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Abstract

The paper presents our attempts made for improving the locations obtained for local seismic events,
using refined lithospheric structure models. The location program (based on Geiger method) supposes
a known model. The program is run for some seismic sequences which occurred in different regions,
on the Romanian territory, using for each of the sequences three velocity models: 1) 7 layers of con-
stant velocity of seismic waves, as an average structure of the lithosphere for the whole territory;
2) site dependent structure (below each station), based on geophysical and geological information on
the crust; 3) curves describing the dependence of propagation velocities with depth in the lithosphere,
characterizing the 7 structural units delineated on the Romanian territory. The results obtained using
the different velocity models are compared. Station corrections are computed for each data set. Fi-
nally, the locations determined for some quarry blasts are compared with the real ones.

Key words location - velocity models - seismic the most active seismic region in our terri-
sequences — quarry blasts — Romania tory, the Vrancea region, located at the
Carpathian arc-bend and characterized by
important seismic activity in the depth

1. Introduction range 60-150 km, as well as by crustal activ-

The aim of this paper is to improve the 1ty

1(})1(éathogn(1)zflnti}al§1 ez:‘ratrlrl;qtg?;(esu\:ihnlgh t(l)l(f::cu(rizﬁg western, central and southern part of the

recorded by the stations of the national territory are characterized by crustal activ-
telemetered network. Our attempts are  1DY- For the location of the earthquakes in
based on the use of refined lithospheric ~ these zomes, the data recorded by the

Other seismic regions, located in the

structure models in the location program. telemetered network are completed with

The national telemetered network con-  those obtained at the standalone stations in
sists of 14 stations equipped with short-pe- ~ the country. For the rapid (or automatic)
riod S-13 instruments. The continuous digi-  €picenter determination, the data from the
tal data recording is performed in standalone stations cannot be used. So, the
Bucharest. The data acquisition and pro-  necessity to improve all the locations using

cessing are operated on a PC system, based ~ only the telemetered network data, ap-
on the IASPEI volume 1 software (Totting-  pears.

ham et al., 1989). The telemetered network For locating the local events, a program
generally covers the eastern part of the based on Geiger method (Geiger, 1910) is
country, being primarily designed to survey  used (Oncescu, 1983). Its algorithm solves
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the problem of the determination of the 4
hypocentral parameters, by minimizing the
sum of the squared residuals (differences
between the observed and theoretical ar-
rival times), supposing a known velocity
model.

This program allows to refine the
hypocenter determination, due to its char-
acteristics:

— up to 20 different velocity models with
any number of layers (with specific con-
stant P and S wave velocity and constant
vp/vs ratio) can be used, associated with
different local structures below the stations.
The program uses the velocity structure at-
tributed to a station for the whole path;
troubles appear for events which occur out
of the network;

— a weightening procedure (phase, epi-
central distance and azimuth dependent) is
applied;

— locations with fixed depth or fixed epi-
center can be performed;

— the values of the adjustments of
hypocentral parameters made during the it-
erative procedure (in order to achieve con-
vergence criterion) are defined by the user
and allow high precision in the location de-
termination (4x, y, z < 0.01 km, At <
0.01 s);

— station corrections for P and § arrival
times can be computed for large data sets
of events which occurred in the same zone.
These corrections can be subsequently used
for improving the location of the earth-
quakes in that region.

2. Velocity models used for location
determination

In order to obtain better locations
(smaller errors, higher precision) the pro-
gram is run three times for each data set,
supposing different velocity models, as fol-
lows:

1) model 1 is the one used in practice in
our Institute. It represents an average

406

model for the whole territory, with 7 layers
of constant P wave velocity and vp/vg =
1.77 (Oncescu, 1984; Oncescu et al., 1984).
It is presented in fig. la;

2) model 2 is a site dependent one. For
each station, a specific velocity model is as-
sumed, based on the geophysical and geo-
logical information on the crust at each site
(Raileanu et al., 1993). Below the crust, the
structure is considered as in model 1. The
number of layers differs from station to sta-
tion, ranging between 11 and 16. The vp/vg
ratio is constant in each layer, but varies
from layer to layer.

