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ABSTRACT:

Susceptibility mapping for disasters is very important and provides the necessary means for efficient urban planning, such as site
selection and the determination of the regulations, risk assessment and the planning of the post-disaster stage, such as emergency plans
and activities. The main purpose of the present study is to introduce the preliminary results of an expert based flood susceptibility
mapping approach applied in urban areas in case of Ankara, Turkey. The proposed approach is based on Modified Analytic Hierarchy
Process (M-AHP), which is an expert-based algorithm and provides data based modeling. The existing spatial datasets are evaluated
in the decision process and the specified number of decision points according to the degree desired can be formed. The parameter
priorities can be identified at the beginning of the modeling with this approach by the responsible expert. The spatial datasets used in
the modeling and mapping process have been provided by the General Directorate of Mapping (HGM). Additionally, the slope gradient
of topography, drainage density, and topographic wetness index of the site being one of the second derivatives of topography have
been evaluated to identify the main conditioning factors controlling water accumulation on ground. Considering the uncertainties in
flood hazard assessment and limitations in sophisticated analytic solutions, the proposed methodology could be evaluated to be an
efficient tool to detect the most influential parameters representing the flood vulnerability and assessing the mitigation applications in

urban environment.
1. INTRODUCTION
1.1  Problem Definition

The increasing number of disaster events has drawn the attention
of researchers and government agencies for better analysis of the
causes and implementation of new policies and strategies.
Improved disaster-risk management and resilience are important
at local and global levels and United Nations (UN) adopted 17
Goals to be achieved until the year 2030, on September 25th,
2015 at the Summit, to end poverty, protect the planet and ensure
prosperity for all. The effect of the disasters can be more severe
in urban areas due to economic losses, such as damages in
infrastructure and other constructions, and even loss of lives in
SOme cases.

Floods constitute one of the most destructive natural hazards
worldwide (Adhikari et al., 2010). According to the Centre for
Research on the Epidemiology of Disasters report (CRED, 2018)
the top disaster occurred between 2016-2017 is flood; the rank of
the disaster in 2017 is declared to be the second after storms in
the same report. Additionally, the number of deaths and affected
people due to the floods occurred in 2017 only are given as more
than 3000 and 50 million, respectively (CRED, 2018). Similar,
increasing trends are also observed in Turkey. According to the
statistics given by Gokge et al. (2008), floods become the third
important natural disaster in Turkey after landslides and
earthquakes. However, even in the capital city of Turkey,
Ankara, five flood events were encountered only in the first half
of 2018. It is obvious that depending on the climate change the
frequencies of flood events are expected to be increased in the
next decade in Turkey as well. It is crucial to perform necessary
preparatory mitigation works before the disaster happens. In
order to plan necessary mitigation applications, flood
susceptibility maps may constitute indispensable information
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which should have to be taken into account by decision makers
(Perucca and Angilieri, 2011; Scheuer et al., 2013; Cunha et al.,
2017). Thus, the aim of this study is to introduce the preliminary
results of the expert based flood susceptibility mapping approach
applied in urban areas of Ankara (Turkey).

1.2 Methodology & Related Literature

Flood evaluation techniques can be classified simply as follows:
(i) flood forecasting methods including hydrologic and hydraulic
models; (Kellens et al., 2013; Gallina et al., 2016; Teng et al.,
2017) and (ii) flood susceptibility assessments including
analytical evaluations of geomorphometric, geologic and
environmental factors (Morelli et al., 2014; Wang et al., 2015;
Khosravi et al., 2016; Chapi et al., 2017; Gonzalez-Arqueros et
al., 2018). The main limitation for hydrologic and hydraulic
models is the lack of appropriate data for the region to be
investigated in data sparse areas (Komi et al., 2017). On the other
hand, flood susceptibility assessments are promoted to be a low-
cost tool for evaluation of flood vulnerability (Cunha et al.,
2017). In this study, flood susceptibility assessments of the urban
area of Ankara were carried by implementing a decision support
system namely Modified Analytical Hierarchy Process (M-AHP)
which was introduced by Nefeslioglu et al. (2013).

1.3 Paper Outline

The investigations were carried out in five stages: (i) The first
stage is the data production; the data produced and gathered in
this stage includes vector and photogrammetric data sets. (ii) In
the second stage, the conditioning factors of flood event were
evaluated; subsequently. (iii) In the third stage the basics of the
decision support system, M-AHP implemented in this study was
given briefly. (iv) M-AHP application for flood susceptibility
assessment was carried out in the Geographic Information
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System (GIS) analyses section, and then at the last stage of the
study (v) a decision support was provided for the flood
susceptibility zonation in the urban area of Ankara.

