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Abstract 
Vrancea (Romania) is a geographical region between Eastern and Southern 

Carpathian Mountains. The region is characterized by a rather high level of seismic 

activity mainly at intermediate (up to 200 km) depths. These intermediate-depth 

earthquakes occur between 450-460N and 260-270E. The shallow earthquakes are 

dispersed over a much broader territory. We performed the comparative analysis of 

earthquake catalogues available for Vrancea region aiming at the compilation of a 

data set, to be as complete and homogeneous as possible, which, hopefully, will be 

used for the prediction of strong and possibly moderate earthquakes in the region by 

means of M8 algorithm. The two catalogues under study are: 1) Global Hypocenter 

Data Base catalogue, NEIC (GHDB, 1989) and 2) local Vrancea seismic catalogue 

(Moldoveanu et al., 1995) and their updates.  
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Global Hypocenter Data Base, Vrancea region 
The USGS/NEIC Global Hypocenter Data Base was analysed first. It is of 

common knowledge that this catalogue is rather homogeneous starting from about 

1963. Since that time, it is generally complete in reporting seismic events of 

magnitude about 4.5 or larger (although the situation in some regions may be 

different).  

   a     b 

Figure 1. Earthquakes in Vrancea and vicinities as reported in GHDB, 1962-2004: a) all events, b) 

events at depths of 60 km or more. Territory under analysis is outlined by the rectangle. 

 

Figure 1 shows epicentres of earthquakes registered in 1962-2004 between 420-

490N and 210-320E. A compact and dense cluster of intermediate-depth epicentres is 

observed at the centre of the map corresponding to the Vrancea seismic region. 

Further analysis is performed for the territory within 440-470N and 240-300E outlined 

in the figure. Note that practically all intermediate-depth earthquakes fall within this 

area, where they constitute 65% of the all-depth seismic events total. 

Figure 2 displays distribution of the magnitude versus the origin time for the 

earthquakes from the GHDB catalogue. The maximum of up to the four magnitude 

entries reported in GHDB for each earthquake is used as its magnitude. Earthquakes 

from all depths are considered. It is obvious that the completeness of the catalogue 

varies greatly during the century. There is a notable period of 7 years, 1920-1927, 

when not a single earthquake was registered. One can also observe remarkable 

improvements of the registration of seismic data in 1940 and about 1962-1964: more 

recent data are evidently more regular and complete. Note that different quantity of 
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moderate and strong earthquakes prior to and after 1962 might be due to the different 

type of magnitude provided in the catalogue before and after this date. 

Figure 2. Magnitude versus time distribution of the earthquakes reported in GHDB in 1900-2005. 

 

Figure 3 shows evolution of the annual number of earthquakes of different 

magnitudes in time. The changes in the catalogue completeness can be observed in 

more detail. 
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Figure 3. The annual number of earthquakes from GHDB, 1930-2005. Different colour lines 

correspond to earthquakes from different magnitude ranges. 

 

All the above suggests several periods of evidently different completeness of the 

GHDB in the Vrancea region: 

• Before 1940 the data are rather sparse and inhomogeneous. 

• Between 1940 and 1962 the magnitude level of completeness is about 4.5. 

• Starting from approximately 1965 the level of completeness is about 4.0. 

• After 1972 the number of events with magnitude 3.5 is rather stable, although 

the list of these events seems to be yet incomplete.  

 

The depth versus time distribution of the earthquakes in the catalogue (Figure 4) 

demonstrates that seismic events with depths of 60 km or shallower are not reported 

uniformly over the time. Their occurrence appears to be rather regular since 1952 



 4

although marked with a number of gaps in 1954-1955, 1960-1963, 1970-1972 and in 

1998-2003. 

 
Figure 4. Depth versus time distribution of the earthquakes with M≥3.0 reported in GHDB in 1900-

2005.  

 

0.01

0.10

1.00

10.00

100.00

1.0 2.0 3.0 4.0 5.0 6.0 7.0

NEIC, 1932-1961
NEIC, 1962-1979
NEIC, 1980-1993
NEIC, 1994-2004

 
Figure 5. The Gutenberg-Richter graphs for earthquakes from GHDB at different times. The 

cumulative number of events is normalised to one year. 

