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ABSTRACT:

According to statistical data, natural disasters as well as the number of people affected by them are occurring with increasing
frequency compared to the past. This situation is also seen in Europe Union; So, Strengthening the EU capacity to respond to
Disasters is very important. This paper represents the baseline results of the FP-7 founded DITAC project, which aims to develop a
holistic and highly structured curriculum for responders and strategic crisis managers. Up-to-date geospatial information is required
in order to create an effective disaster response plan. Common sources for geospatial information such as Google Earth, GIS
databases, and aerial surveys are frequently outdated, or insufficient. This limits the effectiveness of disaster planning. Disaster
Management has become an issue of growing importance. Planning for and managing large scale emergencies is complex. The
number of both victims and relief workers is large and the time pressure is extreme. Emergency response and triage systems with 2D
user interfaces are currently under development and evaluation. Disasters present a number of spatially related problems and an
overwhelming quantity of information. 3D user interfaces are well suited for intuitively solving basic emergency response tasks.
Such tasks include commanding rescue agents and prioritizing the disaster victims according to the severity of their medical
condition. Further, 3D Uls hold significant potential for improving the coordination of rescuers as well as their awareness of relief
workers from other organizations. This paper describes the outline of a module in a Disaster Management Course related to 3D
Applications in Disaster Mitigation and Management. By doing this, the paper describes the gaps in existing systems and solutions.
Satellite imageries and digital elevation data of Turkey are investigated for detecting sites prone to natural hazards. Digital image
processing methods used to enhance satellite data and to produce morphometric maps in order to contribute to the detection of causal
factors related to landslides, local site conditions influencing and/or experiencing earthquake damage intensity or those of tsunami
and storm surge hazard sites at the coasts.
1. INTRODUCTION temporal and spectral resolution allow a more efficient, reliable
and affordable monitoring over time. Thus, remote sensing
technology has become a fundamental input for Geo
Information Systems (GIS), especially Natural Hazard
Information Systems. The design of a common GIS database

Data from earth observing satellites have become a valuable
supporting tool for natural hazard damage detection especially

during the aftermath of the disaster. Satellite observations can
help considerably to identify vulnerable areas, to enhance
mapping, and to improve our understanding of hazards. For
future work the multidisciplinary integration of different
methods has the greatest potential for substantial progress in
natural hazards management.

Through the development of new information technologies and
the rapid spread of global communications, data has become
more readily accessible. Earth observation satellites as
LANDSAT, SPOT, IKONOS, QUICKBIRD, ERS, or
ENVISAT with increasing capabilities in terms of spatial,

structure - always open to new data - can greatly contribute to
the homogenisation of methodologies and procedures of natural
hazard risk management. Meanwhile

Geographic Information Systems (GIS) have been developed
and specialized for many kinds of natural hazards leading to a
multi hazard GIS approach by integrating remote sensing data,
geologic, earthquake, seismotectonic and topographic data and
catalogues of historical events. The evaluation of digital
topographic data is of great importance as it contributes to the
detection of the specific geomorphologic/ topographic settings
of hazard prone areas.
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2. METHODS

In order to establish a cost effective method for getting a quick
overview of determining factors influencing damage intensity in
hazard prone areas, it is recommended to analyses the causal
factors and their complex interactions based on remote sensing
and GIS methodologies. The goal is to develop a multi-sensor
approach combining analysis of optical (LANDSAT ETM) and
SAR (ERS-1/2) remote sensing data in a GIS environment to
assess the potential for natural hazard on a regional basis. The
various data sets as LANDSAT TM and satellite radar (ERS)
data, topographic, geological and geophysical data from the
investigation areas were integrated as layers into GIS using the
software ArcGIS 9.1 of ESRI. The GIS integrated evaluation of
the satellite imageries allows the storage of the results in a
standard form. The formats of the evaluation results are vector-
formats, as points, lines or polygon shapefiles. With digital
image processing techniques maps can be generated to meet
specific requirements considering risk site mapping. Various
tools delivered by ENVI Software/ CREASO were tested, as for
finding the best suited LANDSAT ETM Bands-RGB
combinations or contrast stretching parameters. The RGB
imageries were merged with the panchromatic band to get the
spatial resolution of 15 m. Standard approaches of digital image
processing with regard to the extraction of natural hazard
relevant information used for this study are methods like
classification for land use and vegetation information, and
processing of the thermal band 6 for deriving surface
temperature information. For the investigation of vegetation
anomalies that might be related to subsurface structures and
landslides the NDVI (Normalized Difference Vegetation Index)
was calculated based on the available LANDSAT ETM Bands 3
and 4.

