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1. Introduction 
 
Internet opens wide possibilities for specialists to access the remote databases. Due to 
considerable interest of society to ecology and its importance for vital activity it is reasonable 
to supply Internet with databases on regional natural hazards and information tools for 
processing and analysis of geological and geophysical data. The tools have to help the 
specialists in spatial data mining of natural phenomena and processes. 
 
GeoProcessor2 [1] is an analytical Web GIS for presentation, modelling and analysis of 
environmental and in particularly seismological data. The system supports remote access to 
geological, geophysical and geographical databases and processing, modelling, analysis and 
spatial data mining. It helps to estimate and detect properties of geological environment using 
the set of the plausible inference methods, such as: similarity with precedents, similarity with 
expert expressions in fuzzy logic constructions, membership functions, and nonparametric 
regression.   
 
The motivation of this paper is development of the seismological problem domain for 
information technology in scope the IST Project SPIN! [2]. The paper outlines the basic 
problems of seismic impact forecasting, gives specification of WWW users of seismological 
GI, considers four basic methods of data mining referring to seismological applications, and 
discusses the peculiarities of seismological data mining in conclusion.  
 
2. Seismological problem domain 
 
2.1. General methodology 
 
There are three principal problems in seismic impact forecasting: 
1. Seismic hazard assessment;  
2. Earthquake prediction. 
3. Induced hazard assessment.  
 
General methodology for the solution of these problems consists of three main steps:  
(i) Assessment of the relationship between seismo-tectonic attributes or between natural and 

man-made objects;  

                                                                 
1 The work is supported by Russian Basic Research Foundation (projects 00-07-90100 and 99-
07- 90326) and 5FP Program (project EU IST – 10536 SPIN!).  
 
2 http://www.iitp.ru/projects/geo, http://gis.iitp.ru/, http://borneo.gmd.de/and/geoprocessor 
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(ii) Prediction of the target seismological attributes or detection of the target seismological 
objects; 

(iii) Representation of the result for cartographic exploration. 
 
2.2. Seismic hazard assessment 
 
Seismic hazard assessment consists in two problems: estimation of seismic regime parameters 
and estimation of seismic shakeability (Fig. 1). Seismic regime according to Gutenberg-
Richter model [3] is determined by the following 3 parameters: intensity of seismic flow, 
coefficient of decreasing linear relationship between the logarithm of a number of events and 
their magnitudes, and maximal possible magnitude (Mmax) of expected earthquake. 
Shakeability defines seismic impact on the earth surface in the MSK-64, EMS-98 [4] intensity 
scales or in acceleration scale. Shakeability at the point is calculated as a sum of seismic 
impacts of all seismic sources taking into account spatial damping of seismic energy with 
distances from seismic sources.  
 
The following initial data are used for seismic hazard assessment: earthquake catalogue, data 
about state and tendencies of evolution of geological environment, expert 
knowledge/hypotheses about the geodynamic regional models and expert solutions.  
 
The most difficult and important problem is estimation of Mmax spatial distribution [5, 6]. 
Complexity of the problem is necessity to estimate rare and extreme event under the condition 
of incomplete information. Economy and social consequences due to underestimation or 
overestimation of Mmax define importance of the problem. Problem solution is based on 
historical facts about earthquake repetition and on suggestion about relationship between Mmax 
and seismo-tectonic earth crust properties, which are very slowly changed in time. 
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Fig. 1. Sesimic hazard assessment 
 

2.3. Earthquake prediction 
 
The problem [7, 8, 9, 10, 11, 12, 13] consists in detection of effective earthquake precursors 
and in using the precursors for estimation of time, place and energy of expected earthquake 
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(Fig.2). There are no effective solutions of this problem till nowadays in spite of the great 
common activity of specialists of different disciplines. Earthquake catalogues, geo-monitoring 
time series, data about stationary seismo-tectonic properties of geological environment, and 
expert knowledge and hypotheses about earthquake precursors are used to solve this problem. 
Complexity of the problem consists in the great uncertainty in the model of earthquake 
preparation process, limited volume of the measurements, high level of noise in data, and 
presence of different effects, which trigger the earthquakes. 
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Fig. 2. Earthquake prediction 
 