 

Figure 5 represents the Gutenberg-Richter graphs plotted for different parts of 

the NEIC GHDB catalogue. The number of earthquakes is cumulative and normalized 

to one year. In general, the four graphs confirm the conclusions derived from Figures 

2 and 3. Note that for the last three periods the slopes of the Gutenberg-Richter graphs 

in the magnitude range [4.0; 5.4] are close to each other, although the period from 

1980 to 1993 has more earthquakes of larger magnitudes. The period from 1932 to 

1961 differs noticeably from the others. Thus, starting from about 1962 (or 1965) the 

GHDB catalogue for magnitudes 4.0 and above can be considered as sufficiently 

complete and homogeneous in time and, therefore, this catalogue could be used as a 
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database for prediction purposes in the Vrancea region. Note, however, that the level 

of activity of magnitude 4.0 earthquakes in the region is mainly in the range from 4 to 

7 events per year and, therefore, is insufficient for direct application of the original 

version of the M8 algorithm (Keilis-Borok and Kossobokov, 1990). 

 

Local up-to-date catalogue for the Vrancea region 
The local catalogue for the territory of Vrancea was composed by Moldoveanu 

et al., 1995, in order to apply the intermediate-term earthquake prediction algorithm 

CN. The catalogue consists of the four time-consecutive parts – the three Romanian 

catalogues and the data from the Earthquakes in USSR database. 

  
Table 1. Characteristics of the local Vrancea catalogue components (Moldoveanu et. al., 1995). 

N0 Source Time period Territory Magnitudes 
1 Radu, (1979);  

Constantinescu and  

Marza, (1980). 

1932.01.01 – 

1961.12.31 

41.20  – 48.40N, 

20.80 – 29.80E, 

all depths 

Ml 

(claimed equivalent to the Richter 

magnitude) 

2 Earthquakes in 

USSR (1962-1992). 

1962.01.01 – 

1979.12.31 

44.50 – 49.00N, 

21.00 – 28.00E, 

all depths 

Mpv, Mlh, energy class K 

(claimed that K = 1.8Ms + 4) 

3 Trifu and Radulian, 

(1991). 

1980.01.01 – 

1993.12.31 

Not defined, 

depths deeper 

60 km 

Mw ranging from 2.5 to 5.9 

(claimed that Mw = logM0 - 12.7 

derived from the local stations’ data) 

4 Romanian seismic 

network bulletins 

1994.01.01 – 

1995.07.01; 

1995.07.01 – 

2005.05.01 

44.80 – 46.00N, 

25.00 – 28.00E; 

43.40 – 46.80N, 

21.50 – 29.00E. 

Ml 

(average over the local network 

stations magnitudes Ml) 

 

Table 1 summarises the information about the Vrancea catalogue component 

parts: number of the part, source of the data, time and territory covered, and 

magnitudes provided. One can see that the four parts of the catalogue differ a lot by 

the territorial span as well as by the type of the magnitude determination. Moreover, 

part 3 does not provide any of the epicentre determinations and characterizes location 

of seismic events by their depths only; for whatever reason, it reports exclusively 

intermediate-depth events.  

Figure 6a,b shows the epicentres of all and intermediate-depth earthquakes 

reported in the local Vrancea catalogue. The same as in Figure 1, the rectangular 
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territory under analysis is outlined. The intermediate-depth earthquakes within this 

rectangle constitute about 94% of all-depth events total. One can also notice the thick 

spot of concentric circles, which corresponds to the earthquakes in 1980–1993 

reported by Trifu and Radulian (1991). All of them were given the same epicentre 

location at 45.00N and 26.00E (Moldoveanu et al., 1995).  

a      b 

Figure 6. Earthquakes in Vrancea region and vicinities according to (Moldoveanu et al., 1995), 1932-

2005: a) all events, b) events at the depths of 60 km or deeper.  

 

Figure 7 shows the magnitude-time distribution of the earthquakes from the 

Vrancea catalogue. Earthquakes of all depths from the region under study are 

considered. The choice of the magnitude is the same as for the GHDB catalogue. All 

the four parts of the Vrancea database can be clearly identified in the figure. The 

greatest difference in distribution indicates a switch from the catalogue part 2 to part 

3. Besides that one can note a gap of earthquakes with magnitudes below 3.0 at the 

end of the catalogue part 3 in 1992-1993 and a similar gap in the first half of 1998. 

The differences of the distribution widths and upper magnitude levels in parts 3 and 4 

indicate, most likely, the essential difference of magnitude determinations. 
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Figure 7. Magnitude versus time distribution of the earthquakes reported in Vrancea catalogue in 

1932-2005.  

 

Figure 8 shows the evolution of the annual number of earthquakes from 

different magnitude ranges in the region under study as reported by the local Vrancea 

catalogue. The sharp jump of the annual numbers on January 1, 1980 indicates the 

striking change of the catalogue from part 2 to part 3. Compared to this jump, the 

switch between catalogue parts 1 and 2 seems minor, if not negligible. Catalogue parts 

3 and 4 have a similar total number of earthquakes but seem different in the 

distribution of earthquake magnitudes (that is reflected in the variation of the b-value).  
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Figure 8. The annual number of earthquakes in the local Vrancea catalogue, 1930-2005. Different 

colour lines correspond to earthquakes from different magnitude ranges. 

