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Romania - Vrancea intermediate-depth 
(60-180Km) seismic zone 



Vrancea intermediate-depth  earthquakes 



•  1940-2010              

•  5369 events 

•  Mw  >=6  14  

•  Mw >=5  137  

•  Mw >=4  667 
 

Source:  ROMPLUS  Catalogue 

      Spatial distribution of                   
Vrancea intermediate-depth                  
earthquakes 









Data preparation for ShakeMap 

l   seismic bulletin generation 

l   waveform extraction (trexcerpt) 

l   wf.  measurements: pga, pgv, psa03, psa10, 
psa30  ( dbwfmeas  and  db2ewpg )  

l   data formatting:   event.xml,  db_dat.xml  

l ( db2shakemap_xm l) 

   
Antelope 4.11 
        and 
ShakeMap 3.5 



 
Input to ShakeMap 3.5  

 
1.  √   measured instrumental ground motion for PGA, PGV, PSA 
        ―   macroseismic observations for intensity   

(native observations)  

2.  √  ground motion  estimates based on GMPE for PGA, PGV, PSA  
 and IPE for Intensity 

3. ―  converted data,  e.g.   PGA=f(MMI) or MMI=g(PGA) , aka GMICE 
PSA :     PSA03,  PSA10, PSA30 
GMPE:   Ground Motion Prediction Equation 
GMICE: Ground Motion Intensity Conversion Equation 
IPE:        Intensity Prediction Equation  
―           not yet implemented 

 



Attenuation relations 
•  Developed by Vladimir Yu Sokolov  for large Vrancea 

intermediate-depth earthquakes 
•  Cover the area 20°E - 29°E /  43.5°N - 48°N 

•  The area is gridded  at .25° and divided into   zones ; each 

zone/node has its own set of coefficients  

•  The site amplification factors are “hard coded” in  these sets 

of coefficients 

•  Implemented as  GMPE (VS10)  and  IPE (VS04)   Perl 

modules in ShakeMap  library  









                    pga(%g)                                                  
 
      sta      dist(km)          o           u         b        (o-u)/o(%)      (o-b)/o(%)       ln(o/u)            ln(o/b) 
       INC    155.20         19.90    12.10   19.90       39.20           0.00               0.4975           0.0000  
 

        o  –       observed values 
        u  –  estimated unbiased 
        b  –     estimated biased  

 



Travel times  









Acceleration and velocity maps   Aug 30,   1986  
Mw 7.1  



Acceleration regression Aug  30, 1986 
Mw 7.1  



Acceleration regression    May 30, 31  1990 
 
 

Mw   6.9                                      Mw   6.4  



Acceleration and velocity regression Oct  27, 2004 
Mw 6.0   



Acceleration regression  Apr 25,  2009 
Mw 5.0 



Velocity regression  Apr 25, 2009,  
Mw 5.0 



Pseudo-Acceleration 
 Spectra 

 Apr  25,  2009   Mw 5.0 





PGA error statistics  



PGV error statistics  



PGA Residuals  



PGV Residuals  



PSA30 error statistics 



PSA30 residuals 



Event 
processing  

timeline 



 

References  

•  Vladimir Yu Sokolov, Friedemann Wenzel, Rakesh Mohindra , 
Probabilistic seismic hazard assessment for Romania and sensitivity 
analys: A case of joint consideration of intermediate-depth (Vrancea) 
and shallow (crustal) seismicity  

Soil Dynamics and Earthquake Engineering, 29 (February 2009)  
364-381 

 
•   C. B. Worden, D. J. Wald, T. I. Allen, K. Lin, D. Garcia, and G. Cua, 
A  Revised Ground-Motion and Intensity Interpolation 
       Scheme for ShakeMap 
 
Bulletin of the Seismological Society of America, Vol. 100, No. 6, pp. 
 3083–3096, December 2010, doi: 10.1785/0120100101 
 