2.4. Induced hazard assessment  
 
Earthquake can induce another natural and man-made catastrophes (Fig. 3). The model of 
induced hazard assessment was proposed in [14, 15]. It considers a system that consists of 
interacting subsystems, such as different elements of the environment, economical structures, 
or nodes of energetic or information networks. Each of these subsystems can be in several 
states: the normal state and a number of states representing some degree of damage. It is 
supposed that damage in a certain subsystem can cause damage in another one. The model 
allows to incorporate the following data: a set of hazard objects, expert knowledge about 
possible damage states of the objects, expert knowledge about paired links between the 
objects, estimations of probabilities of spontaneous catastrophes, the expert evaluations of 
probabilities for one catastrophe to induce directly another catastrophe. The model is 
presented as the oriented graph nodes of which are all possible catastrophes and arrows are 
probabilities of induced catastrophes.  
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Fig. 3. Induced hazard assessment 
 
3. Users of seismological Web GIS 
 
Seismological Web GIS [17] have two classes of users: seismological GI suppliers and 
seismological GI consumers.  
 
The objectives of seismological GI suppliers are the following:  
1. Dissemination of knowledge on historical and current seismicity.  
2. Training of actions on seismic disaster mitigation for individuals. 
3. Support of administrative solutions for seismic risk mitigation. 
4. Support of scientific research. 
 
GI consumers can be divided in four groups: citizens, administration, students, and experts. 
The queries of seismological GI consumers are the following:  
 
Citizens: 

1. Current and historical seismicity 
2. Documents on seismic hazard and seismic risk mitigation for individuals 

Administration: 
1. Seismic hazard and induced hazard assessment 
2. Actions on seismic risk mitigation and insurance policy 

Students: 
1. Training in seismic hazards assessment 
2. Training in earthquake precursor analysis 
3. Training in estimation of seismological parameters 

Experts: 
1. Seismic hazard assessment and developing the seismic zone maps 
2. Investigation of new earthquake precursors 
3. Earthquake prediction in real time 
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4. Induced hazard assessment 
5. Seismic risk assessment 

 
4. Spatio-temporal seismic data analysis. 
 
4.1. Seismological data and types of data analysis 
 
Seismological database contains information about seismological and seismo-tectonic entities, 
attributes and relationships between entities and attributes. Entities are represented by 
geographical objects and 2D or 3D grid data. The objects include the polygons for 
representation of geological and administrative zones, the points for representation of 
earthquake catalogues, cities, dangerous man-made objects, seismological stations, the lines 
for representation of geological faults, lineaments, roads, topographical elements, the network 
of geo-monitoring data stations for measurement of seismo-tectonic time series. Grid data are 
used for spatial and spatio-temporal presentation of seismo-tectonic properties of geological 
media. 
 
The following four types of GI analysis are used in seismological GIS for solution of the 
problems specified in the previous part of the paper.  
• Estimation of the relationships between the attributes. 
• Estimation of the relationships between the objects. 
• Estimation and prediction of the target GI attribute. 
• Detection of the target GI objects. 

 
4.2. Estimation of the relationships between the attributes 
 
There are two basic methods for analysing the relationships between the seismo-tectonic 
attributes:  
(i) Correlation and factor analysis of the attributes. 
(ii) Statistical and logical inference of the relationships between the attributes. 
 
Correlation and factor analysis help to discover the peculiarities of seismo-tectonic structure 
and tendency of evolution for the region under study. Plausible inference methods are aimed 
to determine the relationships, which could be applied for the solving the forecast problems. 
 