 

From Figure 9 one can conclude that shallow events with depths of 60 km or 

smaller are not regularly reported in the Vrancea catalogue. Besides the catalogue part 

3 there is a certain lack of shallow events in part 1 before 1952, when many 
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earthquakes are put on the same depth of 120 km, and in part 4 since 1999 up to the 

present.  
 

Figure 9. Depth versus time distribution of the earthquakes with M≥3.0 reported in Vrancea catalogue 

in 1932-2005.  

 

Figure 10 represents the Gutenberg-Richter graphs for different parts of the 

local Vrancea catalogue along with the one for NEIC GHDB given as the reference. 

The counts are normalized to one year. Let us remind that starting from about 1962 on 

the NEIC data from Vrancea region shows a rather stable annual b-value.  

 
Figure 10. The Gutenberg-Richter graphs for earthquakes from the local Vrancea and NEIC GHDB 

catalogues at different periods of time. The cumulative number of events is normalised to one year. 

 

One can see (Figure 10) that catalogue parts 1 and 2 have similar Gutenberg-

Richter distributions throughout the entire magnitude range, but part 1 has a little 

higher level of activity. The level of completeness is about magnitude 4.0 for both 

parts. It is an argument in favour of using parts 1 and 2 without major adjustments as 
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a composite data set for prediction purposes. The potential obstacle is a low annual 

number of earthquakes of magnitude 4.0 (i.e., 5 to 8 events per year). The graph based 

on the catalogue part 4 has the slope very close to the NEIC GHDB one in the range 

[4.2; 6.0] and much better completeness. The linearity of the graph for part 4 saturates 

at magnitude about 3.0, whereas the one for NEIC GHDB saturates at magnitude 

about 4.0. The catalogue part 3, which level of completeness is about magnitude 3.0, 

differs significantly from the other parts, in particular, by the number of earthquakes 

of certain magnitudes. A possible source of the difference might be explained by the 

difference in the magnitude determination. It should be noted that the graph for part 3 

apparently consists of the two approximately linear segments, i.e. [3.6; 4.2] and [4.2; 

5.4]. Figures 8 and 10 imply a conclusion that using the union of the catalogue parts 3 

and 4 for prediction purposes in the Vrancea region without major readjustments of 

the magnitude scales is simply unacceptable. 

To analyse the discrepancies in magnitude determination, we selected from the 

NEIC GHDB, MNEIC≥3.0, and the local Vrancea catalogues the pairs of records of 

presumably the same earthquakes. The parameters for the selection of such pairs were 

set as follows: the acceptable difference for each of the coordinates is 0.10 or less, 

time separation is 1 minute or less, no limitation on depth and magnitude. The 

observed differences of the magnitude determinations from the two catalogues, MLocal 

– MNEIC, versus time are shown in Figure 11. The observed average and standard 

deviation values of MLocal – MNEIC estimated over different components of the 

Vrancea catalogue are listed in Table 2.  
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Figure 11. Magnitude discrepancies MLocal – MNEIC versus time. Different parts of the local Vrancea 

catalogue have different colours. Earthquakes with MNEIC≥3.0 have been used. Moving averages over 

ten consecutive events are shown as black lines.  

 

Thus, one can see that magnitude determinations in the catalogue part 1 are 

rather similar to those accepted by NEIC GHDB, while the magnitudes in catalogue 
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parts 2 and 4 are slightly overestimated. To the contrary, the catalogue part 3 

compiled by Trifu and Radulian (1991), has a significant overestimation of magnitude 

of about 0.78 units. It should be noted, however, that the average magnitude 

discrepancy between the Trifu-Radulian part and NEIC GHDB depends on the 

magnitude interval considered: specifically, for MNEIC≥3.0 events the average 

∆M=0.78 (Table 2), while for MNEIC≥4.0 events ∆M=0.61. Nevertheless, such a large 

overestimation is enough to explain the deviation of the Gutenberg-Richter graph 

plotted for this part from those for the other parts of the local Vrancea catalogue.  

