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Abstract 

Geographic Information Systems (GIS) provide the appropriate platform for the registration 
and management of information on natural hazards and their impact on facilities. Satellite 
imageries, digital elevation data, different geo-data and thematic maps (such as geophysic 
data, landuse,  geologic and soil maps) can be used as  basic layers in a Natural Hazard 
GIS. Data can be digitized or converted into a GIS data format and then integrated into the 
GIS. Causal or critical environmental factors influencing the disposition of industrial and 
infrastructural facilities to be affected by natural hazards and the potential damage intensity 
can be analysed interactively in a GIS.  The interactions and dependencies between the 
different factors can be visualized and weighted step by step in the GIS environment. The 
detection of areas susceptible to natural hazards and, thus, as consequence,  the 
vulnerability  assessments for industrial facilities according to the proposed, standardized, 
systematic and clearly arranged approach can be used in any  area. As these methods can 
be achieved with relatively low costs (meanwhile many basic geo-data and remote sensing 
data are free of charge) there is a high potential of being widely-used adopted and accepted, 
especially by institutions with low budgets. 
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1 Introduction 

Over the past three decades, as GIS grew from a project based tool to an enterprise 
framework, the world has become more urbanized, technical, specialized, and connected. 
While the world has seemed to shrink, its population has grown in size and its problems 
have increased in complexity. Goals, such as risk monitoring or assessment of buildings are 
challenging not only because of the size of the problems they address but also the 
interrelated nature of those problems. 

GIS grew out of the need to combine data and analyze problems in a geographic context. 
However, GIS is much more than a digital way to make maps and manage databases. 
Through integrating complex data from many sources, new information can be created.  GIS 
is a framework uniquely suited for bringing information processes together. These processes 
range from measuring and analyzing to modelling, planning, decision making, and taking 
action. The knowledge produced by information processes can also be effectively 
disseminated using GIS. This results in better communication and allows for improved 
collaboration and coordination efforts.  

GIS has benefited from the same improvements in technology faster processing, increased 
bandwidth, greater storage capacity, mobile technologies, and real time networks – that 
have advanced mainstream IT. GIS is not limited to PCs and workstations, it has moved to 
minicomputers and now the Web.  

The Web itself has been evolving from a static, published media to a dynamic, database-
driven, collaborative environment that has been called Web 2.0. Applications for Web 2.0 
recognize that value is added by users. The Web functions powerfully because it is both 
decentralized and collaborative. As a whole, the Web is moving to a services environment.  

GIS is a vital part of the Web 2.0 evolution of information creation, access, and use that is 
transforming the world. The value of the GeoWeb, like other successful applications in the 
Web 2.0 age, is directly related to the data it handles. Historically, acquiring geospatial data 
has been the most expensive and difficult aspect of GIS implementation. Now, in an 
increasingly data-rich society, geospatial data is more plentiful and accessible.  

Within the last decade, the quantity and quality of commercially available satellite imagery 
has increased many fold. More easily and economically acquired location data through GPS 
use, spatially enabled demographic data, and the real-time monitoring of both natural 
processes and human activities are other sources of geospatial data. The adoption of 
standardized data models and collaboration agreements have improved the efficiency of 
data collection, and the establishment of GIS portals and networks of data providers is 
making geospatial data widely available. Not only is geospatial data more available but 
geospatial tools are also accessible to a wider group of users. GIS functionality has partly 
moved from the traditional desktop to mobile devices that take advantage of wireless 
technology and server side applications that let non-traditional GIS users benefit from GIS 
functionality.  Many GIS-programs use this new approach for deploying GIS. Data is stored 
and analysis takes place on the server. GIS servers support many kinds of clients: smart 
clients, Web clients and mobile clients.  

The GeoWeb is a vision that can be realized only through the participation of GIS 
professionals. The GIS community creates libraries of specialized content or specific 
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geographies that can be accessed through portals such as Geospatial One-Stop. Instead of 
providing wide access to a single source of data, the GeoWeb can bring together vast stores 
of transactionally maintained data of many types along with geospatial services that can 
interact and be used to create new information. Existing services can be combined to make 
new services. Geocommunities that are currently segmented will work together in this 
loosely coupled environment and create new synergies.  

The world needs better management based on an approach that is both rational and holistic, 
one that considers all factors and how they are related. GIS offers greatly enhanced 
information management through a geographic framework that promotes collaboration on 
scales that can address the challenges of a more complex world. GIS can help advance 
science, make communities more sustainable while supporting economic development, 
increase efficiency, and improve human health.  

2 Earthquake hazard mapping with GeoWeb 

Seismic hazard mapping is standardized in Europe with the implementation of the new 
EUROCODES system. 

The essential data and information needed to produce seismic hazard maps are: 

- Epicentral maps (inventory) 

- Seismotectonic maps 

- (Surface) geology maps 

- Active fault maps (inventory) 

- Earthquake catalogues – to establish the recurrence periods 

 

But we also have to take into account, that the effects of earthquakes highly depend on 
Vulnerability of the buildings in a considered area, social-economical data like  population 
density, age distribution, employment data etc. infrastructure e.g. hospitals, fire departments, 
military etc. 

None of the data we use for earthquake hazard mapping is unrestrained guilty forever. For 
example, socio-economical data or data about the infrastructure can change quickly within 
some years or sometimes even within a few days. During a longer period we will also be 
able to notice a change at the state of our buildings and facilities.  Even geological maps are 
nothing static. Of course, geological maps change mostly because of improvements of our 
knowledge and not because of changes in geology. But even this cannot be excluded and 
happens sometimes.  

GIS systems can map the spatial distribution of seismic risk and query earthquake-related 
information in spatial data layers. Seismic hazard mapping is a major focus of seismic 
research. It provides insight into possible causes of earthquakes, clusters of earthquakes 
across a geographic area. The main goal of seismic hazard mapping is identifying regions 
with unusually high risks.  

For various reasons, GeoWeb will be more and more indispensable in the field of seismic 
hazard mapping: 

Database systems enable data updates with any kind of data.  In terms of the ubiquity of 
GeoWeb solutions, database updates can be made at any time from any place.  Private and 
home users can contribute to seismic hazard mapping by uploading informations about 
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earthquakes that occurred. Of course, informations from private internet users need to be 
filtered by experts. 

Hazard maps can be published easily in the World Wide Web.  Also thinkable are web based 
simulations with user interaction in order to make the public aware of earthquake risks.   

 

3 WEB GIS PUBLISHING 

One of the most important powers of GIS is the capability to publish and share geo-spatial 
information on the Internet among large numbers of people. Sharing of geo-spatial 
information is an important and effective way of working in many kinds of applications. Geo-
spatial information includes not only maps or locations of landmarks/facilities, but multiple 
attribute data, socio-economic data, ground photos, aerial photographs, satellite images, 
etc., which may have static or dynamic characteristics. By sharing this information on the 
Internet, accessibility, time response, and understandability are drastically improved 
compared to conventional paper distribution of maps or character based Web systems. 
Users will have more freedom to choose information or layers to see and synthesize maps 
that will fit their own requirements. 

The possibility of user-interaction is essential due to the user’s motivation for using a certain 
Web Gis application. Even projects without any commercial background have to compete 
with others in the World Wide Web. The most successful Web Gis applications, such as 
Google Earth or Open Streetmap profit by contributions from (mostly private) users. 
Applications as Google Earth or Open Streetmap would be unthinkable without user 
interaction.  

Web technology has shown to be a very useful tool to provide public access to information 
and research data, which were so far available only for technicians. With the implementation 
of webbased GIS products, this capability of the web has been extended to geographical 
data and issues. Web-GIS based solutions provide a low-cost, efficient way to deliver maps 
to users. Webbased GIS technology offers an effective medium for public participation, since 
users can access GIS data and maps without having to own GIS software in their computer. 
In this way, citizens can have access to more profound informations.  

One way of profiting by user interaction is to encourage users to report about post 
earthquake damages or to upload photos from damaged buildings/facilities etc. Evaluation of 
data can only be done by GIS professionals. As a result, the users retrieve more profound 
informations, mostly as risk maps. To help users with the interpretation of seismic hazard 
maps, Web GIS systems support query capabilities. Users can select different data layers to 
query for hazard-related information by clicking on a geographic area of interest. Web GIS 
services can also improve the communication between scientists, decision makers, and the 
concerned population.  

Within WebGis applications, different types of users should be distinguished. These can be 
visitors and the technical team. Within the technical team there is a need to distinguish 
administrators (hard- and software engineers) and technical experts (eg. Seismologists, civil 
engineers). Administrators are responsible for managing the application.  Visitors comprise 
users who access the web. They can either just query geographic and alphanumeric 
information, but after registration they also have the possibility to upload informations like 
damage-reports or photos. Any visitor can register in the system by entering his or her 
personal data in order to be able to upload informations. All users are using the application 
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via a geographic viewer. Geographic viewers and web servers provide information in a more 
visual and interactive way, and enable the overlay of information layers selected by the user. 

Webgis applications belong to to the most effective ways to retrieve data from internet users 
worldwide. Many of these applications are based on the give and take principle. One of the 
best examples therefore is the Open Streetmap project. Open Streetmap managed to collect 
traffic route data from users all over the world. In comparison to commercial solutions there 
are many advantages: access to the Open Streetmap database is free, changes are done by 
users, who usually know the roads they are digitizing, changes in the traffic system are 
mostly captured immediately. This causes, that Open Street map data is mostly more up to 
date than the data from commercial providers.  

 

 
Fig. 3.1 OSM – screenshot: street data digitized by internet users 

 

Within Syner G data about buildings in Vienna has been collected in order to analyze the 
resistability of these structures in the case of earthquakes.  

Data available within SynerG can be made accessible via a Web viewer. For seismic fragility 
analysis, the following basic data should be assessed.  

 

- geographic position 

- year of construction 

- type of construction 

- number of residents 

- number of working places (e.g. office, shop) 

- relative position to neighbouring buildings and to the street 

- number of storeys 

- height 

- soft storeys 

- modifications of the construction 
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- number of doors and windows in the facade 

- width of facade 

- configuration of the facade 

- number of chimneys 

- sculptures, statues 

- fissures 

- moisture, wetted areas 

- defects in the roof 

 

The first assessment can be done with satellite images and maps, historical maps etc. But 
most of the informations mentioned above can usually not be achieved from maps. It also 
has to be considered, that maps are not necessarily updated immediately after a change of 
the situation. Modifications of buildings are usually not mentioned in documents, that are 
accessible by anyone. Hence a on site survey is not dispensable in most of the cases.  