An example of the inferred relationship between the maximal magnitude of expected 
earthquake Mmax and geological and geophysical attributes for the Caucasus region [5] is 
presented in graphical form in Fig. 4. The relationship is )()()(1.4)( 332211 xxxF ϕ+ϕ+ϕ+=x ,  
where: 

)( 11 xϕ , )( 22 xϕ , )( 33 xϕ  are increasing piece-linear functions;  
x1 is a spatial attribute of the faults, which is equal to half sum of the closeness to thrusts 

active in Cenozoic period (y1) and closeness to strike-slip faults (y2) active in the same 
period 2/)( 211 ttt yyx += , )/1(100 Rry tit −= , i=1,2, t is the raster point number, tr  is the 
distance from the grid point t to the nearest thrust (fault), R = 50 km;  

x2 is the absolute value of the post-Sarmatian vertical tectonic movement velocity gradient in 
10-9/year; 
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x3 is the anomaly of the upper mantle P-wave run time variation in seconds, 

∫∫
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wave run time variation in the point with geographic co-ordinates λ and ϕ, R = 30 km.   
 

 
 

Fig. 4. Relationship between Mmax and thematic attributes for the Caucasus region, 
)()()(1.4)( 332211 xxxF ϕ+ϕ+ϕ+=x  

 
4.3. Estimation of the relationships between the objects 
 
 
Three methods of analysis the relationships between the seismo-tectonic objects are the most 
typical: 
(i) Object classification and clustering. 
(ii) Estimation of geometric properties of seismic process. 
(iii) Induced hazard assessment (modelling of scenarios and estimation of probability of 

induced catastrophes). 
 
Method of classification and cluster analysis are usually apply to select out homogeneous 
groups of earthquakes or to analyse earthquake migration. Geometric properties of seismic 
process describe spatio-temporal variations of the relationship between the earthquakes. The 
parameter of fractal dimension of the earthquakes (D-value) is usually measured for this aim. 
D-value is close to 1 in the area where earthquakes form the linear groups and it is close to 2 
in the case of diffusive spatial earthquake distribution. The methods of induced hazard 
assessment use the paired links between natural and man-made objects in order to model 
scenarios of catastrophe evolution. 
 
An example of catastrophe chain induced directly by the earthquake is presented in Fig. 5. 
The earthquakes with energy e1, e2, e3 induce the landslides with body rocks m1 and m2. The 
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landslides create dams and water body. Probabilities of earthquakes are given by vector 
π Τ=(π 1, π2, π3). Probabilities of ei earthquake induces a landslide mj is given by the 3x2 matrix 
Pem=(P(ei,mj). Two catastrophes of water body are possible: dam overfilling or dam crush. Let 
us Do(m) is 2x2 diagonal matrix, probability of dam overfilling after the landslide mj; 
probability of not overfilling for the dam is Dn(m)=E-Do(m); probability of mudflow after 
overfilling is Qo

T(m)=(Qo(m1),Qo(m2)); probability of mudflow after the dam crush is 
Qn

T(m)=(Qn(m1), Qn(m2)); U is probability of the structural damage after mudflow. Then the 
probability of indirect structural damage after the earthquake in matrix notation is given by 
the following expression: 
 

L= π Τ Pem(Do Qo+Dn Qn)U 
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Fig. 5. An example of chain of catastrophes 
 
 
4.4. Estimation and prediction of the target GI attributes 
 
(i) Generation of new geographical object attributes or layers. 
(ii) Estimation of spatio-temporal distribution of seismo-tectonic attributes. 
(iii) Forecasting of the seismic parameters. 
 
Generation of new geographical object attributes or layers is carried out by the attributes and 
geometry of another layers. For example, it is possible to calculate seismological attributes of 
the polygon or point by the earthquake epicentres located at the polygon or point buffer zones.  
 