 
Table 2. The discrepancies in magnitude determination of the local Vrancea catalogue 

Catalogue part 
number 

Time 
period 

Average  
MLocal – MNEIC 

Standard deviation 

1 1932-1961 -0.01 0.20 

2 1962-1979 0.13 0.37 

3 1980-1993 0.78 0.36 

4 1994-2005 0.13 0.43 

 

A possible way of using for prediction purposes the local Vrancea catalogue 

data since 1980 up to the present is a recalculation of the Trifu-Radulian magnitudes 

in 1980-1993 to fit with the NEIC GHDB standard. The coincidence of the 

Gutenberg-Richter graphs for the NEIC GHDB and the local Vrancea catalogue part 4 

over the magnitude range of completeness gives us a sound reason to believe that such 

a recalculation would lead to an accordance of the catalogue parts 3 and 4, which is 

necessary for setting up a reliable monitoring of seismic activity aimed at 

intermediate-term earthquake prediction by the M8 algorithm. 

The simplest recipe for such a recalculation could be to decrease the Trifu-

Radulian magnitudes by a constant shift ∆M, which would equalize the averages. This 

seems inadequate due to the different slopes of the Gutenberg-Richter graph for the 

catalogue part 3 in magnitude ranges below and above 4.2. The other ways for a 

recalculation are using one of the different regressions that could be computed from 

the two magnitudes of the pairs of equivalent events (see, for example, the two linear 

regression lines in Figure 12 below). 
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Figure 12.  MNEIC from the NEIC GHDB (abscissa x) versus Mlocal from the catalogue (3) (ordinate y) 

for 139 equivalent earthquakes. Linear regression lines of y on x (red) and x on y (green) are shown. 

 

Figure 13 shows the four Gutenberg-Richter plots computed for the local 

Vrancea catalogue parts 3 and 4, part 3 with magnitudes corrected, first, by the 

bisector of the two linear regressions (earthquakes with 4.0 ≤ M ≤ 6.0 were used for 

calculation of regressions) and, second, by the constant shift ∆M=0.61.  

 
Figure 13. The Gutenberg-Richter graphs for catalogue parts 3 and 4, and the two variants of 

corrections introduced in part 3 by the linear regression bisector and the constant shift. The cumulative 

number of events is normalised to one year. 
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As can be concluded from Figure 13, both ways of correction provide similar fit 

of the data in the interval [3.8; 6.0]. At lower magnitudes the constant shift results a 

more significant deviation than that of regression, which reflects the change in the 

slope of the Gutenberg-Richter graph plotted for the original data. Nevertheless, any 

of these recalculations may become, apparently, the base for compiling the composite 

local Vrancea catalogue, enough complete and reasonably homogeneous (in sense of 

magnitude scales) from 1980 to the present, which can be used for prediction 

purposes. 

 

Aftershocks identification 
The existing intermediate-term earthquake prediction algorithms CN and M8 

use catalogues of mainshocks. Usually an identification of aftershocks is using a 

space-time windows method: any earthquake with the magnitude less than that of a 

given mainshock, which has happened within the time interval ∆T after it and at the 

distance closer than ∆L to it, is denoted as its aftershock. In general, the sizes of the 

time and space windows depend on the region and catalogue considered. Table 3 

presents the space and time limits suggested by Keilis-Borok et al. (1980) and used in 

the Global Test of the M8 algorithm (Kossobokov et al., 1999) and the limits used in 

the regional application of the CN algorithm to Vrancea (Novikova et al., 1996). The 

second ones modified with the constant ∆L=50 km are used in the M8 and CN 

applications in Italy (Peresan et al., 2005). In addition, we suggest the limits to be 

used in the Vrancea region and discuss them in detail below. 

Let us remind that seismic activity of the Vrancea region is mainly intermediate 

and deep focused. It is known that this kind of earthquake does not produce many 

aftershocks. The aftershock sequences, if they exist, are quite short in time and 

compact in space. From Table 3 one can see that Keilis-Borok et al. (1980) suggests 

∆L depending on the magnitude of main shock, whereas Novikova et al. (1996) fixes 

it at 75 km that actually implies encompassing the entire Vrancea seismic region. In 

case of the Vrancea local catalogue it is quite reasonable, since the big segment of it 

does not provide epicentre determination at all (the catalogue part 3, Table 1). 

Therefore, we suggest keeping ∆L=75 km in the prospective M8 application in the 

region.  
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Table 3.  Space and time limits for aftershock identification after Keilis-Borok et al., 1980 (1), 

Novikova et al, 1996 (2) and suggested here (3). 