Figure 1b presents, as an example, mod-
el 2 characteristic for Cheia — Muntele Rosu
(MLR) station (45°29.5°'N, 25°56.62’E,
1360 m);

3) model 3 is also a site dependent one.
It is based on the curves describing the de-
pendence of the P and S wave velocity with
depth, in 7 structural units delineated on
the Romanian territory (Enescu, 1992;
Enescu et al., 1992). In the crust v(z) is de-
scribed by a second order dependence of
depth and in the subcrustal lithosphere by a
first order dependence of depth. To each
station, the velocity model characteristic
for the structural unit the site is located in,
is attributed. This velocity structure is com-
pleted, for each site, with the correspond-
ing sedimentary layers used in model 2.

Figure 1c presents the model 3 for MLR
station, located in the structural compart-
ment including the Southern and Eastern
Carpathians and Subcarpathians.

Figure 2 presents the local travel-time
curves obtained for station MLR, using
model 2. They are appropriate for near
events (MLR is located in the neighbour-
hood of the Vrancea seismic region).

3. Observational data and their analysis

The location program using the three veloc-
ity models is run on the following seismic
sequences which occurred in different
zones, on the Romanian territory:



Lithospheric structure models applied for locating the Romanian seismic events

Model 1
Vp (km/s)

P

Tt

........

50

Ll

Lol

100

111

150

110111

200

N
3

[F NN EEN]

®

50

150

200

©

Fig. 1a-c. a) Velocity structure for model 1; b) model 2, for station MLR; c) model 3 for station

MLR.

a) 151 intermediate depth earthquakes
in the Vrancea region, occurred during
1990, May 30 - July 8, in the depth domain
70-90 km, aftershocks of the May 30 and 31
large events (My, = 6.9 and My, = 6.3); the
local magnitude ranges between 2.0 and 4.6
(Trifu and Radulian, 1991);

b) 29 crustal earthquakes in the Ram-
nicu Sdrat area belonging to a seismic se-
quence which occurred during 1991, Au-
gust 31-September 2, in the depth domain
25-35 km, with local magnitude 2.0-4.8
(Popescu et al., 1993);

¢) 55 crustal earthquakes in the Sinaia
area, belonging to a seismic sequence
which occurred during 1993, May 4-June
10, with depth around 5 km and local mag-
nitude ranging between 2.0 and 5.0
(Enescu et al., 1993). Fixed depth (5 km) is
used in locating these events.

Figure 3 presents a map with the seismic
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sequences mentioned above and the sta-
tions used for determining the locations.

For each seismic sequence, three sets of
locations are determined, using the differ-
ent velocity models. On each set of loca-
tions, a statistical analysis is performed on
the values obtained for the standard devia-
tion of the location estimation — SD, and
for the errors in latitude, longitude, depth
and origin time. The statistical parameters
characterizing the normal distribution of
the different sets of error estimators are
computed: the average, the parameters
characterizing the scattering of the values
(variance, standard deviation, average de-
viation), the symmetry of the distribution
(skewness) and its shape (kurtosis).

The three distributions of error estima-
tors are compared, for each seismic se-
quence which was located with the different
velocity models.
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Fig. 2. Travel time curves for station MLR, based on model 2.

4. Results

The comparison of the SD distributions
is presented, considering that this parame-
ter offers the most complete information on
the location error related with the used ve-
locity structure. Some of the statistical pa-
rameters (minimum and maximum value,
average, variance) characterizing the distri-
bution of SD values, and of the errors in
estimating latitude, longitude, depth and
origin time are presented in table I.

a) The best statistics belongs to the se-
quence of intermediate depth earthquakes
in the Vrancea region, due to the largest
number of events.
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Figure 4 presents the distribution of the
SD values determined for this sequence,
for the three velocity models. Most of the
SD values are concentrated in «the normal
distribution» (values up to 0.5), but the
«tail of distribution» continues to 1.3. The
mean values of SD listed in table I suggest
that the best (most accurate) locations are
obtained using model 3 and the worst using
model 1. Similar results are obtained for
latitude and longitude errors (table I).