2. MATERIALS AND METHODS
2.1 Photogrammetric Datasets

Aerial photogrammetric flight missions for mapping purposes are
being carried out regularly in Turkey since 1936 by General
Directorate of Mapping (HGM) and General Directorate of Land
Registry and Cadastre (GDLRC). Although analog large-format
cameras were in use for long time, they have been replaced with
digital large-format cameras in 2008. In this study, aerial
photogrammetric images acquired in 2008 by HGM using
Ultracam-X camera and in 2015 using Ultracam Eagle camera,
both from Vexcel Imaging (2018), have been used together with
exterior and interior orientation parameters for digital surface
model (DSM), digital terrain model (DTM) and orthoimage
mosaic generation purposes. Although other flight datasets of the
study area, including the ones from 1936, exist, only 2008 and
2015 images with 30 cm ground sampling distance (GSD) have
been used for preliminary investigations. These datasets have
later been used for visualization of the area. On the other hand,
they will be used for higher resolution susceptibility mapping of
smaller areas and detecting changes in land use and land cover
for further investigations.

The topography has been formed by surface reconstruction from
manually measured contour lines and interpolating into a grid
DTM. Derivatives of the topography, i.e. flow accumulation,
slope gradient, and topographic wetness index (TWI) have been
computed using this DTM.

2.2 Vector Data

The vector datasets used in this study have been taken from
Topographic Vector Database (TOPOVT), which contain 352
types of features covering seamlessly and homogeneously whole
Turkey and produced by HGM. The data have been produced
from the latest aerial images (i.e. from year 2015) by manual
interpretation of stereo images and complementary terrestrial
measurements. Semantic data are also stored implicitly in this
dataset. For the investigations presented here, only the vector
layers related to rivers, lakes, seasonal and dry drainage channels
have been employed.

2.3 Conditioning Parameters

The parameters governed the flood process were evaluated by
considering the conceptual infiltration, surface runoff, and
accumulation propositions. These propositions can be given
simply as follows:

R1: if “low infiltration” than “high surface runoff” or “high
accumulation”

Rz: if “high infiltration” than “low surface runoff” or “low
accumulation”

Rs: if “low surface runoff” than “high infiltration” or “high
accumulation”

Ra: if “high surface runoff” than “low infiltration” or “low
accumulation”

Rs: if “low accumulation” than “high infiltration” or “high
surface runoff”

Re: if “high accumulation” than “low infiltration” or “low surface
runoft”

As can be seen from the propositions given simply above, the
flood susceptibility evaluation is a multi-dimensional and multi-
criteria problem. The topographic, hydro-topographic, geologic,
and environmental parameters which are considered to be
indirectly govern the physical processes given above were
evaluated. The topographic altitude and slope gradient are the
first group of geomorphometric factors considered in this study.
Accordingly; the flood susceptibility is expected to be high at the
lower topographic altitudes while the susceptibility should be
high at the lower values of slope gradient. In order to evaluate the
hydrology, the hydro-topographic parameters flow accumulation,
distance to both permanent and dry river channels, and
topographic wetness index were considered. Flow accumulation
can be defined as the number in a given cell which indicates the
number of cells upstream from that cell (Kennedy, 2009); that
means depending on the increasing of flow accumulation value,
the flood susceptibility is expected to be increased. It is obvious
that both permanent and dry river channels constitute crucial
inputs of the flood susceptibility assessment; as expected
depending on the decreasing of the distance to river channel, the
flood susceptibility should be increased. The topographic
wetness index indicates depressions in general where the water
can accumulate, and the soil can be more saturated (Wilson and
Gallant, 2002). Hence, depending on the increasing of this index,
the flood susceptibility also increases. The lithology was
considered as the geologic factor in this study. The lithology data
was provided from the Earth Science Data Portal of the General
Directorate of Mineral Research and Exploration (Akbas et al.,
2002). The relative permeabilities of major rock types were
evaluated (Bell, 2007) during the assessment of the lithology
parameter in this study. Accordingly, depending on the
increasing of the permeability, the flood susceptibility is
expected to be decreased. The last parameter investigated in this
study is the land cover which was evaluated as the environmental
factor. In order to produce the land cover of the region
investigated, a supervised classification was performed by using
the Landsat 8 imagery acquired on August 24, 2018. As a result
of this classification procedure, six types of land cover were
differentiated. The settlement and industrial areas are assumed to
be practically impermeable that means the flood susceptibility
should be the maximum in these areas.

