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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Bucharest, the capital of Romania with 2½ million inhabitants, 
is a well-suited target to study the urban seismic wavefield composed of 
natural and man-made signal components. The city and the surrounding 
towns in SE Romania are endangered by strong intermediate-depth 
earthquakes of the Vrancea source zone (Figure 1). The bigger shocks 
reach moment magnitudes larger than seven and occur about three times 
per century causing partly significant death tolls and damage (for a 
summary see Wenzel et al., 1999). A magnitude 4.5 event from the 
Vrancea slab can be recorded about some month, and there is a well-
developed infrastructure to conduct seismological research. We use this 
environment to accomplish a combined structural and hazard analysis for 
Bucharest as well as to conduct basic research on the urban seismic 
wavefield. 





Figure 2



We ran a broadband seismic network in the metropolitan 
area of Bucharest to record the natural and cultural microseismicity 
or noise as well as earthquake- and explosion-related seismic 
waves. Thus we can study a wide range of items such as the nature 
of urban noise e.g. as a time-dependent function, the local elastic 
structure and even distant regions by using e.g. array techniques. 
Exploring horizontal to vertical (H/V) spectra and spectral ratios 
with respect to a certain reference site we determine variations of 
the local amplification factors for seismic waves in the city.



The experimental part of URS is mainly based on a temporary 
deployment of the Karlsruhe Broadband Array (KABBA). It consists of 
32 Earthdata 24-bit data loggers with 3 and 6 input channels, GPS time 
synchronization and removable 6.4 GB harddisks. As sensors we use 22 
Streckeisen STS-2 seismometers (120 s free period), 5 Geotech KS2000 
(100 s), 3 Güralp 40T and ESP (30 s) and 2 Lennartz LE- 3D (5 s). The 
stations were installed at the end of October 2003 and removed at the 
beginning of August 2004 what allowed a more than 9 months long 
observation period. The deployment included 34 different sites (Figure 
2). All stations ran in continuous mode with a sampling rate of 100 Hz 
which allows to study signals with frequencies of nearly 50 Hz. 
Additionally, we can use the data of the permanent K2 strong-motion 
network of 40 stations which is run by the University of Karlsruhe and 
the National Institute for Earth Physics (NIEP).
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The ambient noise conditions at the station sites of the 
temporary network vary significantly and thereby the signal-to-noise 
ratio of the recorded seismic signals changes significantly between the 
stations. The coupling to the ground is also quite variable. About 20 
stations were deployed directly in the city center mainly in the cellars of 
private and commercial buildings. Three stations in the city center were 
installed under free-field conditions in parks. Stations in the suburbs 
were put into cellars of small houses as well as some at free-field sites 
(e.g. near greenhouses) where security for the instruments was not a 
problem. For 3 months one pair of instruments (URS34 and URS35) was 
installed in the 11-storeyed tower block of the physics department at 
Bucharest-Măgurele (Figure 3a) – one in the basement and one at the 
11th floor to study the influence of the building structure on the seismic 
waveforms. This wide range of recording conditions is important to 
evaluate the variation of the urban seismic wavefield.









At the stations in the city there is a clear diurnal 
variation of the ambient noise (Figure 4). The example from 
URS31 in the city center shows a variation in amplitude of a 
factor 3-5 between about 5 am in the morning (local time, 
GMT+3h) and 12 pm at night relative to the calmness during 
the rest of the night. This dinural variation is more pronounced
on the horizontal than on the vertical components. Further 
investigations on the microseismicity will refine the temporal 
variations and e.g. search for correlations with measured wind 
and rain parameters.







The recorded waveforms of the URS experiment are a rich 
and unique source to study the seismic wavefield of a major urban 
settlement. Although the high noise level hampers a fast and 
simple data processing and analysis of seismic phases, the 
preliminary receiver function sections with only a part of the 
available data demonstrate the ability to study the structure below 
the city of Bucharest. Furthermore the noise itself can be regarded 
as a valuable seismic source for structural and hazard analysis in 
the earthquake-prone capital of Romania. 
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