.3 Data source
In order to achieve the goals of the research, the necessary data were derived from different

sources. Therefore, in this study, a number of GIS layers were generated. These were land
use, geology, drainage network, digital elevation model and watersheds shape.

Table 3 RI values

n 1 2 3 4 5 6 7 8

RI 0,00 0,00 0,58 0,90 1,12 1,24 1,32 1,41
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Fig. 2 Framework of analytical hierarchy process to assess flood hazard

The land use map was produced from vegetation map of the forest service of Kassandra,
scale 1:200.000 and orthophoto maps scale 1:5.000. The geology map was produced from
the maps scale 1:50.000 of the Institute of Geology and subsurface research of Greece.
Moreover, the topographic maps scale 1:50.000 of the research area was digitized and the
digital elevation model (DEM) was developed from the contour lines (20 m interval).

The shape of the watershed was determined empirical, from the shape that was formed
after the delineation of the watersheds boundary on topographic maps. The watershed
mean slope, main stream slope and the density of hydrographic network were estimated
using the following formulas:

AH + X1
Ty =22 100
F

where J, is the mean watershed slope (%), AH, the intervals between the contour lines
(km), XI, the total length of all the contour lines in the watershed (km) and F, the
watershed area (kmz),

_ S(L+Js)

b >L

where J;, is the main stream slope (%), L, the horizontal length of the stream’s bed with a
constant slope (m) and J,, the slope of the above part of the stream’s bed (%),

_IL
T F

where D is the density of hydrographic network (km/km?), 2L, the total length of the
watershed streams (km) and F, the watershed area (km?).

The different types of interventions arising from anthropogenic activities within stream
bed were recorded after field observations. For this purpose, an appropriate sheet was used,
which had the following form (Fig. 3).

D
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4 Results
4.1 Evaluation of factors

The basic morphometric and hydrographic characteristics of the watersheds were calcu-
lated using GIS techniques (Table 4).

After the digitization of the appropriate layers, the land uses and geology maps were
conducted. Based on these maps, the necessary parameters to assess flood hazard were
estimated. The results from these procedures are shown in Figs. 4 and 5.

Also, the results from the records of the anthropogenic interventions for each watershed
after field observation are given in Table 5.

4.2 Assessment of flood hazard

In order to assess the flood hazard, the natural and anthropogenic factors were identified
and their influence on flooding was evaluated, by developing a pairwise comparison matrix
for natural factors (Table 6) and one for anthropogenic factors (Table 7) of flooding.

Additionally, the relative weight of each factor was calculated using the pairwise
comparison method. The derived weights of the factors and the consistency ratio can be
seen in Tables 8 and 9.

These comparisons indicated that the consistency ratio in both cases is rather smaller
than 0.1, which is the limit of this method, so the weights of the factors are considered
reliable.

Moreover, according to the research method, a value for flood hazard was calculated for
every watershed, based on the flood hazard indexes (N, A).

The results that came out from these two flood hazard indexes (N, A) were grouped into
four classes depending on the likelihood of flood hazard (low, medium, high and very
high). The division was achieved according to the Natural Breaks method. This method
compiles optimally similar values while maximizing the differences between classes.

Figures 6 and 7 present the flood hazard maps that resulted from the data of the flood
hazard indexes N and A proportionally.

Record sheet for anthropogenic factors of floodin:
Watershed id I:l Area |:| km? Watershed name

Anthropogenic intervention within streams beds Yes [ No

]

Encroachments

Inadequate technical works

ilili

Shaped cross-section at the plai n area of the stream

Fig. 3 Form of the appropriate sheet that was used for the record of anthropogenic interventions
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Table 5 Anthropogenic interventions within stream bed for each watershed

Watershed  Type of anthropogenic intervention Watershed  Type of anthropogenic intervention

ld Shaped Encroachments Inadequate ld Shaped Encroachments Inadequate
Cross- technical Cross- technical
section works section works

