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Abstract. The maximum velocity amplitudes (4,ma) of P and S
waves in different period bands are studied using filtered broad-
band records from the KHC Seismic Station. Two sequences of
shallow earthquakes from the Tadzhik-Sinkiang border and from
North-eastern China with magnitudes m, between 5.0 and 6.3
are investigated. Amplitude-periodband (APB) diagrams are
constructed for each event. The largest values of A,m., are found
in the period band from 2.2 to 10 s for P waves and from 3.4
to 23 s for S waves. A shift of the maximum in the APB diagrams
towards longer periods for earthquakes with m, > 6.0 is observed.
For events with m, <6.0 the position of the maximum virtually
does not depend on the magnitude. This phenomenon seems to
be related with the process of wave generation in the focal region.

Key words: Seismology — Earthquake magnitude - Maximum velo-
city amplitudes — Broadband records.

Introduction

A more profound knowledge of the physical principles of the
earthquake magnitude seems to be one of the substantial condi-
tions for an improvement of routine magnitude determinations.
Especially, a comprehensive investigation into the properties of
the observational basis of the magnitude, the maximum ratio of
amplitude and period (A/T)m.. for the individual wave types, is
very desirable. In this context the behaviour of the quantity
(A/T)max in different period ranges appears to be essential. Several
papers reporting on results of investigations in this direction have
been published (Korchagina and Moskvina 1972; Zapolskij et al.
1974; Aranovich et al. 1977; Roglinov et al. 1978).

The aim of the present study is to analyze the maximum velo-
city amplitudes of P and S waves in the period range from 1
to 170 s on the basis of a sequence of filtered broadband records
for two series of shallow earthquakes.

1 Observational Material and Method of Data Processing

For the present study two sequences of shallow earthquakes from
the Tadzhik-Sinkiang border (TSB) and from North-eastern China
(MEC) were used. The parameters of the individual earthquakes
are listed in Table 1. The respective observational material was
ontained from the magnetic tape library of the FBV Broadband
Scismograph System operating at the KHC Seismic Station (Ka-
Sperské Hory in South Bohemia, ¢ =49°07.8'N, 1=13°34.8'E). The

variation of the epicentral co-ordinates is so small that the wave
propagation paths to KHC are nearly the same for all events
in each series. The epicentral distances for the TSB and NEC
events are, respectively, about 43° and 69.5°

The FBV system has a flat-velocity response in the period
range 0.3<7<300s. Each component (Z, NS, EW) is recorded
bi-level in an overall dynamic range of 80 dbs on 12-track FM
magnetic tape. For the processing of the tapes the DPS Data
Processing System containing proper analogue and hybrid devices
is used in the Geophysical Institute at Prague. Both systems are
described in a previous paper by Plesinger and Horalek (1976).

To obtain the data in the form needed for the present study
the FBV records were processed in the following way. The vertical
and the horizontal components of each event were passed through
a set of twelve one-octave 4th-degree Butterworth filters. The pass-
bands of the individual filters and their centre periods are given
in Table 2. The centre periods cover the range from 1.5 to 128 s
in half-octave steps. Simultaneously, a procedure of particle mo-
tion analysis that discriminates P, S, and LR waves was performed.
The outputs of the individual filters and the output of the particle
motion analyzer were recorded by a linear multichannel high-speed
heat-pen recorder (see Fig. 1). On each of the filtered records
three quantities of the P and S wave groups were measured for
every component: the maximum amplitude from trough to peak
or vice versa, the period corresponding to the maximum amplitude,
and the time difference between the first onset of the wave group
and the occurrence of the maximum amplitude. In the majority
of cases the signal-to-noise ratio was high enough to enable an
undistorted evaluation. It became necessary, however, to employ
also few wave groups with amplitudes comparable with those
of the noise in the respective period band in order to find out
the general trends and the maxima of the curves investigated in
Sect. 2.

Since the FBV system has a broadband flat-velocity response
the maximum amplitudes determined in the way outlined above,
converted into ground velocity and divided by 2z, directly give
the value of (A4/T)na Which is the basic parameter for magnitude
estimations.

2. Amplitude-Periodband Diagrams

For the graphical representation of the dependence of the maxi-
mum velocity amplitudes on the filter passbands we use the term
‘amplitude-periodband diagrams’ in this paper and denote them
briefly APB diagrams. These diagrams are analogous to the so-
called ‘velocity spectra’ introduced by Bune et al. (1973) and Za-
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Table 1. Parameters of earthquakes

Event Date Origin time Latitude Longitude Depth (km) m, Source
TSB 1 11 01:13:55 39.34N 73.76E 7 6.2
2 11 05:12:35.1 39.33N 73.75E 48 5.3
3 11 05:23:57.3 39.32N 73.75E 72 5.4
4 1974 August 1 11 07:02:07 39.34N 73.80E 18 5.1
5 11 20:05:30.9 39.44N 73.67E 41 5.7 ¢1SC
6 11 21:21:37.1 39.46N 73.62E 26 5.8
7 27 12:56:01.0 39.52N 73.82E 19 5.7
8 27 17:33:58.6 39.34N 73.86E 37 5.1
9 1974 September 03 19:41:21.1 39.42N 73.74E 43 5.3
NEC 1 27 19:42:54.6 39.57N 117.98E 22.8 6.3
2 27 23:17:31.4 39.36N 117.82E 314 5.4
3 28 00:58:46.9 39.41N 117.78E 33.0 5.0
4 1976 July 28 10:45:35.2 39.66N 118.40E 26.4 6.3
5 28 15:35:55.3 39.85N 118.66E 13.0 5.3 ¢ NEIS
6 29 01:01:03.2 39.92N 118.88E 354 5.1
7 30 21:23:15.0 39.82N 118.33E 33.0 5.4
8 1976 August 31 03:25:27.8 39.80N 118.86E 31.8 53
9 1976 November 15 13:53:00.6 39.44N 117.69E 15.2 6.0