 

 
Fig. 3.2: investigated area in the 20th district of Vienna 

 

Within Syner G an on site survey formular was developed in that way, that there are not 
necessarily experts required for field works, but can also be done by non-experts. The 
motivation to contribute to the project for web users are: having the possibility to take part in 
seismic system analyses, make other residents, house owners, politicians aware of the 
problems and to contribute to an improvement of the situation. On one side, single 
constructions are analyzed, but further it is also possible to analyze greater areas as districts 
or towns, because it is also of interest, if essential facilities like hospitals, schools etc. could 
be endangered in the case of an earthquake.  
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Fig. 3.3: Checklist for the assessment of buildings 

 

The fundamental element of the Web Gis application would be a viewer which enables to 
select different layers like maps, historical maps, but also vectorized contours of buildings. 
The single buildings can be selected and additional data about the buildings can be queried. 
These additional informations could be photos, construction plans, data from measurements 
etc. Any user will have the possibility to upgrade these informations. Users can upload 
photos, update informations about the building with the formular shown in (Fig. 3.1). 

There shall also be the possibility to allow different assessments from various users for one 
object. In this case, a statistical meta-assessment must be done.  

Any further elaboration is task of the Web Gis administrators. The Web Gis administrators 
have to check the plausibility, further assessment with assessment algorithms, publishing of 
results (eg fragility maps), that will be made accessible for internet users.   
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Fig. 3.4: fragility assessment in the 20th district of Vienna: results 

 

 

4 Implementation of monitoring systems using 
Web 2.0  

Over the last 10 years numerous permanent monitoring systems for important structures 
have been installed. In the beginning a site visit for picking up measurement data and 
carrying it to the office was necessary due to the lack of data transfer possibilities.There was 
even no possibility to remotely get informed if the system was running properly. Standards 
like ISDN would have offered an opportunity for remote monitoring but bridge owners or 
owners of structures mostly weren’t willing to install necessary cables. 

The rise of wireless standards like GPRS and UMTS paired with steadily decreasing costs 
for data transfer offered the opportunity to implement remote control as well as remote 
monitoring capabilities. Likewise internet access was simplified and got more and more 
widespread thus developing web based remote monitoring and assessment of bridges and 
structures was just a logical consequence of this development. 

Modern monitoring systems can be designed to constantly measure changes in parameters 
such as length, position, force, pressure, temperature or eigenfrequencies. This information 
is measured at desired time intervals and recorded for analysis. The potential applications of 
automated monitoring systems are almost unlimited, but would underlie the following general 
areas among others: 

 

− Safety concerns: ensuring immediate notification of the occurrence of a change in a 
structure’s condition that may indicate that the structure is becoming or has already become 
unsafe to use. Use of such a system can enable the owners or operators to increasingly trust 
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in the available information about the structure’s condition, potentially allowing costly and 
disruptive retrofitting to be postponed or even deemed unnecessary. 

− Engineering data: supplying records of the loading and movements to which a bridge is 
subjected, and the structure’s response to these conditions. 

− Usage data: providing records, such as weight and speed of traffic using a bridge. 
Cameras can be integrated to gather photographic proof of traffic events. 

 

Basically a modern monitoring system consists of a central processing node (industrial 
computer), at least one sensor (that measures some variable like length, position, force, 
pressure, temperature or vibration), and some kind of connection to the central processing 
node (cable or wireless). A power source connection to the local power supply system or 
some kind of independent power supply system – as well as enough memory to store data is 
required, too. 

More sophisticated systems can also offer additional features like dynamic weight 
registration, to enhance the capabilities of the system depending on local circumstances and 
client’s requirements. 

 

 

 

Fig. 4.1: Small autonomous monitoring system (left), larger more sophisticated system (right) 

 

Independent power supplies are particularly beneficial where structures to be monitored are 
not located close to an existing power supply network. That can be realized for instance by 
using solar energy panels in connection with battery packs. A solar panel paired with backup 
batteries is able to provide the monitoring system with sufficient power to operate 24 hours a 
day all over the year regardless of weather or season. Using such a solution facilitates 
provision of a monitoring system in even the most remote area. 
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4.1 ADDITIONAL FEATURES OF A WEB BASED MONITORING SYSTEM 

The basic monitoring system described before has enough capacity to store data. However 
this data must then be physically downloaded from the computer unit in order to be available 
for analysis which may be sufficient in many cases, but often it is desirable to have the data 
automatically transmitted to another computer, for instance a file server in an office. 
Automatic transmission offers two benefits: firstly, it saves the time and effort required for a 
trained operative to visit the structures site to download the data at regular intervals; and 
secondly, it results in real-time data being available to the bridge owner at all times. This 
immediate availability of data to the structure owner may be particularly useful, for example, 
where safety concerns exist, as the structure owner will have immediate access to data 
which may indicate a problem that requires attention (for example, unusually large 
movement of a bridge deck or excessive force on a bridge bearing). 

 

 

 
Fig. 4.2: Web-Interface: different ways of presentation 
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The data can be transmitted from the bridge via a fixed line telecommunications network, 
where such a network exists. Alternatively a mobile (cellular) telecommunications network 
can be used. Once the data has been transmitted from the site, it can be made available in 
different ways to the user. It may be e-mailed directly to a user in the form of basic numerical 
data, or it may be processed by a central server and made available in user-friendly format, 
using graphs and well-arranged diagram. See Fig. 4.2 for an example of such a presentation 
of data. Afterwards it is possible to export data in form of a spreadsheet as desired. To 
further enhance userfriendliness, the processed data can be made available via the internet 
– an authorized user can log on to a secure website and access the information at any time, 
from anywhere in the world. Of course the fact that information is available for downloading 
at all times does not mean that it will be downloaded when it is needed, or that the 
importance of the information will be recognized when it should be. Therefore modern 
monitoring systems offer automatic notification by SMS (text message) or e-mail to the 
bridge’s engineers should a pre-defined threshold be exceeded or pre-configured alarm 
scenarios arise. 

The potential uses and benefits of modern web-based remote monitoring systems to the 
development and maintenance of structures are almost unlimited. Engineering data can 
easily be recorded with minimal effort, and made available in any desired format. More 
advanced systems offer immediate transmission of information from the structure to be 
viewed online from anywhere in the world, at any time, automatic generated reports of 
assessment, and automatic notification by SMS or e-mail to the bridge owner of the 
occurrence of predefined critical events. These systems can be installed in even the most 
remote locations, with power supply by photovoltaic panels and battery packs, and 
transmission of data using mobile telecommunications networks. The more elaborate 
systems available, using latest sensor and measuring technologies and requiring computer 
analysis of data, offer the capability to collect enormous quantities of data. The authors 
believe that such systems have an exciting future in the area of research and development, 
and for special applications, for example those which require the measurement of vibrations 
(e.g. modal shape analysis). However the majority of structures would benefit from 
monitoring technology, such as in the assessment of the suitability of an old bridge to carry 
modern traffic loading. The key factor for the future success of structural health monitoring is 
to change the approach from scientific driven goals to the needs of the non-scientific end-
user. This includes a need for objective consultation with the client right from the start of a 
potential project, a clear and easy to understand presentation of the data, reliable services 
during the whole life-time of the health monitoring system and easy access to measurement 
data and analysis results anytime anywhere. 

5 The WebGis software solutions  

The primary goal of the WebGis package is to make geographical data available to specific 
end-users, and potentially to the public. The application allows the end-user to view 
geographical data using a web browser, and without GIS; it provides interactive query 
capabilities and integrates the GIS solutions with other technologies.  

Data-driven applications can be developed on the Internet according to server-side or client-
side applications. In general, server-side applications usually have a limited user interface 
and a low performance, while the client-side solutions are affected by software and data-
distribution limitations (mainly platform incompatibility and problems loading software). Fast 
performances and powerful user interfaces are necessary when GIS technology is 
implemented on the Internet. In this case, the drawbacks of both the client-side and server-
side solutions are amplified, and the appropriate solutions must be chosen carefully.  
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Over 30 different WebGis packages are available at present. Among these, the most popular 
and commercially successful are ESRI ArcIMS (http://www.esri.com/arcims), Intergraph 
GeoMedia WebMap (http://www.intergraph.com) and AutoDesk MapGuide 
(http://www.autodesk.com), while UNM MapServer (http://mapserver.gis.umn.edu/) is an 
open-source application that has been widely adopted. Brief descriptions of these are given 
in the following:  

 

• ESRI was the first vendor of GIS software solutions, over 30 years ago. Its WebGis 
package (ArcIMS) is an Internet product that works in the Java environment. It has an 
architecture consisting of presentation, business logic and data storage, which allows the 
user to interact with the database through the querying, analysing and editing of maps. The 
applications for management (ArcIMS Manage) allows the easy creation of websites by 
means of a wizard-driven application for authoring and publishing web maps without having 
programming skills. The main disadvantage of this software is its slow web delivery, due to 
the format of the ESRI Shapefile; the package also requires a powerful server to answer 
client requests with a reasonable delay time.  

 

• Intergraph GeoMedia WebMap also allows user-friendly creation of websites. Server-side 
operations deliver geographical information to the end-user, and the client-side components 
include querying, editing and manipulation functions of the database. The mapping of vector 
and raster data are the main advantages of this software, together with the capability of data 
rendering and manipulation inside the browser. Vector data can be delivered in two formats: 
as a Computer Graphics Metafile (CGM) and Scalable Vector Graphics (SVG), which is a 
good W3C recommendation for an open-source vector graphics format 
(http://www.opengeospatial.org). GeoMedia supports file formats directly (without any 
conversion) from Oracle, AutoDesk, FRAMME, Microsoft Access, SQL and ESRI. The lack 
of a native data type lets this software reduce the delay time for conversion. One of the main 
disadvantages is the relative low level of security of the website created and the underlying 
GIS structure.  

 

• Autodesk started making GIS packages in the 1990’s, incorporating CAD into GIS, after 
recognising that a huge number of digital maps had been created using its proprietary DWG 
format. The software MapGuide integrates GIS and CAD technologies, and it supports many 
formats without data conversion and shares spatial data using standards and specifications 
of the Open GIS Consortium (OGC). It makes use of the Special Data Format (SDF), which 
is much smaller than ESRI Shapefiles, and allows faster delivery. MapGuide recently 
released a free cross-platform viewer with limited functionality (MapGuide LiteView) that runs 
as a Java servlet and converts MapGuide output into PNG images. Developers must be 
familiar with HTML web design and will need a toolkit for data editing.  