An example of estimation of spatio-temporal distribution of seismo-tectonic attribute is the 
variation of minimal representative earthquake magnitude Mmin for the East Mediterranean 
region. The result presented in Fig. 6 was obtained in cooperation with G. Papadopoulos in 
scope of EC Copernicus Project ASPELEA (contract IC 15 CT97 0200). The less Mmin then 
the sensitivity of seismic network is higher. The variations of Mmin manifested that sensitivity 
of seismic network was significantly improved firstly in 1988-1991 years and the second time 
in 1997-2000 in the north-west area of the region. 
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Fig. 6. The sections of 3D raster of Mmin variation from 1967 to 2000 with 3-year interval  
 
 
Another example refers to forecasting the properties of seismic process. It is an application of 
the RTL criterion [8] for detection of earthquake precursors made in scope of ASPELEA 
project. Cleaned from aftershocks earthquake catalogue with 1551 events occurred from 
01.01.1964 till 06.09.1999 (one day before the earthquake) within the circle with 100 km 
radius and the centre in the Athens earthquake, M=5.9, 7.09.1999, latitude=38.15, 
longitude=23.62 was analysed. The RTL time series is presented in Fig. 7. The significant 
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positive anomaly before the Athens earthquake detects a set of foreshocks, which could be 
interpreted as earthquake precursor. 
 

 
 

Fig. 7. Estimation of time series for the Athens earthquake, m=5.9, 7.09.1999, lat=38.15, 
long=23.62, by RTL -criterion  

 
 
4.5. Detection of the target GI objects 
 
Two types of seismological object detection can be considered: 
(i) Delineation of seismic source zones. 
(ii) Earthquake prediction. 
 
In the fist case the problem consists in estimation of seismic source geometry by all available 
seismological, geophysical and geological data. In the second case the predictive problem 
consisting in assessing the time, coordinates and earthquake energy is solved with the help of 
preceding data only. 
 
An example of earthquake prediction made retrospectively refers to Tangshan earthquake 
with magnitude M=7.8 occurred at north-eastern China on July 28, 1976 [13]. Daily time 
series of geophysical and hydrogeological parameters measured at 10 stations based on the 
observation period ranging from the beginning of 1972 till July 27, 1976 (24 hours before the 
Tangshan earthquake) were analysed. Four sections of 3D grid data corresponding to 
earthquake precursor and the seismic stations shown by triangles are presented in Fig 8. It 
also shows tectonic faults and epicentres of the future Tangshan earthquake and of the two 
strongest aftershocks with magnitudes 6.9 and 7.0. The anomaly corresponding to earthquake 
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precursor is evolved from Beijing and Tangshan areas and located at the vicinity of Tangshan 
epicentre. 
 

 
 

Fig. 8. Precursor evolution in 60-7 days before the Tangshan earthquake, 
China, M=7.8, 28.07.1976. The value of anomaly is measured in values  

of standard deviations of stationary process  multiplied by 100  
 

5. Some peculiarities of seismological data mining  
 
(i) Two types of seismological predictive data mining are considered: 

A) Prediction based on spatial and spatio-temporal geodata at the vicinity of the 
target object under study: )),,((),,( tFty ϕλ=ϕλ x  

B) Prediction based on the ratio between the objects:    
      ),...,,...,,,...,,()( ),1(1221 NNnmN uuuqqqFny −=  
 

(ii) There are the following peculiarities in seismological predictive data mining: 
A) Incomplete information (incomplete data, absence of mathematical model) 
B) Uncertainty in data and expert knowledge (noise in data, ambiguity in expert 

knowledge) 
 
(iii) There are the following peculiarities in seismological GI: 

A) Many types of spatio-temporal data (grid data, points, lines, polygons, images, 
time series, documents) 

B) Huge earthquake catalogues involving up to tens and hundreds thousand events 
 

(iv) Principle peculiarity of seismological GIS architecture consists in integration of vector 
and grid data processing. This integration is essential for three following types of 
operations:  
A) Estimation of spatio-temporal properties of geographical objects with the help 

transformations their geometric and thematic data into 2D and 3D grid data 
B) Estimation of the attributes of geographical objects using evaluation of the 

functions of 2D and 3D grid data within the geographical object buffer zones 
C) Detection of target geographical objects from 2D and 3D grid data 
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