Remote Sensing Data and DEM derived Maps as Layers in a GIS Data Base
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Figure 1. Remote sensing data as layers in a GIS data base

3. REMOTE SENSING AND GIS
TECHNOLOGIES FOR NATURAL HAZARD
SITE DETECTION
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3.1. Landslides

Usually the same factors and/ or similar factor combinations
can be stated in relation to of landslide phenomena, although
not only with the same weight, because each single case has its
own peculiarities. For example the favoured conditions for the
development of slope failure are an abundant water supply, the
presence of unconsolidated material, slopes steep enough to
induce flowage and insufficient protection ground by
vegetation. There is a close relationship between soil moisture
conditions and slope instability, too. Slope angle is deemed
another important causative factor to consider leading to the
occurrence of trigger zones of mass movements. For the
assessment of landslide susceptibility maps it is necessary to
identify and analyze the causal factors leading to landslides
such as high slope degree or curvature, critical lithologic units
and fault zones. A systematic GIS approach is recommended as
described in Fig.l a - b extracting the geomorphometric
parameters based on DEM data as part of a multi-hazard
information system. Fig.2 shows the Yalova area where the
causal factors for natural hazards are extracted based on SRTM
Digital Elevation Model (DEM) and LANDSAT ETM data.

3.2. Earthquakes

Estimating the likelihood of seismic hazard and the degree of
damage, including damages of secondary effects is essential for
damage mitigation planning. In order to obtain a better
understanding of processes influencing the damage intensity of
stronger earthquakes various data sets as satellite radar and
seismotectonic data from Turkey were intergrated into a GIS.
One important factor that must be accounted for in local hazard
studies is the site effect caused by the surface and subsurface
conditions. Earthquake damage may vary locally, being a
function of the type of structures in the subsurface and/ or soil
mechanical ground conditions, as for example of faults and
fractures, lithology or ground water table (Gupta, 2003).
Previous reported destructive earthquakes have indicated that
the damage and loss of life are mostly concentrated for example
in areas underlain by deposits of soft soil that amplify shear
waves and, thus, amplify ground shaking. It has been observed
by macroseismic studies of topographic effects, that in valleys
and depressions damage intensity was higher because of higher
carthquake vibration. Special attention was given to the
mapping of structural features visible on satellite radar
imageries such as from the Gerede area in order to investigate
the tectonic setting and to detect surface traces of fracture and
fault zones that might influence the contour and degree of
seismic shock and earthquake induced secondary effects as
landslides or soil liquefaction. Seismic waves travelling in the
subsurface might be refracted at sharply outlined discontinuities
as faults, and, thus, arrive at a summation effect that influences
the damage intensity. Fault zones could cause constructive
interference of multiple reflections of seismic waves at the
boundaries between fault zones and surrounding rocks. Precise
delineation of those faults can be a useful input in seismic risk
analysis in order to improve the understanding of the influence
of surface near tectonic structures on macroseismic intensity
and on earthquake related faulting processes. Fig 3 presents an
example from the area of Gerede situated directly on the North
Anatolian Fault Zone (NAF). It is widely known that the NAF
related faults are inherently complex, en echelon, and multi-
stranded on many scales. The NAF splays off into a number of
fault zones, sub fault zones, fault sets and isolated faults as
reported by Kocyigit (2002).
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Standard Approach for deriving Potential
Causal Factors influencing Slope Stability
based on Topographic Data = SRTM DEM