 

• MapServer is open-source software developed by the University of Minnesota through a 
NASA sponsored project. The package is a free alternative to other commercial applications, 
and it is a good solution when highly customised applications are needed. MapServer is a 
Computer Graph Interface (CGI) programme that sits inactive on the web server. A request 
is sent in HTML format with the correct data metafile (Map File) and the server program 
creates and delivers an image of the requested data. MapServer provides a scripting 
interface for the construction of web and stand-alone applications, adding WebGis capability 
to popular scripting languages. MapServer needs a strong skilled programmer to develop the 
WebGis application.  
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6 Contribution of Remote Sensing and GIS 
Methods to the Detection of Local Site 
Conditions influencing Earthquake Ground 
Motion in Western Hungary as Part of 
Emergency Preparedness 

 

 

 

6.1 INTRODUCTION 

Despite Western Hungary - being characterized as a low-to-medium level seismicity region - 
, the risk of destructive earthquake is still a major concern. In Hungary earthquakes are 
relatively rare and the strength of them - according to experiences until now - has not exceed 
the IX. degree on the intensity scale. The present seismograph network records 100-150 
small size earthquakes annually. Among those, five-six events are large enough (magnitude 
2.5-3.0) that they can be felt around the epicenter area. The long term earthquake record 
shows 15-20 year return period for events with significant damage and 40-50 year return 
period for large earthquakes (M 5.5-6.0) having wide area damage (Toth et al.,2009). 
Earthquake hazards in Western and Central Hungary mainly occur 
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• due to ground shaking 

• due to soil amplification because of local site conditions 

• due to liquefaction and compaction 

• due to landslides 

• due to movements along active fault zones and aseismic movements in the 
subsurface (horizontal and vertical) 

6.1.1 Local site conditions 

Earthquake induced damage can occur due to liquefaction and or related phenomena, 
landslides, ground motion, tsunamis and seiches, ground rupture and tectonic subsidence or 
uplift. It has also been observed that at many sites surface motions are influenced primarily 
by top 20-30 m of soil, so sediment cover (subsurface geology) has a role to play in 
earthquake awareness. 

Seismic hazard research comprises the study of expected earthquake ground motions at 
any point on the earth. Seismic zoning can be defined as delineation of geographic areas 
with varied potentials for surface faulting, ground shaking, liquefaction and landsliding during 
future earthquakes of specific size and location (Berlin, 1980). While seismic zoning takes 
into account the distribution of seismic hazard over the entire country or region, seismic 
microzonation takes into account the effect of local site conditions i.e. the detailed 
distribution of earthquake risk within each seismic zone. Microzonation is the process of sub 
division of region in to number of zones based on the earthquake effects in the local scale, 
estimating response of soil layers under earthquake excitation and, thus, the variation of 
ground motion characteristic on the ground surface. For the seismic microzonation, 
geotechnical site characterization needs to be assessed at local scale (micro level) along 
with geology, seismological details, which are further used to assess of the site response 
and secondary effects (like liquefaction or landslides) susceptibility of the sites. For seismic 
micro-zoning all data related to geology, ground acceleration, historical earthquake and 
remote sensing derived parameters have to be incorporated into a common spatial database 
and then analyzed to get a hazard map 

Local site conditions play an important role when considering earthquake shaking and 
damage intensities and their local variations: The ground-shaking during an earthquake 
predominantly depends on several factors such as the magnitude, properties of fault plane 
solutions, the distance from the fault and local geologic conditions. The most intense shaking 
experienced during earthquakes generally occurs near the rupturing fault area, and 
decreases with distance away from the fault. Within a single earthquake event, however, the 
shaking at one site can easily be stronger than at another site, even when their distance 
from the ruptured fault is the same.  Local geologic conditions are the cause of difference in 
shaking intensity, but there is few certainty of the particular conditions in a specific area that 
are most responsible, and the degree to which they affect earthquake shaking.  The 
variability in earthquake-induced damage is mainly determined by the local lithological 
properties, thickness of the soil and lithologic unit layer, by hydrogeological and by 
geomorphological conditions. These conditions, intern influence the amplitude, the frequency 
and duration of ground motion at a site. Recently formed sediments will slow the velocity of 
the earthquake waves, trapping the energy and causing large amplitudes of shaking. Older 
compacted materials that over time have densified or transitioned from sand to sandstone 
and cemented together are less responsive to liquefaction. Ground made up of newer 
sediments near water will often contain water-filled pore spaces. As earthquake's energy 
cyclically compresses these sediments, the pore pressure in the pore spaces increases to a 
level greater than the confining pressure of the soils above them, causing small geyser-like 
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sand boils that spew water and sand and result in ground subsidence. If buildings and other 
structures sit atop these hazardous areas, they have a higher risk of damage or collapse.   

 

 
Fig. 6.1: Local site conditions influencing ground motion such as wetlands and 

unconsolidated, sedimentary covers 

 

Groundwater level variations and associated saturation changes in sand layers within near-
surface aquifers can influence local response spectra of the ground motion, through 
modification of shear-wave velocity. Changes of the groundwater level can also have a 
considerable influence upon the liquefaction potential of a region due to to in-situ pore-water 
pressure responses in aquifers during earthquakes triggering mechanism of liquefaction 
(Hannich et al.,2006). Liquefaction that affects the human-built environments is mostly 
limited to the upper 15 meters of soil. 

Liquefaction has occurred and has been documented during historical earthquakes.  In 
Hungary liquefaction events accompanied by sand boils and mud-volcano were documented 
after Komarom (1763, 1783), Mor (1910), Kecskemet (1911) and Dunaharaszti (1956) 
earthquakes. Liquefaction seems to be probable in areas containing soils of Holocene age, 
where the ground water level is less than 6 m deep (Györi, 2006). Swamps and marshes are 
extensive along the various streams although many have been drained in recent times. 
When dealing with soil amplification phenomenon it is important to map recent and former 
moors and swamp areas. 
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Earthquakes cause damage to buildings and other structures both in near and far fields. This 
phenomenon of far field damages to buildings has been reported, worldwide, notable being 
the 1985 Mexico earthquake, where the epicentre was 400 km offshore from the Mexico city, 
which suffered very heavy damage. This observation brings out the importance of local site 
conditions in either reducing or enhancing the earthquake hazard in a region (Chadha, 
2008).  In many areas maps and knowledge of local site conditions are insufficient. Detailed 
macroseismic maps that can help to detect the local site conditions are often covering only 
selected areas and based on different standards and scales as maps of seismic site 
conditions on regional scales require substantial investment in geological and geotechnical 
data acquisition and interpretation. In many seismically active regions of the world, 
information about surficial geology and shear-wave velocity (VS) either, does not exist, 
varies dramatically in quality, varies spatially, or is not easily accessible.  

6.1.2 Aim of this study 

There is a strong need to improve the systematic, standardized inventory of areas that are 
more susceptible to earthquake ground motions or to earthquake related secondary effects 
such as landslides, liquefaction, soil amplifications, or compaction.  

Therefore a uniform data base with a common set of strategies, standards and formats 
should be implemented.  The contribution of remote sensing data and Geographical 
Information System (GIS) to seismic hazard analysis and preparation of microzonation maps 
for Central-Hungary using is discussed. GIS is used as a tool to represent the   earthquake 
hazard parameters as far as possible - in the form of geographical maps, which is most 
useful for government agencies, non-governmental organizations, business communities 
and public for planning infrastructures developments, emergency preparedness and hazard 
management, landuse planning, and insurance purposes (Narendara Kumar et al, 2005). 

 

 
Fig. 6.2:  Macroseismic maps  indicating the influence of local site conditions 
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The strength of GIS lies in its ability to truly represent the real situations with layers of maps 
that can be combined in a predetermined manner to identify the impact of natural hazards 
(Siva Subramanian et al., 2005). The evaluation of satellite imageries and of digital 
topographic data is of great importance as it contributes to the acquisition of the specific 
geomorphologic/ topographic settings of earthquake hazard affected areas by extracting 
geomorphometric parameters based on Digital Elevation Model (DEM) data. As digital 
elevation data such as SRTM (Shuttle Radar Topography Mission, 90m spatial resolution) 
and ASTER-data (30 m resolution, interpolated up to 10 m) are free available this approach 
can be used worldwide. Topographic variations should be an indicator of near-surface 
geomorphology and lithology to the first order; with steep mountains indicating rock, nearly-
flat basins indicating soil, and a transition between the end members on intermediate slopes. 
Indeed, the similarity between the topography and the surficial site condition map, derived 
from geology is striking (Wald & Trevor, 2007, USGS Seismic Hazard Program, Global Vs30 
Map Server).  

The aim of this study is to investigate the potential contribution of remote sensing and GIS 
techniques for the detection of areas more susceptible to earthquake shock than the 
environment due to local site conditions and to earthquake related secondary effects in 
Central-Hungary.  

The main objectives are:  
- to develop an integrated remote sensing and GIS technique to evaluate the   
   susceptibility, to earthquake ground motion, identifying and developing products,  
   methodologies and pilot services for the provision of geo-spatial information,   
- to identify factors, their relationship and their role in controlling the earthquake  
   scenario of the study area,  
- to evaluate the nature of changes in selected categories (seasonal effects such as  
   variations of groundwater tables)  
- to contribute to disaster preparedness by creating a data base. 

 

6.1.3 Disaster Preparedness 

Disaster management consists of two main phases: disaster prevention and disaster 
preparedness (disaster relief, rehabilitation and reconstruction). In disaster prevention 
phase, GIS is used to manage the large volume of data needed for the hazard and risk 
assessment. In disaster preparedness phase, it is a tool for the planning of evacuation 
routes, for the design of centers for emergency operations, and for merging of satellite data 
with other relevant data in the design of disaster warning systems. GIS can be an effective 
tool in devising disaster management strategies by planning evacuation routes, design 
centers for emergency operations, and by integrating satellite data with other relevant 
available information. High-resolution satellite imagery offers new possibilities for the 
earthquake damage assessment and, thus, multidisciplinary approach combining remote 
sensing techniques, spatial analysis and earthquake engineering knowledge. The high 
resolution satellite data serve to show potential changes that might occur between the 
acquisition dates before and after disasters. Such potential changes can be faced with 
optical pre-post earthquake images. One goal of using pre-event imageries is estimating the 
most likely damages in case of an earthquake, and selecting the locations less likely to 
suffer damages, or close to structures or other potentially hazardous locations. This layer of 
information can be contrasted against post event imageries in case of disasters. These 
information can be integrated into a GIS database and transferred via satellite networks or 
Internet to the rescue teams deployed on the affected zone. The results of a fast damage 
assessment received by the field operators could help the civil protection in order to co-
ordinate the emergency operations (Chiroiu et al., 2001).  
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Fur the support of the remote sensing and GIS integration a proposal has been accepted by 
the German Aerospace Center titled “Earthquake Emergency Preparedness in Central-
Hungary- Preparing Rapid Response Measurements”. RapidEye satellite data are available 
for the scientific research free of charge. The following developments in the project shall be 
tested at this occasion:   The fast online risk estimation based on the received data will be 
investigated. This comprises priority of civil defence and emergency action on regional scale, 
identification and assessment on the magnitude of the hazard, fast track observation on the 
scenario development, rapid assessment of the infrastructure. 