1 No Yes Yes 29 No Yes Yes

2 Yes No No 30 Yes Yes No

3 No Yes Yes 31 Yes No No

4 No No Yes 32 Yes No No

5 No Yes Yes 33 Yes No Yes

6 No Yes Yes 34 No Yes Yes

7 No No Yes 35 Yes Yes No

8 No Yes Yes 36 No Yes Yes

9 No Yes Yes 37 No Yes No

10 Yes Yes Yes 38 No No No

11 Yes Yes Yes 39 No Yes Yes

12 No Yes Yes 40 Yes Yes No

13 No Yes Yes 41 No Yes Yes

14 No Yes Yes 42 No No Yes

15 No Yes Yes 43 No Yes No

16 No Yes Yes 44 No Yes Yes

17 Yes Yes Yes 45 No No Yes

18 No Yes Yes 46 Yes Yes No

19 No Yes Yes 47 No No Yes

20 No Yes No 48 No Yes Yes

21 Yes No No 49 No Yes Yes

22 Yes No No 50 No No No

23 Yes No No 51 Yes Yes No

24 Yes No No 52 No Yes Yes

25 Yes No No 53 No Yes Yes

26 Yes No No 54 No Yes Yes

27 No Yes No 55 No No Yes

28 No No No 56 No No No

4.3 Watersheds classification

Based on the results of flood hazard indexes and the flood hazard classes that were
determined, the watersheds of the research area were classified into types. Characterization
type was defined on the basis of flood hazard index (N and A) and the hazard class derived
for each watershed (low, medium, high and very high). For example, N,A4 means that the
flood hazard is medium due to natural factors and very high due to the anthropogenic
factors. The results from the classification of each watershed are presented in the next
Table 10.
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Table 6 Pairwise comparison matrix: natural factors of flooding

Rock Watersheds | Main stream Rock Watershed Density Of,
Land use dibilit slope slope ermeabilit; shape hydrographic
ero Y siop siop P Y P network
Land use 3 3 5 5 5 5
Rock erodibility 2 4 4 5 5
Watersheds ) 3 4 4
slope
Main stream P ) 3
slope
Rock
permeability 1 2
Watershed
1
shape
Density of
hydrographic
network
Table 7 Pairwise comparison matrix: anthropogenic factors of flooding
Inadequate technical Shaped cross-section at the
Encroachments .
works plain area of the stream
Encroachments 2 3
Inadequate technical works 2
Shaped cross-section at the
plain area of the stream
Table 8 Relative weights of .
natural factors of flooding Natural factor Weight
Land use 0.375
Rock erodibility 0.235
Watersheds slope 0.153
Main stream slope 0.088
Rock permeability 0.058
Watershed shape 0.048
Density of hydrographic network 0.043
Consistency ratio (CR) = 0.03 < 0.1
Table 9 Relative weights of . .
anthropogenic factors of flooding Anthropogenic factor Weight
Encroachments 0.54
Inadequate technical works 0.297
Shaped cross-section at the plain area of the stream 0.163

Consistency ratio (CR) = 0.01 < 0.1
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Table 10 Classification of the watersheds into types

Watershed id Type Watershed id Type Watershed id Type Watershed id Type

1 NoA, 15 N:A, 29 N:A, 43 NuAs
2 NoA, 16 N:A, 30 NA, 44 N3A,
3 N3A, 17 N, 31 N:A, 45 N4A,
4 N3A, 18 N:A, 32 N:A, 46 NoAs
5 NJA, 19 NA, 33 NA, 47 N3A,
6 N3A, 20 NoA; 34 N,A, 48 NoA,
7 NoA, 21 NA, 35 N3A; 49 NoA,
8 NoA, 22 NA, 36 N,A, 50 NoA,
9 NoA, 23 NA, 37 NJA; 51 NiA,
10 N;A, 24 NA, 38 NoA, 52 NoA,
11 NoA, 25 NA, 39 N:A, 53 NiA,
12 NoA, 26 NA, 40 NoA; 54 NoA,
13 NoA, 27 NoA, 41 NJA, 55 N3A,
14 NoA, 28 N:A, 42 NJA, 56 N3A,

From the Table 10, it can be seen that 9 watersheds are characterized as a very high
natural hazard (id 5, 17, 34, 36, 37, 41, 42, 43 and 45). Five of these (id 5, 17, 34, 36 and
41) also belong to a very high hazard due to anthropogenic flood factors.

5 Conclusions

This study was an attempt to assess flood hazard using the analytic hierarchy process.
Additionally, a distinction of flood events according to their causes was implemented and
two indexes of flood hazard, one for natural (N) and one for anthropogenic factors (A),
were identified.

In order to assess flood hazard, the above factors were determined and their relative
weights in accordance with flood formation were estimated, using pairwise comparison. It
was found that there are some factors that may also affect floods (e.g. rainfall intensity),
although it is not possible to include them in the model, due to the lack of data.