2.4 Modified Analytical Hierarchy Process (M-AHP)

The Modified Analytical Hierarchy Process (M-AHP) is a
modified version of the conventional AHP which was formerly
proposed by Saaty (1980). The modification actually
compensates the expert subjectivity particularly encountered in
the factor comparisons. The differences between the M-AHP and
the conventional AHP are given by Nefeslioglu et al. (2013) as
follows: (i) The preparation of the factor comparison matrix
performed in the second stage of the conventional AHP; and (ii)
the evaluation of the importance distributions of the conditioning
factors on the decision points.

In order to perform M-AHP analyses, to define the flood
susceptibility in Ankara urban area, the first stage is the
assignment of the parameters scores which are evaluated in
further matrix calculations. The scores of the conditioning factors
were assigned by the responsible expert by considering mainly
the discussions given in the previous section (Table 1). The
higher score in Table 1 represents the higher flood susceptibility.
M-AHP analyses were carried out by using the M-AHP software
running on a GIS environment developed by Netcad (Avdac et
al., 2014; Sezer et al., 2017).
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Table 1. The parameters, their classes, and the parameter scores
given by the expert for flood susceptibility.

Parameter

Flow Accumulation (# of grid cells)

Class Score
<5000 1
5000 - 15000 3
15000 - 25000 5
25000 - 35000 7
35000 - 45000 9
45000 - 55000 13
> 55000 17
Slope gradient (degree)

Class Score
<3 13
3-5 11
5-7 9
7-9 7
9-11 5
11-13 3
>13 1
Topographic altitude (m)

Class Score
<900 9
900 - 1000 7
1000 - 1100 5
1100 - 1200 3

> 1200 1
Distance to permanent river (m)

Class Score
<20 15
20-40 13
40 - 60 11
60 - 80 9
80 - 100 7
100 - 120 5
120 - 140 3

> 140 1
Distance to dry drainage (m)

Class Score
<20 11
20 - 40 9
40-60 7
60 - 80 5
80 - 100 3

> 100 1
Land Cover

Class Score
Wetland 13
Barren 7
Industry 11
Settlement 11
Green field 5
Road 11
Topographic Wetness Index

Class Score
<495 1
495 - 1650 5
1650 - 5000 9
5000 - 45000 11
45000 - 132000 13
> 132000 15
Geology; litology

Class Score
Water body 11
Basalt, split, andesite 5
Undifferentiated Quaternary 1
Continental clastics 3
Lacustrine limestone, marn, shale 9
Neritic limestone 5

Carbonates and clastics 5
Pelagic limestone 7
Metamorphic rocks; schist, phyllite, marble, 1
meta-basalt

Ophiolitic melange 9
Basalt 5
Pyroclastic rocks 7
Undifferentiated volcanic rocks 5

3. RESULTS & DISCUSSION

As a result of the analyses, the importance percentages on the
decision points; low, moderate, and high were obtained.
Considering the third decision point; high was selected to be
mapped. The percentage values of the decision high were
reclassified into five flood susceptibility classes by considering
equal intervals. As a consequence, the flood susceptibility map
of Ankara urban area was produced (Figure 1).

The most critical locations with respect to the flood susceptibility
are observed as mature width alluvial valley floors of the districts
Yenimahalle and Etimesgut and younger narrow alluvial valley
bottoms of the district Cankaya. The results of these locations are
also represented by overlaying on the DTM (Figure 2). Figure 3
depicts a zoomed view of the resulting image (given in Figure 2a)
and respective orthoimage, both overlaid on the DTM. According
to the visual inspections the results of the flood susceptibility
assessments, it is revealed that the high and very high flood
susceptibility classes logically match well with the DTM details.
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Figure 1. Flood susceptibility map of Ankara urban area.

32°400°E 32°45"

4. CONCLUSIONS & FUTURE WORK

The results represented in the present study were produced in
medium scale in particular. The preliminary findings are
appraised to be promising results for the future work. It is obvious
that depending on the increment in working scale as well as the
data resolution, more precise outputs can be acquired. Moreover,
the satellite optical and radar images particularly having frequent
revisit times e.g. Sentinel 1 & 2 can be implemented to improve
and validate the results of such expert models after intrinsic flood
events.
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Figure 2. The critical locations with respect to flood
susceptibility represented with the DTM; (a) mature width
alluvial valley floors of the districts Yenimahalle and Etimesgut;
(b) younger narrow alluvial valley bottoms of the district
Cankaya; (c) orthoimage of (b) overlayed on the DTM.

Figure 3. (@) A zoomed view from Figure 2a; and (b)
corresponding orthoimage.
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