 

 

 
Fig. 6.3:  Satellite data as part of a planning base 
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Fig. 6.4: Areas assumed to be more affected by earthquake damage (- for example areas within 
the blue line corresponding to estimated, lowest shear velocities (VS30 values) 

 

6.2 GEOMORPHOLOGIC, GEOLOGIC AND SEISMOTECTONIC SETTING OF 
WESTERN AND CENTRAL HUNGARY 

6.2.1 Geomorphologic Overview 

Most of Hungary’s surface is lowland, one third is covered by hills between 200 and 400 m 
height and only a very little part of the country rises above 400 metres. The River Danube 
divides it into two general regions. One of them is a low plain known as the Great Hungarian 
Plain. The area west of the Danube is known as Transdanubia. In the south rise the isolated 
Mecsek Mountains and in the north the Bakony Mountains, which overlook Lake Balaton. 
Fig. 6.5 presents a colour coded SRTM height map showing the main geomorphologic units, 
Fig. 6.6 LANDSAT MSS satellite scene of western Hungary. The height map enhances 
distinct expressed NW-SE oriented, linear and parallel arranged southeast draining valleys 
and ridges, and intervening flat-toped plateaus. These linear geomorphologic structures 
occur in solid rocks as well as in unconsolidated sedimentary covers, even in those of the 
Danube river.  It can be assumed that the orientation of the valleys and ridges in Central-
Hungary is influenced by the Alpine compression in the subsurface as their orientation is 
perpendicular to the main compression direction.  

Wind and water erosion have been modelling the surface. Wind erosion has played an 
important role in the landscape development. Its influence is demonstrated by the 
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occurrence of ventifacts and distribution of wind-blown sands and loess deposits (Timar & 
Gabris,2005). Pleistocene loess accumulated in the Pannonian Basin from about 0.9 Ma 
during many cycles, when loess highlands developed, built of loess and loess-like deposits 
with thickness of 40-80 m. Extensive Pannonian formations, fluvial and alluvial fans of 
different Pleistocene rivers, eolian sands and loesses were deposited on the surface of 
Transdanubia and in its surroundings. The youngest and deepest basins of these regions 
filled with fluvial sediments are the Little Hungarian Plain (LHP) – Csallokoz (CSK) – 
Northern Danube basin (NDB) in the north, and the Drava- (DV) and Mura (MV) valleys 
encircling Papuk Hill (PPH) in the south. The region in between is a lower hilly area with pre-
Pannonian formations exposed on the surface of the eastern ranges of the Alps, the 
Hungarian Central Range (HCR) and the Mecsek – Villany Ranges (MR and VR, Sıkhegyi, 
2002).  

 

  

 

Fig. 6.5: Height level map of Western Hungary based on ASTER GDEM-data 

 

6.2.2 Geotectonic Setting  

Structurally the Pannonian basin is surrounded by the Western Carpathians, the eastern 
termination of the Alps and the Neogene and older formations of the Dinarides. Crustal 
convergence within the Alpine collision zone has been and still is the driving force for the 
tectonic structures causing compression and a block-wise tectonic structure. The recent, 
strike-slip to compressive stress regime in the Pannonian domain is primarily governed by 
the northward drift and counterclockwise rotation of the Adriatic microplate.  The tectonic 
units are displaced along major transform faults that are mainly reactivated structures of 
Miocene origin. The temporal and spatial evolution of fault kinematics indicate a relatively 
early (latest Miocene) onset of basin inversion closest to the front of “Adria-push. A strong 
spatial as well as temporal variation of horizontal and vertical motions during the latest 
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stages of basin evolution has been documented. As a result of the “Adria-push significant 
compressional stresses are concentrated in the underlying litho-sphere. Since the Late 
Oligocene and Early Miocene, the ongoing north-south oriented compression of the Eastern 
Alps has been accompanied by vertical and lateral extrusion and tectonic escape of large 
crustal wedges to the unconstrained margin represented by the Pannonian Domain in the 
east.  The very heterogeneously distributed extension is accommodated by transfer faults, 
bounding regions of different polarity, direction or amount of extension as for example the 
Mid Hungarian Line (MHL), an important SW-NE trending fault zone. The internal 
deformation is manifested in the presence of a set of seismo-active shear zones imaged by 
a combined analysis of high-resolution seismic profiling and earthquake epicentre 
distribution. 

 

 

 

Fig. 6.6: Perspective 3D view of a LANDSAT scene of Central Hungary looking to west 



 

 35 

 

 

 

 

1: Recent flood plain deposits, 2: Holocene to Middle Pleistocene river terrace sediments, 3: 
Middle and Early Pleistocene deposits of rivers and alluvial fans, 4: Holocene lacustrine and 
paludal deposits (Sıkhegyi, 2002). 

Fig. 6.7:  Quaternary sediments -  Main depositional types in southern Transdanubia during the 
Pleistocene and Holocene times (Sıkhegyi et al., 1992). 

 

The spatial distribution of subsiding and uplifting areas inside the Pannonian basin shows a 
very characteristic pattern. Several flat-lying, low-altitude areas (e.g., Great Hungarian Plain, 
Danube basin, Sava and Drava troughs) have been continuously subsiding since the onset 
of basin formation in the early Miocene and were completely filled with a 500-2500 m thick 
Pliocene-Quaternary alluvial-lacustrine sequences. The Little Hungarian-Plain is sinking up 
to -2,2 mm/a (Trunko,1996). Uplift and fault reactivation has gradually become more and 
more delayed (Pliocene through Quaternary) towards the east-northeast, i.e. at greater 
distance from the collision zone between Adria and the Dinarides (Bada et al.,2005).  

Inter-plate collision and tectonic extrusion and escape processes since the Tertiary are  still 
active as derived by seismicity and geodetically  observations. GPS data suggest that, in 
good accordance with independent kinematic data, crustal blocks in the Alpine-Carpathian 
orogenic belt move NW to NE with velocities of cc. 1-2 mm/a with respect to stable Europe 
(Behm, Brückl & Mitterbauer, 2007, Milev et al.2007).  

Basin inversion is related to changes in the stress field from a state of tension during basin 
formation in the Miocene to a state of compression resulting from the convergence between 
the Adria microplate and the European plate. Tectonic stresses and deformation are 
transferred into the Pannonian Basin, resulting in a complex pattern of ongoing tectonic 
activity. From the margin of Adria toward the interior of the Pannonian Basin, the dominant 
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style of deformation gradually changes from pure contraction, through transpression, to 
strike-slip faulting. Shortening in the basin system, documented by earthquake focal 
mechanisms, global positioning system (GPS) data , and the neotectonic habitat, has led to 
considerable seismotectonic activity and folding of the lithosphere (Bada et al.,2007).  

 

 

 

Neotectonic structural elements interpreted from morphological features of western and 
central parts of the Pannonian basin: 1: Normal and listric faults, 2: strike-slip faults, 3: reverse 
faults, 4: Combs of arched ridges, 5: Direction of recent extension, 6: Generalized direction of 

compression, 7: Generalized direction of motion of the different segments of the extruding 
block, 8: Main structural lines, 9: Abbreviation of geographical units: LHP=Little Hungarian 

Plain, GHP= Great Hungarian Plain,TRD= Transdanubian Range, 10: Abbreviation of 
settlements ( Sıkhegyi, 2002) 
Fig. 6.8: Geotectonic Setting 



 

 37 

 

 

 

Fig. 6.9: Horizontal movements (Milev etal.,2007) 
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Fig. 6.10:  Horizontal movements in the Balkan Peninsula 

 

6.2.3 Seismicity 

Seismicity in the Pannonian basin is relatively low comparing to the peripherals. The 
distribution of earthquake epicenters shows at a first glance a rather scattered pattern, 
however, some clustering occurs in the west of Budapest. Magnitude 6.0-6.5 earthquakes 
are possible in the Pannonian basin. Fig. 6.11 shows earthquake epicentres in Hungary. The 
data were gained from different sources such as ISC, GFU, BGR, NASA, USGS, ZAMG and 
GeoRisk, see earthquake data references. As the older data from the different source were 
not measured, generated and defined according to a same standard, the earthquake data 
were analyzed separately related to their sources.) Most of the earthquakes are related to 
the upper 10-15 km of the earth’s surface. In the Pannonian basin these relatively shallow 
earthquakes are prevailing, while in the surrounding areas the focal depth increases. This 
observation is in agreement with the predicted strength variation of the lithosphere, which 
show that the thickness of the brittle layer increases from 10–14 km in the Pannonian basin, 
to 20–25 km in the surrounding areas (Lenkey et al.,2002). 

Magnitudes  > 5 up to 6 have been documented, the majority of earthquake magnitudes, 
however,  ranges between Ml 2 and 3 (Toth et al., GeoRisk Earthquake Research Institute, 
http://www.georisk.hu/,2010).  
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Fig. 6.11:  Seismicity in Hungary and adjacent areas 
Earthquake data:  ISC, World Stress Data, BGR, GeoRisk, ZAMG, GFU, USGS 
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Fig. 6.12: Magnitude-depth-distribution of earthquakes according to Georisk (Data:1995-2009, 

colours correspond to magnitude colours in the legend above) 
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Fig. 6.13: Earthquakes > Ml 4 

 

When calculating the earthquake density per square unit based on the data of the Georisk 
Earthquake Research Institute from 1995-2009 a concentration of earthquakes in the 
northeast of the Lake Balaton seems to be obvious.   Evaluating the available data from ISC 
the earthquake density pattern becomes more scattered. The ISC data cover a longer time 
period. As the earthquake data availability varies from source to source the evaluations of 
the earthquake data was carried out separately for every source. 
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Fig. 6.14: Earthquake density calculated based on GeoRisk data (1995-2009) and lineaments 

 

 

Fig. 6.15:  Earthquake density calculated based on ISC data (request: 1904-2010) 
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6.3 METHODS 

GIS integrated geodata analysis can be used to visualize factors that are related to the 
occurrence of higher earthquake shock and / or earthquake induced secondary effects: 
factors such as lithology (loose sedimentary covers), faults, or steeper slopes.  

6.3.1 Evaluations of Digital Elevation Model Data (DEM) 

Factors such as height levels, slope gradients, terrain curvature and traces of faults are 
combined with lithologic and seisomotectonic information in a GIS data base. Causal factors 
that can be derived and visualized by GIS tools are presented. Of course, many further 
factors and data play an important role, that -  if available - , should be included into the data 
base. The hereby presented approach could serve as a first basic data stock for getting a 
perception of potential sites susceptible to higher earthquake ground motion and for the 
planning of additional geotechnical investigations.  

Using remote sensing data, some of those causal factors can be determined systemati-cally: 
From slope gradient maps are extracted those areas with the steepest slopes, and from 
curvature maps the areas with the highest curvature as these are susceptible to landslides. 
Height level maps help to search for topographic depressions covered of almost recently 
formed sediments, which are usually linked with higher groundwater tables. In case of 
earthquakes those areas often show the highest earthquake damage intensities.  

 

 

Fig. 6.16: Some of the causal or preparatory factors influencing earthquake ground motion  
           and earthquake related secondary effects that can be visualized in a GIS 
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Morphometric maps (slope, hillshade, height level, curvature) are generated based on SRTM 
and ASTER Digital Elevation Model (DEM) data using ArcGIS from ESRI and ENVI digital 
image processing software. Digital elevation data were available at different resolution and 
quality:  SRTM data provided by the Shuttle Radar Topography Mission (90 m resolution) 
and ASTER DEM data (30 m resolution. The ASTER satellite system provides high-
resolution images of the Earth in 15 different bands of the electromagnetic spectrum, ranging 
from visible to thermal infrared light (free of charge). The resolution of images ranges 
between 15 to 90 meters. ASTER data are used to create detailed maps of surface 
temperature of land, emissivity, reflectance, and elevation. Merging  LANDSAT ETM data  
with available Digital Terrain Data generally  contributes to a better delineation of tectonic 
and structural-geologic, surface-near features on satellite data as this approach has the 
advantage of combining the representation of the vertical extension of the earth's surface (by 
giving height values for every pixel) with the tonal and textural  

information of the LANDSAT data. Especially an exaggeration of the topography helps to  

distinguish and identify areas that could be related to structural features such as fracture 
zones and fault segments in the subsurface.   