∆L, km ∆T, year-day Magnitude 

interval 1 2 3 1 2 3 

0.00 – 2.99 – 75 75 – 0 – 11 0 – 1 

3.00 – 3.49 40 75 75 0 – 11 0 – 23 0 – 2 

3.50 – 3.99  40 75 75 0 – 11 0 – 46 0 – 4 

4.00 – 4.49 40 75 75 0 – 23 0 – 91 0 – 8 

4.50 – 4.99 40 75 75 0 – 46 0 – 183 0 – 16 

5.00 – 5.49 50 75 75 0 – 91 0 – 183 0 – 16 

5.50 – 5.99 50 75 75 0 – 183 1 – 0 0 – 32 

6.00 – 6.49 50 75 75 1 – 0 1 – 0 0 – 32 

6.50 – 6.99 100 75 75 2 – 0 2 – 0 0 – 64 

7.00 – 7.49 100 75 75 2 – 0 2 – 0 0 – 64 

7.50 – 7.99 150 – – 2 – 183 – – 

8.00 – 9.00 200 – – 3 – 0 – – 

 

The time windows ∆T suggested either by Keilis-Borok et al. (1980) or 

Novikova et al. (1996) seem to be inadequate for the Vrancea region due to switching 

off the whole region for a long period of time after each strong earthquake. 

Specifically, the resulting catalogue of main shocks amounts to about 5% of the total 

number of earthquakes in the original catalogue. To determine more appropriate time 

windows for the Vrancea region the aftershock sequences of several strongest 

earthquakes have been analysed in Figures 15 and 16. Figure 15 illustrates the 

accumulated number of earthquakes as a function of time, while Figure 16 shows the 

inter-event times versus time in the catalogue.  
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Figure 15.  The accumulated number of earthquakes from the Vrancea local catalogue as a function of 

time: a) since 1980 up to date; b) one year before and one year after 30.08.1986, M=7.0 earthquake; c) 

one year before and one year after 30.05.1990, M=7.0 earthquake; d) one year before 27.10.2004, 

M=6.0 earthquake and up to date. The earthquakes of all magnitudes are considered. Red lines 

represent average rate of seismic activity before the strong earthquakes. They are duplicated to 

facilitate estimating the return to the stationary rate after the main shocks.  

 

In Figure 15a the two aftershock sequences of 30.08.1986, M=7.0 and 

30.10.1990, M=7.0 events are clearly visible, as well as the changes in the catalogue 

completeness (for example one year before and after 01.01.1998).   
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Figure 16.  The inter-event time in the local Vrancea catalogue versus the origin time: a) one year 

before and one year after 30.08.1986, M=7.0 earthquake; b) one year before and one year after 

30.05.1990, M=7.0 earthquake; c) one year before 27.10.2004, M=6.0 earthquake and up to date. The 

earthquakes of all magnitudes are considered. 

 

From Figures 15 and 16 one can conclude that the aftershock sequences of the 

major intermediate-depth Vrancea earthquakes do not exceed two months. Therefore, 

we suggest using much shorter time windows ∆T for aftershock identification in 

Vrancea region, which values are given in the last column of Table 3. 

 

Conclusions 
 The comparative analysis of earthquake catalogues available for the Vrancea 

region of intermediate-depth seismic activity, i.e., 1) the USGS/NEIC Global 

Hypocenter Data Base and 2) the local Vrancea seismic catalogue, has been 

performed with the aim of compiling a data set, to be as complete and homogeneous 

as possible. This data set is to be used for monitoring the times of increased 

probability of strong and possibly moderate earthquakes in the region by means of the 

intermediate-term earthquake prediction algorithm M8. The analysis has shown that –  
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1. Starting from about 1962 the NEIC GHDB can be considered as sufficiently 

complete and homogeneous in time for magnitude 4.0 and above events and, 

therefore, it could be used as a base for prediction purposes in the Vrancea region. 

2. The first two parts of the local Vrancea catalogue, which cover the period of 1932-

1979, could be used as a composite data set (from magnitude 4.0 and above) 

without any adjustments. The obstacle for using these data as well NEIC GHDB is 

the low annual number of earthquakes of magnitude 4.0 or larger, which is 

insufficient for a direct application of the original version of the M8 algorithm. 

3. A big jump in completeness of the local Vrancea catalogue in January 1980 does 

not allow a joint use of the data before and after this moment without proper 

adjustments of magnitude scales. 

4. There is a significant difference in magnitude determinations provided in the parts 

3 and 4 of the local Vrancea catalogue, which implies that a joint use of these two 

parts without proper adjustments is unacceptable for prediction purposes. To 

correct the situation some methods for magnitude recalculation have been 

suggested. 

5. The analysis of several aftershock sequences of strong earthquakes in Vrancea 

provides enough evidence for proposing region specific limits for aftershock 

identification, necessary for the prospective M8 application. 
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