All these results lead to the conclusion
that model 3 gives the least errors in the
determination of the Vrancea intermediate
depth event locations.

Discussing the SD distributions, all the
parameters describing the scattering have
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Fig. 3. Analysed seismic sequences (intermediate depth earthquakes are plotted with dots and the

crustal ones with triangles).

similar values for the three models (see
variance values in table I), proving that the
analysed sets of errors in location have the
same concentration of values. The positive
skewness values prove the rather large de-
gree of asymmetry of the distribution to-
wards the large SD values. The positive
kurtosis values show that the curve is more
peaked than the normal one (leptokurtic
curve).

The Fisher test is applied for pairs of SD
distributions and proves the hypothesis that
the variance does not differ significantly for
the three sets.

In this hypothesis, Student’s t test is ap-
plied to find the significance degree of the
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difference between pairs of data sets. The
conclusions are: the mean SD values ob-
tained with one of the models 3 and 2 (site
dependent ones) differ significantly from
the one obtained using model 1 (average
structure) at confidence levels of 99% and
95%, respectively; the mean SD values ob-
tained with models 2 and 3 do not differ
significantly.

The conclusion of this analysis is that for
intermediate depth earthquakes, the use of
site dependent velocity models leads to an
improvement in the location estimation,
compared with the average model.

b) For the 1991 Ramnicu Sarat and 1993
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Table 1. Statistical parameters characterizing the distributions of SD values and of errors in latitude,

longitude, depth and origin time estimations.

Seismic sequence 1990 1991 1993
Velocity model 1 2 3 1 2 3 1 2 3
MIN 0.07 0.06 0.06 015 015 0.19 0.04 0.06 0.15
SD MAX 125 131 1.28 062 0.62 1.02 069 116 0.89
AVE 035 030 027 034 038 054 021 029 037
VAR 0.024 0.031 0.029 0.016 0.017 0.057 0.018 0.031 0.025
. MIN 0.8 1.0 0.7 1.1 1.0 1.2 0.5 1.1 1.5
Latitude
error MAX 199 150 232 5.4 5.0 7.8 88 13.6 49.0
(kkm) AVE 3.2 2.8 2.6 2.4 2.3 33 3.6 32 5.0
VAR 399 374 513 093 094 294 326  3.66 426
. MIN 0.9 0.9 0.8 1.0 0.8 1.2 0.3 0.4 0.7
Longitude
error MAX 86 100 104 4.6 3.8 7.0 54 105 211
(km) AVE 33 2.7 2.6 2.0 2.1 3.0 23 1.6 2.5
VAR 1.99 220 240 076 0.62 236 150 216 129
MIN 0. 0. 0. 0. 0. 0. - - -
Depth error MAX 16.7 193 251 8.1 10.1 8.8 - - -
(km) AVE 53 4.7 4.1 3.1 3.1 4.0 - - -
VAR 832 109 125 371 554 9.19 - - -
Origin MIN 015 0.10 0.06 013  0.09 0.12 0.06 0.05 0.16
time error MAX 201 18 172 058 0.68 0.75 098 2.63 3.48
(s) AVE 057 047 042 031 030 0.38 033 027 038
VAR 0.068 0.089 0.070 0.013 0.022 0.040 0.034 0.114 0.222

MIN: minimum value; MAX: maximum value; AVE: average value; VAR: variance.

Sinaia crustal seismic sequences, the statis-
tics is not so good, because of the smaller
number of studied events. The same analy-
sis is performed, as in the case of the
Vrancea intermediate depth events, pre-
sented above.

The distributions of SD values obtained
with the three different velocity models are
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presented in fig. 5 for the 1991 sequence.
The analysis proves that the best locations
are obtained using model 1 (the average
one), not the site dependent ones.