Flood hazard maps at watershed scale in terms of natural and anthropogenic factors
were generated. The analysis of flood hazard indexes pointed out that the flood hazard from
anthropogenic factors was very high in the majority of the watersheds (48 %), whereas the
flood hazard from natural factors was medium (43 %). Also, the historical data of flood
events of the Laboratory of Mountainous Water Management and Control of Aristotle
University of Thessaloniki revealed that most frequent flood phenomena occurring at the
watersheds of Kassandra Peninsula belong to the category of very high flood hazard due to
the anthropogenic index. This outlines that most floods occur due to human intervention
into stream beds. Similar problems also appeared in other regions with intense tourism
development and extensive urbanization (Rhodes, Zakynthos, Athens, Thessaloniki etc.)
where the natural torrential environment is mild and the main cause of flash flood is
manmade.
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It is worth mention that flood hazard indexes defined in the current research are a useful
tool for flood hazard assessment. The decision-makers can apply the presented method-
ology for identification and mapping of flood hazard, in order to organize the imple-
mentation of the appropriate projects for flood protection. Moreover, using the same
indexes flood hazard maps can be recreated, taking under consideration the factors’ change
due to an extreme event (fires, urbanization, etc.). According to the conditions, available
data and particularities of the study areas, additional factors could be defined and the
relative weights for the totality of factors could be re-estimated. Finally, the formation of
software for the automatization of techniques and processes used in the assessment of flood
hazard can be the target of future research.

References

Andriani G, Walsh N (2009) An example of the effects of anthropogenic changes on natural environment in
the Apulian karst (southern Italy). Environ Geol 58:313-325

Anselmo V, Galeati G, Palmieri S, Rossi U, Todini E (1996) Flood risk assessment using an integrated
hydrological and hydraulic modeling approach: a case study. J Hydrol 175:533-554

Booij M (2005) Impact of climate change on river flooding assessed with different spatial model resolutions.
J Hydrol 303:176-198

Chen Y-R, Yeh C-H, Yu B (2011) Integrated application of the analytic hierarchy process and the geo-
graphic information system for flood risk assessment and flood plain management in Taiwan. Nat
Hazards 59:1261-1276

Ebert A, Kerle N, Stein A (2009) Urban social vulnerability assessment with physical proxies and spatial
metrics derived from air- and spaceborne imagery and GIS data. Nat Hazards 48:275-294

Emberger I (1959) Orientations actuelles au Service de la C.G.V. de la ceuntographie phytosociologique
appliquee. Bull Serv Carte Phytogeogr Ser B IV: fasc. 2

Emmanouloudis D, Myronidis D, Ioannou K (2008) Assessment of flood risk in Thasos Island with the
combined use of multicriteria analysis AHP and geographical information system. Innov Appl Info
Agric Environ 2:103-115

ESRI (2004) Using spatial analyst. Esri Press, Redlands

Gatzojannis S, Stefanidis P, Kalabokidis K (2001) An inventory and evaluation methodology for non-tiber
functions of forests. Mitteilungen der Abteilung fiir Forstliche Biometrie 1:3—49

Grozavu A, Plescan S, Margarint C (2011) Comperative methods for the evaluation of the natural risk
factors importance. Present Environ Sustain Dev 5:33-40

Gupta K (2007) Urban flood resilience planning and management and lessons for the future: a case study of
Mumbai, India. Urban Water J 4:183-194

Jenks G (1967) The Data Model Concept in Statistical Mapping. Int Year b Cartogr 7:186—-190

Kandilioti G, Makropoulos C (2012) Preliminary flood risk assessment: the case of Athens. Nat Hazards
61:441-468

Koelle H (1975) Zur Berucksichtingung von interdependenzen bei Entscheidung sprozessen. Analysen und
Prognosen uber die Welt von Morgen. H.7

Konstadinov S, Mitrovic S (1994) Effect of forest cover on the stream flow from small watersheds. J Soil
Water Conserv 49:382-386

Koppen W (1931) Grundriss der Klimakunde. Walter de Gruyter, Berlin

Kundzewicz W, Kaczmare Z (2000) Coping with hydrological extremes. Water Int 25:66—75

Malczewski J (1999) GIS and multicriteria decision analysis. John Wiley, New York

Mallinis G, Koutsias N, Makras A, Karteris M (2004) Forest parameters estimation in a European Medi-
terranean landscape using remotely sensed data. For Sci 50:443-453

Mansor S, Shariah M, Billa L, Setiawan I, Jabar F (2004) Spatial technology for natural risk management.
Disaster Prev Manag 13:364-373

Marchi L, Borga M, Preciso E, Gaume E (2010) Characterization of selected extreme flash floods in Europe
and implications for flood risk management. J Hydrol 394:118-133

Mazzorana B, Hiibl J, Fuchs S (2009) Improving risk assessment by defining consistent and reliable system
scenarios. Nat Hazards Earth Syst Sci 9:145-159

@ Springer



Nat Hazards (2013) 68:569-585 585

Mazzorana B, Comiti F, Fuchs S (2011) A structured approach to enhance flood hazard assessment in
mountain streams. Nat Hazards. doi: 10.1007/s11069-011-9811-y