6.3.2 Weighted Overlay 

Step by step factors are extracted from the available data that might be of importance for the 
detection of local site conditions. By combining some of the causal or preparatory factors 
influencing earthquake shock intensity in a georeferenced GIS environment those areas can 
be detected where causal factors occur aggregated /summarized on each other:  

From SRTM and ASTER DEM data derived causal factors such as  

• lowest height levels (case study: < 80- 110 m ), providing information of areas with 
relatively higher groundwater tables, 

• lowest slope gradients (< 10°),  

• lowest minimum curvatures, providing information of broader valleys, basins and 
depressions with younger sedimentary covers and higher groundwater tables. The 
curvature of the terrain is a key factor in the flow of surface and sub-surface water 
reflecting  different roles in controlling water flow. In general, positive curvatures 
indicate areas of flow dispersal, and negative values show areas of flow 
concentration.  

• highest flow-accumulations providing information of areas with more surface-water 
flow input and, thus,  higher groundwater tables, 

• from geologic maps derived Quaternary sediment distributions and faults,  

• from LANDSAT ETM- and RapidEye- satellite imageries and morphometric maps 
(hillshade, slope) derived lineaments, 

 

• from international earthquake centres downloaded earthquake data (Federal Institute 
for Geosciences and Natural Resources,BGR, Hannover, International Seismological 
Centre,ISC, etc.) are converted into ESRI-GRID-format and aggregated in the 
Weighted Overlay-tool of ArcGIS.  
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The integration of different factors in GIS environment using weighting procedures may 
serve as one of the key objectives in the GIS application for these studies. The weighted 
overlay analysis is a simple and straightforward method for a combined analysis of different 
data. The efficacy of this method lies in that human judgement can be incorporated in the 
analysis. A weight represents the relative importance of a parameter vis-a-vis the objective. 
The weighted  overlay method takes into consideration the relative importance of the 
parameters and the classes belonging to each parameter. There is no standard scale for a 
simple weighted overlay method.  

The basic pre-requisite for use of weightening tools of GIS is the determination of weights 
and rating values representing the relative importance of factors and their categories.  
Determining the relative importance of information is called map layer weighting. In general, 
each layer of information includes some sub-classes. The importance of sub-classes has to 
be determined before assigning weights to the layers. The weights and ratings are 
determined using subjective experts knowledge. The method starts by assigning an arbitrary 
weight to the most important criterion (highest percentage), as well as to the least important 
attribute according to the relative importance of parameters 

 
 

 

 

Fig. 6.17: Basic GIS approach 
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Fig. 6.18: Weighted overlay approach in ArcGIS by extracting and adding factors influencing 
susceptibility to soil amplification 
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Fig. 6.19: Weighted Overlay in ArcGIS by adding causal factors 

 

The susceptibility is calculated by adding every layer with a weighted  influence together and 
to sum all layers.. (Susceptibility - The hazard assessment derives places, which might be 
prone to soil amplification effects during earthquakes. This is meant by the susceptibility of 
this area. However, it does not predict, when a natural hazard will occur.) 

According to the local specific conditions and, thus, varying influence these factors are 
weightened in %. The percentage of influence of one factor might be changing, for example 
due to seasonal and climatic reasons, or distance to the earthquake source. As a stronger 
earthquake during a wet season will probably cause more secondary effects than during a 
dry season, the percentage of its influence has to be adapted to the specific situation.  

After weightening (in %) the factors according to their probable influence on ground shaking  
susceptibility, maps of were elaborated, where those areas were considered as being more 
susceptible to higher earthquake shock intensities, where “negative” factors occur 
aggregated.  The sum over all factors / layers that can be included into GIS provides some 
information of the susceptibility to amplify seismic signals.  

The resulting map is divided into susceptibility classes. The susceptibility to soil 
amplification was classified by values from 0 to 6, with 6 standing for the strongest, assumed 
hazard. 

The same approach was used as well for  the weightening of causal factors influencing slope 
failure (Fig. 6.19). Identification and mapping of instability factors having a relationship with 
the slope failures require knowledge of the main causes of landslides. These instability 
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factors include lithologic properties of the surface rocks and soil properties, the tectonic 
pattern, seismicity, slope steepness and curvature, stream evolution, groundwater 
conditions, climate conditions, vegetation cover and landuse.  

Causal or preparatory factors such as steep slopes, convex curvatures, height levels, 
drainage pattern and lineaments were extracted from recent LANDSAT ETM-, Google Earth- 
and ASTER- satellite data.  Landslide locations were identified in the study area from 
interpretation of satellite imageries, aerial photographs and field data (Mentes et al.,2004, 
2009). This approach of landslide susceptibility mapping is valid for a generalized 
assessment purpose, however, is less useful on the site-specific scale, where local 
geological and geomorphologic heterogeneities prevail.  Nevertheless this approach 
contributes to a better overview and understanding of the relationships between the different 
causal factors and helps to prepare more detailed investigations in the field. 
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Fig. 6.20: Landslides in Western and Central Hungary 

 

6.3.3 Digital Image Processing of Satellite Data 

For enhancing the satellite data digital image processing has been carried out.  Various 
image tools delivered by ENVI Software/ CREASO were tested, for example for finding the 
best suited RGB combinations, low pass / high pass filtering or contrast stretching 
parameters . 
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RGB imageries were merged with the panchromatic band to get the spatial resolution of 15 
m ( - The Red, Green, Blue - RGB-Principle is reviewed briefly: Three images from the 
different LANDSAT bands to be used as end-members in a triplet are projected, one image 
through one primary colour each, i.e. one image is coded in blue, the second in green and 
the third in red. In this way, each image is given a particular false colour, GUPTA,1991, 2003 
- ). In principle, any image can be coded in any colour. Using Band 8 of the LANDSAT 
Enhanced Thematic Mapper (ETM) satellite the RGB-images were pan-sharpened (merged) 
in order to get the high spatial resolution of 15 m of Band 8. 

 

6.3.4 Evaluations of LANDSAT Enhanced Thematic Mapper (ETM)-, LANDSAT 
Thematic Mapper (TM)- and LANDSAT Multispectral (MSS)- Data 

 

RGB images were created based on LANDSAT MSS from the time between 1972-1979, TM 
and ETM satellite data of Western- and Central-Hungary (time 1999 -2006), merged with 
Digital Elevation Model (DEM) data for structural-geologic investigations of that area and 
then joined to mosaics. Merging  LANDSAT  data  with available Digital Terrain Data 
contributes to a better delineation of  tectonic and structural-geologic, surface-near features 
on satellite data as this approach has the advantage of combining the representation of  the 
vertical extension of the earth's surface (by giving height values for every pixel) with the 
tonal and textural information of the LANDSAT data. Especially an exaggeration of the 
topography helps to distinguish and identify areas that could be related to fracture zones and  
fault segments in the subsurface.  For the investigation of vegetation anomalies that might 
be related to subsurface structures the NDVI (Normalized Difference Vegetation Index)  was 
calculated based on LANDSAT  Band 3 and 4  and the resulting image colour coded as 
shown in Fig. 6.21.   

 

 

Fig. 6.21: Merging LANDSAT ETM- NDVI - Imageries with SRTM  DEM data of Western Hungary 
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6.3.5 Evaluations of RapidEye-Data 

First RapidEye image data were provided by the DLR  from the Paks area. Based on 
RapidEye satellite data (specific system parameters: Fig. 6.22) different RGB combinations 
of the different bands as indicated in Fig. 6.24 and Fig. 6.25 were tested.  

The image mosaics were resized  from 5m to 1 m pixel size in order to enhance the visibility 
of details such as houses or streets. 

 

 

 

 

 

 

Fig. 6.22:  RapidEye satellite system (http://www.rapideye.de/) 
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Fig. 6.23: RapidEye-mosaic from the Paks area 

 

Low pass and high pass filters and directional variations were used for the detection of 
subtle surface structures such as meanders. Merging the “morphologic” image products 
derived from “Morphologic Convolution” image processing in ENVI software with RGB 
imageries, the evaluation feasibilities were improved. Further on “Principal Component” 
analysis was carried out. An example for merging morphologic convolution and principal 
component images is shown, visualizing subsurface, lithologic structures below the airport 
near Paks. 
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Fig. 6.24: Digital image processing of RapidEye satellite data 

 

 

 

Fig. 6.25: Principal Component-image showing meander traces below the airport (clouds- 
yellow areas) 
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Special attention was focussed on the detection of wetlands and swamps as these specific 
site conditions play an important role related to earthquake ground motion. Therefore the 
digital image processing providing the best results for this purpose was investigated. The 
wetlands were digitized and stored as shape-files in ArcGIS. 

 

 

 

Fig. 6.26: Digital image processing for the mapping of wetlands 

6.3.6 Lineament Analysis 

Further special attention was directed at precise mapping of traces of the tectonic pattern 
(lineament analysis) visible on satellite imageries, predominantly on areas with distinct 
expressed lineaments, as well as on areas with intersecting / overlapping lineaments (Fig. 
6.27). The visibility of linear features depends on the specific properties of the satellite 
systems such as their spatial and radiometric resolution, acquisition time, etc. . Therefore 
lineament analysis was carried out based on LANDSAT imageries and on morphometric 
maps derived from SRTM and ASTER DEM data by indicating the different lineaments in the 
legend according to their data base.  