For the 1991 Ramnicu Sarat seismic se-
quence, the mean SD and also the disper-
sion of the SD values are lower for models
1 and 2 than for model 3 (table I). The low
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Fig. 4. Distribution of the location estimation of SD values for the 1990 Vrancea intermediate depth

seismic sequence.

skewness value indicates an almost sym-
metrical distribution.

The Fisher test proves that the variances
of the SD distributions obtained with
model 1 and 2 do not differ significantly,
but they are significantly different from the
one characterizing model 3.

Starting from these hypotheses, Studen-
t’s t test is applied and it proves that also
the mean SD values do not differ signifi-
cantly for models 1 and 2; the mean SD
values differ significantly for model 3 and
both models 1 and 2, at a confidence level
of 99%.
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c) The statistical analysis performed for
the 1993 crustal seismic sequence leads to
similar conclusions as presented above, for
the 1991 sequence.

Figure 6 presents the SD value distribu-
tions for the locations determined using the
three velocity models. The lowest mean SD
value corresponds to model 1 and the high-
est to model 3 (table I). The scattering of
values is low; the «tail of distribution» is
continuing up to SD = 1.2.

Fisher test proves the hypothesis that the
variances of the three SD distributions do
not differ significantly.
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Fig. 5. Distribution of SD values for the 1991 Ramnicu Sarat crustal seismic sequence.

In this hypothesis, using Student’s t test
to compare the mean SD values of the dis-
tributions, significant differences are found
between models 1-3, and 2-3, at a confi-
dence level of 99%. Models 1 and 2 do not
differ significantly, from this point of view.

The results obtained for the two anal-
ysed crustal seismic sequences show that
better locations were obtained using mod-
el 1, the average one for the whole terri-

tory.

Station corrections for each seismic se-
quence and locations for some quarry blasts
are determined in order to check the results

presented above.

For each sequence, the station correc-
tions for P and S waves are computed using
all the velocity models. For the Vrancea se-
quence, containing the largest number of
observations, the comparison among the
sets of station corrections generally shows
agreement with the results of the statistical
analysis of the SD values: lower P and S
delays for model 3.

The use of the three velocity models in
the location program is tested by compar-
ing the hypocentral parameters obtained
for some quarry blasts with the exact ones.
The blasts were detonated in two sites lo-
cated in the south-eastern part of the coun-
try. The sites are outside of the telemetered
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Fig. 6. Distribution of SD values for the 1993 Sinaia crustal seismic sequence.

network; consequently the locations are not
very well constrained by the observations
(azimuthal gap > 265°) and the errors in
the hypocentral parameters are higher than
for the seismic sequences presented above.
The errors in latitude and longitude range
between 4 and 14 km, in origin time be-
tween 0.8 and 1.9 s and SD values between
0.4 and 0.9. The locations are performed
with fixed depth, using automatic phase
identification; 7-11 crustal phases are
used.

These results generally agree with the
above conclusions on the crustal seismic se-
quences: the most precise locations are ob-
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tained using model 2 (as regards the SD
and location parameter errors and also the
closeness from the site); model 1 provides
slightly larger errors; the errors are larger
for model 3.

5. Conclusions

The statistical analysis of the location er-
rors for the studied seismic sequences leads
to two apparently different conclusions:

— for the intermediate depth earth-
quakes in the Vrancea region, the use of
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site dependent velocity models improves
the location estimation, compared with the
average model;

— for the studied crustal seismic se-
quences, better locations are obtained us-
ing the average model than the site depen-
dent ones.

These results can be explained by the
way the program considers the structural
models.

The epicentral area of the intermediate
depth events has a good azimuthal cover-
age of stations, so that the wave path in the
crust (where the models differ significantly
from station to station) can be character-
ized by the velocity model below the sta-
tion and the influence of the local condi-
tions is correctly introduced by models 3
and 2.

For the two crustal seismic sequences, by
introducing more refined models (site de-
pendent, many layers) and by considering
the model below the station for the whole
wave path (as assumed by our program),
the errors in location increase. They are
correlated with an unreal image of the ve-
locity structure along a larger wave path in
a crust with different characteristics than
those considered in the computation.
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