Merz B, Kreibich H, Schwarze R, Thieken A (2010) Assessment of economic flood damage. Nat Hazards
Earth Syst Sci 10:1679-1724

Meyer V, Scheuer S, Haase D (2009) A multicriteria approach for flood risk mapping exemplified at the
Mulde river, Germany. Nat Hazards 48:17-39

Myronidis D, Emmanouloudis D, Stathis D, Stefanidis P (2009) Integrated flood hazard mapping in the
framework of E.U directive on the assessment and management of flood risks. Fresenius Environ Bull
18:102-111

Ologunorisa T (2003) An assessment of flood vulnerability zones in the Niger delta, Nigeria. Int J Environ
Stud 61:31-38

Ruin I, Creutin J-D, Anquetin S, Lutoff C (2008) Human exposure to flash floods—relation between flood
parameters and human vulnerability during a storm of September 2002 in Southern France. J Hydrol
361:199-213

Saaty T (1977) A scaling method for priorities in hierarchical structures. Math Psychol 15:234-281

Saaty T (1980) The analytic hierarchy process. McGraw-Hill, New-York

Saaty T (1990) How to make a decision: the analytic hierarchy process. Eur J Oper Res 48:9-26

Saaty T, Vargas G (1984) Inconsistency and rank preservation. J Math Psychol 28:205-214

Saaty T, Vargas G (2001) Models, methods, concepts, and applications of the analytic hierarchy process.
Kluwer Academic Publisher, Boston

Sanyal J, Lu X (2006) GIS-based flood hazard mapping at different administrative scales: a case study in
Gangetic West Bengal. Singap J Trop Geogr 27:207-220

Scheuer S, Haase D, Meyer V (2011) Exploring multicriteria flood vulnerability by integrating economic,
social and ecological dimensions of flood risk and coping capacity: from a starting point view towards
an end point view of vulnerability. Nat Hazards 58:731-751

Sinha R, Bapalu G, Singh L, Rath B (2008) Flood risk analysis in the Kosi river basin, north Bihar using
multi-parametric approach of analytical hierarchy process (AHP). J Indian Soc Remote Sens
36:335-349

Smith D (1994) Flood damage estimation-a review of urban stage-damage curves and loss information.
Water SA 20:335-349

Stathis D, Stefanidis P (2001) Analysis of the conditions of flood formation in torrents in area of North
Chalkidiki (Greece) in October 2000. Proceedings of 3rd Balkan scientific conference “study, con-
servation and utilization of forest resources”, 2-6 October, Sofia, Bulgaria, 3:213-222

Stathis D, Stefanidis P, Tziaftani F (2007) Analysis of the cause and the mechanism of the flood in the
Apollonia (North Greece) basin on October 2006. International Conference Erosion and Torrent
Control as a Factor in Sustainable River Basin Management, 25-28 September, Belgrade, Serbia

Stefanidis P (1992) Morphometrical and hydrographical composition of torrent types in northern Greece.
Wildbach- und Lawinenverbau 121:247-261

Stefanidis P, Sapountzis M (1998) Anthropogenic intervation at the stream bed of torrent Rachoniou
(Chalkidiki), as factor of flood genesis. Proceedings of 8th conference of the hellenic society of forest
science, 6-8 April 1998, Alexandroupoli, Greece, 746-757

Tsitsoni T (1997) Condition determining natural regeneration after wildfires in the Pinus halepensis forests
of Kassandra Peninssula (Northern Greece). For Ecol Manag 92:199-208

Wang Y, Li Z, Tang Z, Zeng G (2011) A GIS-Based Spatial Multi-Criteria Approach for Flood Risk
Assessment in the Dongting lake region, Hunan, central China. Water Res Manag 25:3465-3484

Wohl E (2006) Human impacts to mountain streams. Geomorphology 79:217-248

Yalcin G, Akyrek Z (2004) Multiple criteria analysis for flood vulnerable areas. XXth ISPRS congress
‘‘geo-imagery briding continents’’, 12—13 July, Instabul, Turkey

Zangemeister C (1971) Nutzwertanalyse in der Systemtechnik, 4th edn. Wittemannsche Buchhandlung,
Munchen, p 370

@ Springer


http://dx.doi.org/10.1007/s11069-011-9811-y

	Assessment of flood hazard based on natural and anthropogenic factors using analytic hierarchy process (AHP)
	Abstract
	Introduction
	Study area
	Methodology
	Factors of flooding
	Analytical hierarchy process
	Data source

	Results
	Evaluation of factors
	Assessment of flood hazard
	Watersheds classification

	Conclusions
	References