The lineament analysis based on satellite imageries can help to delineate local, surface-near 
fracture systems and faults that might influence seismic wave propagation and, thus, the 
intensity of seismic shock. Mapping of linear features contributes as well to the detection of 
neotectonic movements, especially by analysing abrupt changes in the morphology of the 
drainage and meander pattern.  
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Fig. 6.27: Lineament analysis 

6.3.7 Evaluations of Vs30-Data from the USGS 

Shear-wave velocity is an important factor when investigating local soil conditions. A 
standardized approach for mapping seismic site conditions measuring or mapping shear-
wave velocity (VS) was developed by Wald & Allen (2007, 2009). As in  many seismically 
active regions of the world, information about surficial geology and VS either, does not exist, 
varies dramatically in quality, varies spatially, or is not easily accessible Wald & Allen first 
correlated VS 30 (here VS

30 refers to the average shear-velocity down to 30 m) with 
topographic slope (m/m) at each VS 30 measurement point for data. The basic premise of 
the method is that the topographic slope can be used as a reliable proxy for VS30 in the 
absence of geologically and geotechnically based site-condition maps through correlations 

between VS30 measurements and topographic gradient. By taking the gradient of the 
topography and choosing ranges of slope that maximize the correlation with shallow shear-
velocity observations, it is possible to recover, to first order, many of the spatially varying 
features of site-condition maps. It is interesting to note that the resolution (30 arc sec) of the 
topography allows relatively detailed maps of site conditions. Many of these details come 
from small-scale topographic features that are likely to be manifestations of real site 
differences, such as basin edges and hills protruding into basins and valleys, and are thus 
easily visible due to their significant slope change signatures. Typically, these edges are 
important for predicting ground motion variations due to earthquakes (Wald & Allen, 2007). 
Thus, the from  Central-Hungary derived Vs data were downloaded from the USGS and 
integrated in ArcGIS  for getting an overview of the estimated shear velocities in case of 
larger earthquakes. Comparing the geologic map with the calculated shear waves it 
becomes obvious, that the low velocity shear waves (< 200 m/s) as derived by Wald & Allen 
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correspond nearly exactly with the outcrop of unconsolidated, Quaternary sediments in 
broader valleys. Those quaternary sediments, deposited in valleys, basins and large plains 
almost match with areas of higher groundwater tables. When interpolating the Vs30-data in 
ESRI-grid-format (IDW and Krige-interpolation-method) the areas with assumed, lower shear 
wave velocities (< 300 m/sec) become clearly visible.  

 

 

Fig. 6.28: Inverse-Distance-Weighted (IDW) –interpolation of Vs30-data provided by USGS 
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http://ehp1earthquake.cr.usgs.gov/hazards/apps/vs30/output/Hungary.jpg) compared with  
Geologic Maps.  Lower shear wave velocities (< 200 m/sec) correspond well with the outcrops 

of Quaternary sediments., OneGeology map, http://portal.onegeology.org/ 
Fig. 6.29: Lower shear wave velocities (Vs) in the western Central-Hungarian area as derived 

by Wald & Allen (2007)  correlated with the outcrop of Quaternary sediments 

 

Wald and Allen (2007) note significant limitations to this simplified approach. Users should 
be aware of these limitations and should exercise caution in using this approach for anything 
other than regional scale Vs30-based site amplification estimates. As always, site-specific 
Vs30 values should be used at finer scales or at particular locations such as by Varga 
(2009). The areas of Budapest and of Paks were investigated more detailed.  

The interpolated Vs30 data were converted to contour lines-shapefiles and exported into 
kml.-format for visualizing the contour lines in Google Earth (Fig. 6.30). 
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Fig. 6.30: Google Earth-scene of Budapest merged with Vs30-contour (blue) lines 

7 Remote Sensing and GIS Contribution to the 
Detection of Local Site Conditions 
influencing Earthquake Ground Motion and 
Earthquake related Secondary Effects 

7.1 STRUCTURAL-GEOLOGIC EVALUATIONS OF LANDSAT-DATA 

When analyzing NDVI image mosaics with vertical DEM exaggerations of more than 20 a 
large circular structure of about 150 km in diameter becomes visible in Western Hungary as 
presented in Fig. 7.1, Fig. 7.2 and Fig. 7.3.  As the Balaton lake is situated at the center of 
the structure it is named Balaton-ring structure.  This ring structure is even more evident in 
3D perspective views. To be sure of the detection of this ring-structure and to avoid errors,  
several LANDSAT data sets such as LANDSAT ETM, LANDSAT TM and older LANDSAT 
MSS data were then digitally processed, composed to mosaics and evaluated. The circular 
structure can be detected as well on LANDSAT Band 6- thermal image mosaics. In Fig. 7.3 
the Balaton ring structure can be visualized very clearly by using  older LANDSAT MSS - 
RGB  image mosaics since 1972 (here: Bands 4,3 and 2).  

This circular structure has not been described in the literature so far. Its existence obviously 
was unknown ? Therefore its origin has to be discussed. One of the possible explanations 
might be a mantle plume: A mantle plume finger has been supposed to exist beneath the 
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Pannonian Basin by various authors as discussed in Harangi,s. & Lenkey (2007, in: 
Beccaluva et al.,2007). It cannot be excluded that magmatic processes might have lead to 
this circular structure? Rotational movements due to the Alpine compression might be 
another explanation? 

 

 

Fig. 7.1: Balaton circular structure 
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Fig. 7.2:  Circular structure in Western Hungary visible on LANDSAT ETM – NDVI image  
            mosaic merged with SRTM DEM data (20 x exaggerated) 
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Fig. 7.3: Perspective and plan view of a LANDSAT Multispectral Scanner (MSS) mosaic 
enhancing a circular structure (looking towards North) 

The geodynamic evolution of Western Hungary was accompanied by eruptions of a wide 
range of magmas. Lithosperic extension had played a major role in the generation of 
magmas. One major cause of melting could be decompression of fertile mantle during 
upwelling. Lithospheric extension triggers melting in fairly shallow parts of the mantle, 
whereas upwelling of relatively hot mantle material could lead to partial melting at greater 
depth. In the Carparthian-Pannonian region, both decompression melting and volatile-
induced melting probably have played a role in magma generation over the last 20 m.y. 
Upwelling of a a localized mantle plume beneath the Pannian Basin can readily explain 
the melt generation and volcanism after the peak extension in the Middle Miocene as 
demonstrated schematically in Fig. 7.4.  

Following observations support the plume theory in the Carpathian-Pannonian region: the 
high heat flow and the HIMU signature (having higher 206Pb/204Pb than generally found in 
the other mantle endmembers)  of most of the alkaline-basaltic rocks. Indeed, the HIMU 
component (high µ=238U/204Pb), one of four isotopically distinct end-members in the 
Earth's mantle, is generally attributed to relatively old (≥1–2 Ga) recycled oceanic crust in 
the form of eclogite/pyroxenite. Eruption of alkali basalts has occurred even within the last 
600 ky (Harangi & Lenkey, 2007). 

The pattern of vertical height movements might be another indication: Upwards movements 
are prevailing at the centre, especially in the north of Lake Balaton,  whereas subsidence is 
observed  almost at the border zones of the ring structure (Marovic et al.,2002) combined 
with mighty layers of youngest sediments. Of the Neogene depressions, eight reach depths 
of greater than 3,000 m, namely the Danube Basin, the Zala Basin and Dráva and Sava 
troughs or depressions, the Transcarpathian Basin, and the Jászság, Drescske, Békés-
Makó-Nagykunság subbasins of the Great Hungarian Plain. Most subbasins are less than 70 
km in long dimension, though the Danube Basin exceeds 150 km, as do the Sava and Dráva 
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depressions. Very young sediments are involved in a complex system of faults and 
deformation related to late strike-slip movements and wrenching within the Pannonian Basin 
system (Dolton, 2006). 

When mapping linear features visible on SRTM and ASTER based morphometric maps and 
on LANDSAT imageries the map is gained. 

 

 

Fig. 7.4: Volcanic rocks 



 

 63 

 

 

 

Fig. 7.5: Contribution to discussion: A mantle plume finger as origin of the circular structure? 
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Fig. 7.6: Lineament analysis based on LANDSAT imageries and on SRTM and ASTER     
           morphometric maps 

7.2 EVALUATIONS OF  LANDSAT, RAPIDEYE, SRTM AND ASTER DATA 
FOR THE DETECTION OF LOCAL SITE CONDITIONS USING WEIGHTED 
OVERLAY TOOLS OF ARCGIS 

The basic pre-requisite for the generation of Weighted Overlay maps is the determination of 
weights and rating values representing the relative importance of factors and their 
categories. The Weighted Overlay-method was applied based on SRTM- and  ASTER-DEM 
derived morphometric maps, geologic and geophysic data. 

After extracting, aggregating and weightening the potential causal factors influencing local 
site conditions with different percentages of influence the following maps can be presented. 
Different weights to the causal factors and weightening sequences were tested. Slope 
gradients, curvatures and height levels seem to be the most important factors in this 
investigation area.  The dark-red areas on the susceptibility maps are considered to be most 
susceptible to soil amplification as in these areas following factors are summarizing their 
effects: relative high groundwater tables, flat morphology with low slope and curvature 
gradients, loose sedimentary covers and basin topography or flat areas / plains. When 
underlaid by larger fault zones the soil amplification susceptibility will probably rise, 
depending on earthquake properties and parameters.  

Merging LANDSAT ETM imageries (15 m spatial resolution) with the results of the weighted 
overlay  as for example from the city of Budapest, areas of potential higher soil amplification 
susceptibility can be visualized (Weighted Overlay of factors (SRTM DEM data: [Slope 
degree < 10°]+[ Height level from 80 to 100 m]+ [Minimum Curvature > 250]+ [Flow 
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Accumulation > 1]  
Fig. 7.7). Buffer zones along the rivers (2 km) were chosen to enhance areas were the 
groundwater tables generally are higher. 

 

 

 

Weighted Overlay of factors (SRTM DEM data: [Slope degree < 10°]+[ Height level from 80 to 
100 m]+ [Minimum Curvature > 250]+ [Flow Accumulation > 1]  

Fig. 7.7: LANDSAT ETM scene of Budapest merged with the weighted-overlay results 

 
An overlay of Weighted Overlay-maps with infrastructural facilities such as roads and 
railroads might help to identify potentially more affected sites (Fig. 7.8).  In Fig. 7.9  the 
overlay of mapped lineaments and the weighted overlay based on ASTER DEM data is 
shown. The question rises whether surface-near fault zones might influence shaking 
intensity.  
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Fig. 7.8: Roads and railroads passing areas assumed to be more susceptible to soil  
            amplification according to the Weighted Overlay-method based on SRTM data 
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Fig. 7.9 : Influence of surface-near fault zones on shaking intensity ? 

 

The seasonal influence on the susceptibility to soil amplification was visualized in ArcGIS by 
considering different heights of groundwater tables. In the almost flat, undulated areas of 
Central Hungary even subtle height differences might influence earthquake ground motion 
due to variations of the groundwater table and soil moisture content. Fig. 7.10 shows the 
height levels in 1 m-intervals in the area of Paks.   
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Fig. 7.10: 1 m height level intervals in the area of Paks 

 

The seasonal effects on earthquake ground motion due to varying groundwater tables can 
be visualized roughly by changing the height input into the Weighted Overlay-tool. Fig. 7.12 
presents a scenario of soil amplification susceptibility during a wet season and during a 
relatively dry season by varying the height input (100 and 90 m). For demonstration 
purposes the height input for groundwater tables in the Paks area was assumed for 100 m 
during the wet season and 90 m for a dry season. Of course these height values have to be 
adapted to actual groundwater table measurements whenever an earthquake occurs in this 
area.   

The more precise the basic DEM is the better the results will be. When using SRTM and 
ASTER DEM data the system-based limitations and errors of these data have to be 
considered. However, these data have the great advantage of covering large areas with 
same acquisition times and conditions and being available without costs. 