Figure 2 a. Morphometric maps based on SRTM data
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Figure 2 b. Proposed standard approach for the analysis causal
factors in a GIS

3.3. Storm Surge and Tsunami Hazard Sites

Around the Mediterranean Sea, Marmara and Black Seas there
is a high potential for generation of tsunamis, and in addition,
for the generation of tsunamis produced in the continental shelf
that could have catastrophic effects on a local scale (Yalciner et
al., 2001, 2004, Taymaz et al., 2005). Parts of the Turkish
coastline have suffered from disastrous sea -waves many times
in history. The tsunamis caused severe damage and flooded
low lands in many segments of the coasts. Most detailed maps
of those areas susceptible to tsunami flooding and to storm
surges are an important component of disaster preparedness,
mitigation and emergency planning. It can be assumed that
coastal areas that were hit in the past by catastrophic tsunamis
might be affected by similar events again. Detailed studies are
necessary to understand which factors might influence the
spatial variations in the distribution of the tsunami height, the
extent of the overland flow and the degree of consequent
damage along the affected coastlines in Turkey. Remote
Sensing and GIS methods have proven their utility for the
detection of potential traces of past tsunami flooding and
tsunami related secondary effects such as abrasion and

landslides (Theilen-Willige, 2006). LANDSAT ETM and
digital elevation data of the coastal areas of Turkey were
investigated in order to detect traces of past tsunami events.
These maps combined with seismotectonic and bathymetric
data in a GIS environment allow the delineation of areas with
potential tsunami risk. There is a strong correlation between
potential tsunami inundation and the topography and surface
roughness of coastal areas. River beds and smaller waterways
will help to carry tsunami waves over the land into the interior,
which would otherwise not receive tsunami flood. It must be
added that, storm surges, although not potentially as destructive
as a major tsunami, can be comparatively more frequent.
Therefore, inundation maps indicating the extent of the coastal
strip that could be affected by potential events of both tsunamis
and storm surges ought to be prepared (Wijetunge, 2006). An
example for such maps is presented in Fig.4 showing the area of
Antalya.

The horizontal inundation distance water can be partly derived
by the analysis of satellite data as LANDSAT ETM, radar or
digital elevation data because of the typical, geomorphologic
and lithologic properties of the land surfaces formed by tsunami
floods.

Figure 3. SRTM and ERS satellite radar data from the North
Anatolian Fault Zone (NAF)
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Figure 4. Flooding susceptibility of Antalya region

4. CONCLUSIONS
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We hereby conclude that remote sensing technology embedded
in a GIS database can be easily used as a complementary tool
for multi-hazard risk assessment. In the scope of this study
LANDSAT ETM and ERS imageries and SRTM data were
used to create maps within an "Multi- Hazard Information
System" as important layers in a GIS data base in order to
perform user-defined computations of hazard maps. Critical,
causal factors that might influence slope stabilities or lowlands
susceptible to

flooding can be easily visualized and presented. Lineament
analysis based on LANDSAT ETM and radar imageries can
further help to delineate fracture systems and faults that might
influence dynamics and shape of landslides or to detect active
faults. LANDSAT ETM and Shuttle Radar Topography
Mission (SRTM)-DEM data are provided free of charge for
scientific research purposes (see e.g. by the University of
Maryland/ USA.  The use of the remote sensing and GIS
technology for natural hazard site assessment and for the
elaboration of hazard maps according to the presented approach
can be recommended as low cost approach that could be
achieved even by local communities in affected areas as
contribution to a GIS data base. Local warning dissemination
and local system steps must be adapted to local needs. Training
disaster preparedness at local level can be easily obtained by
the use of remote sensing and GIS-methods well suited for
educational purposes.
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