When comparing the  SRTM and ASTER DEM derived susceptibility maps with the geologic-
lithologic units, it becomes obvious that there is a coincidence between areas assumed to be 
more susceptible to soil amplification due to their morphometric properties and higher 
groundwater tables  and the outcrop of Holocene, fluvial and aeolian sediments.  
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Fig. 7.11: Comparison of the Weighted Overlay calculations (ASTER DEM) considering 
different height levels and lineaments with geologic maps from the area of Paks 

 

In order to test the susceptibility map based on the weighted overlay approach, comparisons 
with available macroseismic data and maps from the GEORISK Earthquake Research 
Institute, Budapest Hungary have been carried out.  However, the hereby presented 
earthquake events in about 10 km depth with magnitudes below  Ml 3  affected  only smaller 
areas. The strike direction of the focal planes seems in these cases to be the main factor for 
the shaking distribution?     

A lot of further cases have to be evaluated in future as the combined approach of the 
different methods might contribute to a better understanding of the numerous factors 
and complex interactions influencing  earthquake shaking intensity at the surface. 

Merging the weighted overlay maps with earthquake density maps visualizes where  the 
occurrence of relatively higher earthquake ground motions can be assumed to be more 
probable).  

Adding the information of the lineament analysis, the potential influence of surface-near 
structures on shaking intensities is pointed out.  
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Fig. 7.12: Macroseismic maps in comparison with weighted overlay- susceptibility to soil 
amplification maps 
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Whenever an earthquake happens in these areas, now it can be derived better where the 
“islands” of higher ground shaking are most likely to occur by adding the specific 
information of the earthquake and the bedrock environment to the susceptibility map 
approach and by adding the specific groundwater table and seasonal information (climatic 
data such as temperature and precipitation data, vegetation status).  

Of course further data have to be included such as movements along active faults, focal 
planes, uplift / subsidence measurements (GPS data), 3D structure, lithologic properties and 
thickness of lithologic units, shear wave velocities, etc. . The analysis method and integration 
rules can easily be modified in the GIS architecture as soon as additional information 
becomes available.  

The gained spatial data could be converted into Google Earth-kml-format and, thus, be 
available for the public in Google Earth without costs (Fig. 7.15). The low spatial resolution of 
the transferred data, however, is still a problem. 

 

 

 

Fig. 7.13: Weighted Overlay of causal factors showing potential areas assumed to be 
susceptible to higher soil amplification (dark-red areas) merged with the earthquake density 

calculation 
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Fig. 7.14: Weighted Overlay of causal factors showing potential areas assumed to be 
susceptible to higher soil amplification (dark-red areas) merged with the earthquake density 

calculation and lineaments 

 

 

Fig. 7.15: Transfer of the Weighted Overlay calculations into Google Earth 
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8 Evaluations of Vs30 Data provided by USGS 

From the USGS provided Vs30 data were evaluated and compared with the Weighted 
overlay results. This is demonstrated by the example of the Budapest and Paks area. Fig. 
8.1 compares the Vs30-interpolation map with the geologic map, the ASTER DEM based 
height map and slope gradient map of Budapest. There is a clearly visible coincidence 
between the lowest, derived Vs30 shear wave velocity data, lowest height levels, lowest 
slope gradients and youngest, unconsolidated, sedimentary covers. Merging the Weighted-
Overlay-Susceptibility map with the Vs-data derived by Wald & Allen (2007) there is a 
coincidence of areas assumed to be more susceptible to soil amplification with areas of 
estimated lower shear wave velocities. 

 

 

 

Fig. 8.1: Geologic and morphometric properties  (Geologic data: Geologic Survey of Hungary) 
compared with Vs30-data (USGS) 
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When combining the contour lines of the weighted overlay  – susceptibility to soil 
amplification – with the Vs30 contour lines a first assumption of areas that might be 

prone more to earthquake damage than the environment can be derived and further 
geotechnical and geophysical investigations better focussed and planned. 

 

 

Fig. 8.2: Overlay of Vs30 contour lines with satellite data 
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An overlay of these information with Google Earth high resolution satellite imageries is 
presented. 

 

 
Fig. 8.3: Overlay of Vs30 contour lines with satellite data 
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Fig. 8.4: Combination of the Weighted Overlay Approach (red contour lines representing the 
highest susceptibility to  soil amplification based on the weighted overlay approach in ArcGIS) 
with the  Vs30-Approach (blue contour lines representing assumed Vs30 shear wave velocities 

of < 200 m/sec) 

 

The next figures describe the situation near Paks when comparing interpolated VS30-data 
with the susceptibility map derived from the weighted overlay. 
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Fig. 8.5: Comparison of the Vs30 data IDW interpolation map with the soil amplification  
           susceptibility map of the Paks area 

 

Combining these approaches a better overview of areas more susceptible to higher 
earthquake shaking can be achieved. However, the influence of the meander sedimentation 
with its varying grain sized and varying “micro”-height levels has to be considered as well as 
the influence of wetlands and swamps.  

An attempt to correlate the Vs20 data provided by USGS with EUROCODE 8 site 
classifications is presented in Fig.50. Ground types A, B, C, D, and E, described by the 
stratigraphic profiles and parameters given in Fig. 8.8, may be used to account for the 

influence of local ground conditions on the seismic action. The site should be classified 
according to the value of the average shear wave velocity, vs,30, if this is available. This 
may also be done by additionally taking into account the influence of deep geology on the 
seismic action. For sites with ground conditions matching either one of the two special 
ground types S1 or S2, special studies for the definition of the seismic action are required. 
For these types, and particularly for S2, the possibility of soil failure under the seismic action 
shall be taken into account. Special attention should be paid if the deposit is of ground type 
S1. Such soils typically have very low values of vs, low internal damping and an abnormally 
extended range of linear behaviour and can therefore produce anomalous seismic site 
amplification and soil-structure interaction effects (European Committee for Standardization, 
2003). 
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Fig. 8.6: Susceptibility to soil amplification 

 

 

Fig. 8.7: Overlay of Vs30-contour lines (estimations of < 300 m/sec) with the weighted overlay 
map and mapped river meander (yellow lines) 
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The Vs30-contour lines partly trace the contours of river meanders. 

 

 

Fig. 8.8: Eurocode 8 Site classification 

9 Earthquake induced Landslides ? 

 
The formation of mass movements in the Hungarian landscapes with recent and active 
landslides seems to be connected primarily to the irregular recurring and unusually wet 
periods under moderate continental climate. Particularly for shallow landslides, exceptionally 
high precipitation and the reactivation of landslides are strongly correlated. Szabo (2003) 
has pointed out that along the Danube, most of the landslides are related to slip planes 
(bedding planes of Pannonian deposits) which are around the average water level of the 
Danube at many places.  The risk is highest after winters with abundant precipitation, when 
landslides become active again. Rainy autumns  may lead to landslides occurring at the end 
of winter or in spring. In recent years greater awareness of landslide problems has led to 
significant changes in the control of development on unstable land, stressing the need for 
local planning authorities to take landslide into account at all stages of the landslide hazard 
mapping process. 

The western bank of the River Danube is belonging to one of the largest landslide 
endangered areas in Hungary. The banks are steep, 20-40 m high and built-up of loose 
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sediments that are exposed to river erosion. Both old and new settlements are partly or fully 
built on the high loess bank and in their surroundings.  

For example, landslides cause a lot of problems in the small town of Dunaföldvár where 
many houses are built on the edge and at the foot of the high bank. Dunaföldvár is situated 
at the eastern margin of the loess covered Mezıföld geographical unit on the bank of the 
River Danube where the loess highland falls nearly vertically to the flood plain of the river.  
This 400 m long section of the loess bank must be considered to be susceptible to further 
mass movements (Újvari, Mentes andTheilen-Willige,2008). 

Due to the geotectonic situation in Central Hungary the question arises how far the structural 
and tectonic conditions in the subsurface might have an influence on landslide susceptibility 
as well. A detailed knowledge of the tectonic pattern of the area is required in order to detect 
surface-near traces of fracture and faults zones that might influence landslide susceptibility 
in case of stronger earthquakes and ongoing neotectonic movements, especially vertical 
height changes. The occurrence of high ground accelerations resulting from earthquakes on 
nearby faults may result in slope failure either directly or indirectly by reducing soil strength.   

Some of the main causal factors influencing slope stability are: 

•   precipitation intensities and distribution 
•   lithologic properties 
•   slope gradient 
•   slope curvature 
•   height level of the surface 
•   height level of the groundwater table and flow direction 
•   distance to the next larger waterway 
•   distance to fault zones 
•   vertical height changes 
•   earthquake activity 
•   neotectonic movements 

These factors can be visualized in a GIS and aggregated using the Weighted Overlay-
method. Results of the Weighted Overlay of areas with slope degrees > 30°, maximum 
curvature > 60, and height levels > 120-150 m (area of Paks) are indicating different 
susceptibilities to slope failure. Buffers of 2-3 km along waterways help to detect the 
influence of higher groundwater tables, and lineaments the potential influence of fault zones. 
Lineament analysis contributes to the detection of potential structural influences on slope 
failure disposition. 

Comparing the result to the inventory of active landslides along the river banks of the 
Danube river, there is a good coincidence between areas with a relatively higher 
susceptibility to slope failure according to the Weighted Overlay-method and the occurrence 
of landslides in the past. The effect of topographic slope is considered as the highest and 
most important factor with weightage values  of estimated 30 – 40 %. 
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The active fault segments with movements and slip-rates of about some mm up to cm per 
year seem to be a further determining factor influencing the distribution and occurrence of 

landslides besides the temperature and precipitation.   

Fig. 9.1: Weighted Overlay of factors influencing slope stability 

 

Dark-red areas correspond to  higher susceptibilities to slope failure and soil erosion. 
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Fig. 9.2: Areas susceptible to slope failure according to the aggregation of causal factors 
derived from ASTER DEM and LANDSAT data using the Weighted-Overlay-tool of ArcGIS 

(preliminary draft – will be revised) 

 

Another aspect is the potential of flash floods and mudflow.  Evaluations of satellite 
imageries from the Paks area clearly show traces of flash floods and linear erosion (Fig. 
9.3). As the surfaces are covered by fine-grained sands and loess material mudflows cannot 
be excluded, although reforestation has been carried out. Whenever a stronger earthquake 
happens during a season with flash floods this aspect has to be considered. Calculations of 
the flow accumulation of surface run-off and of the stream order based on ASTER DEM data 
provide maps indication the pattern and directions of water flow (Fig. 9.4). Slope instability 
will probably increase in future due to climate change and due to  negative height changes 
that have been documented in the area southeast of Paks.   

Calculating the flow accumulation and the stream order based on ASTER DEM data it 
becomes obvious that part of the waterflow is directed towards the power plant due to height 
level differences and the morphology.  Meanwhile the newly build highway is passing 
through this area and interrupting the waterflow. 
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Fig. 9.3: Traces of Erosion 

 

 
Fig. 9.4: Flash flood and mudflow potential - stream order calculation and height levels in the 

areas of Paks 
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9.1 DETECTION OF NEOTECTONIC MOVEMENTS BY GEOMORPHOLOGIC 
STUDIES OF THE SURFACE 

The territory of Hungary is characterised by active geodynamics.  

9.1.1 Traces of the Alpine Compression 

Traces of compression due to the Alpine movement towards east are visible as parallel, 
equidistant and linear ridges and valleys on morphometric maps such as hillshade maps or 
on LANDSAT imageries and, thus, can be mapped (Fig. 9.5).  

 

 

 

Fig. 9.5: Traces of the Alpine compression 

 

When mapping these linear and curvi-linear, morphologic features as polyline-shapefiles in 
ArcGIS the morphologic traces of the Alpine compression, oriented perpendicular towards 
the main stress direction, become visible. The linear valley and ridges, elongated over large 
distance are accentuated on aspect maps as shown in Fig. 9.7. 
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Fig. 9.6: Traces of compression (green lines) due to movements to east (Grenerczy, 2004) 



 

86  

 

 

 

Fig. 9.7: Aspect map displaying the orientation of the terrain tracing the Alpine compression 
by enhancing the parallel, equidistant and linear, N-S- to NNW-SSE oriented valleys 

 

9.1.2 Correlation of  Morphometric Properties of the Land Surface with vertical 
Movements 

Vertical movement are often clearly traced by the morphologic properties of the surface: 
Areas prone to subsidence generally correspond to flat areas with the lowest slope degree 
and lowest curvature as well as to lower height levels. Uplifting areas  correspond more to 
high slope gradients and curvatures. These relationships can be visualized by morphometric 
maps based on SRTM and ASTER DEM data. 
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Fig. 9.8:  Correlation of slope degree (green areas: slope gradient < 10°) and curvature (yellow 
areas – curvature = 0) with areas of subsidence 

 

 

Fig. 9.9: Calculation of the “Maximum Curvature” in ENVI-Software (red areas – high terrain 
curvature) 
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9.1.3 Lineament Analysis 

The results of the lineament analysis and structural evaluations based on LANDSAT 
imageries and on morphometric maps were compared with available tectonic maps (Fig. 
9.10).   

 

 

 

Fig. 9.10: Comparison of the lineaments mapped on LANDSAT-,ASTER- and SRTM- data with 
the geotectonic map according to Fodor et al. (2004) 

 

The main orientation and distribution of the lineaments corresponds to the main tectonic 
features on the geotectonic maps. 
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9.1.4 Analysis of the Drainage pattern 

Drainage analysis is useful in structural interpretation, particularly in areas of low relief. 
Analysis includes consideration of drainage patterns, drainage texture, individual stream 
patterns, and drainage anomalies. When analyzing the drainage pattern calculated in 
ArcGIS based on SRTM and ASTER DEM the parallel, equidistant and linear drainage 
pattern is oriented perpendicular towards the direction of the Alpine compression becomes 
clearly visible. 

 

 

 

Fig. 9.11: Drainage pattern 

 

After analyzing the stream order according to STRAHLER and the different segments, the 
density of segment 4 was calculated in ArcGIS.  

The areas with the highest density of segment 4 correspond almost to areas with 
negative height changes. Thus, this method seems to contribute to the detection of 
subsidence areas in Hungary (?). 
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Fig. 9.12: Calculation the segment 4-density distribution for the detection of subsidence 
movements? 

 

 

Central and Southern Hungary are characterized by large, meandering rivers with relatively 
low surface slope and river gradient, but high river sinuosity. The Danube river area has 
slightly tilted terraces with river meanders and many tributaries are developed on its surface. 
It is characterized by a braided system, in which the rivers frequently shift their position. 
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Anomalous river sinuosity generally occurs as a result of active tectonics. Regional and local 
trends of geological fabric are reflected in the variable orientation of channels of different 
rank in the catchment.  

Mapping of almost recent river meanders and their changes in course, size and shape 
seems to be an additional tool for the detection of neotectonic movements in the 
investigation areas as the development of the drainage pattern is often influenced by subtle 
horizontal and vertical movements of the surface.  

When merging LANDSAT ETM low pass-filtered images with the ASTER DEM based 
hillshade and height level maps and LANDSAT NDVI-imageries, traces of meander become 
clearly visible. 

The traces of meander were mapped and compared with lineaments. The development of 
the meander, their contours, orientations and shapes seem to have been influenced by 
subsurface structures. Linear tonal anomalies on the LANDSAT imageries, linear, parallel 
courses of the meanders and the drainage pattern or abrupt, linear changes in the contours 
were mapped as lineaments for the detection of these possible relationships. 

When comparing the occurrence of river meanders and with the known areas of subsidence, 
there is a clearly visible spatial coincidence between subsidence and meander development.  

The negative vertical height changes occur in a “ring”-like arrangement and distribution.   

 

 

 

Fig. 9.13: Traces of meanders on the LANDSAT ETM-NDVI-scene 
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Fig. 9.14: Combining data sets 
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Fig. 9.15: Traces of river beds and meanders 
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Fig. 9.16:  Traces of river beds and meanders 

 

The meander development in Western Hungary is concentrated in the riverbeds of the 
Danube, Raba and Drava rivers surrounding Western Hungary. A similar observation can be 
made analyzing the distribution pattern of earthquakes during the last decades. The 
concentration of subsidence, meander development and earthquake activity within the 
border zones of the circular structure is obvious.  
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Fig. 9.17: Meander development and subsidence occurrence 

 

 

Fig. 9.18: Earthquake distribution (Data from: Georisk,BGR,ISC,USGS,GFZ,ZAMG, etc.) 
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For the safety of transportation infrastructure, piping, sewage and industrial facilities these 
relationships should be investigated more detailed as long-term vertical height changes and 
horizontal movements can influence the safety of infrastructure and industrial plants. 

10 Disaster Database 

Satellite data, combined with topographical maps, provide an excellent source for preparing 
thematic maps related to terrain parameters and natural resources. Some data layers, such 
as land use and forests, are dynamic in nature and need to be updated frequently, 
depending on the pace of development in the area. Data layers such as soils, 

geology, and hydro-geomorphology are static in nature and therefore remain valid for long 
periods of time. These data layers can be integrated with baseline data for predicting risks 
related to the natural and manmade disasters (Ravan, 2010). 
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Fig. 10.1: Data base (Ravan, 2010) 

 

Prerequisite for disaster preparedness is the almost detailed – as far as possible – detection 
and documentation of settlements, infrastructure, industrial facilities, etc. that might be 
exposed to earthquake and other hazards, especially their different exposures to soil 
amplification, landslides or active tectonic processes. Two sorts of mapping product should 
be provided:  reference maps derived from data available and assessment maps generated 
during the particular crisis.   
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Fig. 10.2:  Spatial database for disaster management 

 

Comparing satellite imagery from before and after the event is one of the key techniques 
used in determining the scope and extent of a natural disaster. These images indicate just 
how the land cover has changed, whether that land cover is naturally occurring plant 
materials or man-made materials like concrete and asphalt. 

 

The following figures provide an overview of cities and settlements situated within areas 
susceptible to higher soil amplifications during stronger earthquakes (dark-red). In a worst 
case scenario the settlements within a 9 km buffer (indicated in red) around the NPP Paks 
should be monitored carefully. In case of severe damage of the NPP these settlements 
should be evacuated first.  
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Fig. 10.3: Overview of cities and settlements situated in areas assumed to be susceptible to 
higher soil amplification (weighted overlay approach based on ASTER DEM data) 

 

Fig. 10.4 shows these areas within the 9 km buffer zone around the NPP more detailed.  

The local site conditions such as the composition of the unconsolidated sedimentary covers, 
the grain size, groundwater levels, soil moisture, seasonal situation (frozen ground, wet 
ground, dry ground), etc. will play an important role in case of stronger earthquakes and will 
lead to local differences in the damage intensities.  

The numerous river meanders in the river bed of the Danube have lead to sedimentations 
with changing grain sizes (gravel, sand, clay) within short distances.   
 
When merging the RapidEye satellite imageries with the weighted overlay calculation based 
on ASTER DEM data it can be visualized which areas are assumed to be  relatively more 
susceptible to soil amplification during stronger earthquakes than the environment due to 
local site conditions. 

In case of stronger earthquakes this approach might contribute to a better understanding of 
the variations of damage intensities and the damage distribution pattern. 
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Fig. 10.4: Assumed susceptibility to soil amplification in case of stronger earthquakes 
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Fig. 10.5: Local site conditions influencing damage intensities ? 
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Fig. 10.6:  Assumed areas with higher potential of soil amplifications in Kalocsa (dark-red – 
assumed high susceptibility to soil amplification)  based on the weighted overlay of factors 

derived from ASTER DEM and LANDSAT ETM data and geologic maps 
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Fig. 10.7: Assumed areas with higher potential of soil amplifications in Dunapataj 

 

Assuming an accident – may be as consequence of a stronger earthquake -  in the NPP 
climatic data (main wind direction) have to be included into the emergency database. 
Assuming a wind transportation towards east the affected settlements can be determined 
immediately and the evacuation planned.  
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Fig. 10.8: Determining the settlements affected by a pollution plume 

 

 

Fig. 10.9: Planning evacuation routes depending on the direction of the pollution plume 
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The planning of evacuation routes in the Paks area has to take into account seasonal 
effects.  When a hazard occurs during a wet or even flooding season potential evacuation 
routes might be flooded in the lower parts of the Danube river terrain as indicated in Fig. 
10.10.  Wetlands and swamps in this area are limiting factors. Ongoing subsidence of this 
area has to be considered as well as its effects may summarize over decades.  

Another aspect in the earthquake scenario might be the monitoring of the Danube river 
embankments. 

 

The airport of Foktö was built on meander sediments that are clearly detectable on the 
satellite imageries. The question arises whether different compaction  in case of stronger 
earthquakes might occur due to varying grain sizes of the meander sediments? Fig. 10.11 
and Fig. 10.12  visualize the meander sediments. 

 

 

Fig. 10.10: Wetlands (dark-green) and depressions (dark-blue) influencing the planning of 
evacuation routes 
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Fig. 10.11: Potential evacuation routes (red lines) 
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Fig. 10.12: Traces of meanders 
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Fig. 10.13: Principal Components Analysis (PCA) of RapidEye data (RGB 3,2,1) enhancing 
subsurface  meander structures below the Foktö airport 

11 Conclusions 

The nearly world-wide available SRTM and ASTER-DEM data and LANDSAT imageries 
support a standardized, low-cost to no cost approach for the detection of some of the 
surface-near, causal factors of local site conditions influencing earthquake shock and 
damage intensity as well as of some of the secondary effects. Aggregating factors 
influencing the surface-near earthquake ground motion intensities in a GIS environment 
allows a first overview of areas with probably higher susceptibility to soil amplification. Thus, 
remote sensing data and GIS integrated evaluations and analysis can contribute to a better 
planning of cost and time-intensive geotechnical measurements. The more geotechnical site 
data exist, the better and detailed the resulting susceptibility maps will be. The advantage of 
GIS is that the system is open and additional data can be integrated as layers as soon as 
additional data are available.   
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