Table 2. System of filters

Number Passband Centre period
of filter (seconds) (seconds)
I 1.0- 2.0 1.5

II 1.5~ 3.0 2.2

111 2.2- 45 3.4

v 34- 68 5.1

\Y 5.0- 10.0 7.5

VI 7.5- 11.0 11.0

VII 11.5- 23.0 17.0
VIII 17.0- 34.0 25.0

IX 25.0- 50.0 35.0

X 37.0- 75.0 56.0

X1 56.0-112.0 84.0

XII 85.0-170.0 128.0

polskij et al. (1974) on the basis of observations with Frequency
Selecting Seismic Stations (CISS). It must be noticed, however,
that APB diagrams cannot be considered to be identical with
velocity amplitude spectra because they express the dependence
of two quite different quantities (maximum amplitude instead of
the root of spectral density, filter passband instead of frequency).
In general, no prominent similarity must exist between APB dia-
grams and amplitude spectra of P and S waves for teleseismic
events. A special study of the relation between APB diagrams
and amplitude spectra is underway and the results will be published
in a separate paper.

In the present study, the APB diagrams were constructed for
the vertical and horizontal components (Z, NS, and EW) of P
and S waves for both the TSB and NEC events. To illustrate
the reliability of the results two typical APB diagrams of the
seismic noise level at KHC are shown in Fig. 2.
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2.1. APB Diagrams for P Waves

The resulting APB diagrams for P waves are shown in Fig. 3,
maximum velocity amplitudes in microns per second being plotted
in the logarithmic scale. Number of event and the corresponding
magnitude m, are indicated for every curve. The solid circles indi-
cate values of 4,,., which were safely above the noise level. Values
of A,m., evaluated from readings with comparable signal and noise
amplitudes are denoted by open circles. Some of these cases were
included in order to find out the trends of the APB curves, espe-
cially in their long-period flanks.

The general shape of the APB diagrams for all three com-
ponents of P waves obviously is similar for both the TSB and
NEC regions. The diagrams usually have a single pronounced
maximum in the range of periods represented by filters III, IV,
and V. An exception is the NS component for event No. 1 from
the TSB region. For events with larger magnitudes the maxima
tend to shift towards longer periods. The levels of the curves
correspond to the order of magnitude m, with the exception of
NEC event No.7 for which m,=5.4 given by NEIS seems to
be too large in comparison with our observations. The anomalous
level of the curve for the NS component of NEC event No. 5
is probably due to the disturbing effect of noise in the period
band of filters III and IV.

The decrease of maximum velocity amplitudes for passbands
in the short-period range is more expresssive for the Z and EW
components of events from the NEC region than for those from
the TSB region.

2.2. APB Diagrams for S Waves

The APB diagrams for S waves are shown in Fig. 4. In general,
they have a similar character as those for P waves but the maxima
of curves occur at longer periods, i.e., in the range of filters 1V
to VII for the TSB events and V to IX for the NEC events.
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Fig. 1. Example of filtered broadband X
records (event TSB 5, component EW). 75
Trace 1: broadband signal (0.3 to %

300 s), trace 2: coded time, traces 3 to ‘WW‘—’V\/\A/\N\MN\,
14: outputs of filters I to XII (the
arabic numbers are the relative
amplification coefficients of the

individual channels), trace 15: result of
polarization analysis (product of

longitudinal and vertical broadband Lz e N Ayt
components) (4 ‘
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Fig. 2. APB diagrams of the seismic 1
noise preceding events TSB 4 (1)
and NEC 3 (2). A, are the 2
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Fig. 3. Amplitude-periodband diagrams of P
waves from the TSB (Tadzhik-Sinkiang
border) and NEC (North-eastern China)
events. A,n., values above the noise level are
denoted by solid points, those comparable with
the noise level by circles. The underlined
numbers correspond to the event numbers in
Table 1. The decimal numbers are the m,
magnitudes of the individual events (the

LA

T W NV AW X XXX T 8NV Vi XX XX
FILTER

In comparison with P waves the maxima of the diagrams are
not so well pronounced for most of the events. The A,,,,, values
are comparable in more passbands so that the maximum cannot
be unambiguously attached to an individual filter (see, e.g., TSB
event No. 6 and NEC events Nos. 1 and 4 in the NS component
or TSB event No. 1 in the EW component).

The shape of the APB diagrams is also influenced by the
internal structure of the wave group investigated. For instance,
a detailed polarization analysis of the S wave group of TSB event
No. 1 has revealed that this group consisted of a pure SH pulse
with a half-period of approximately 12 s and a slightly later wave
group of rather SV type with a predominant period of about
36 s. This means that 4,,,, in different passbands can correspond
to different wave types.

A tendency of shifting of the maxima of the APB curves to-
wards longer periods for events with larger magnitudes is again
observed also for S waves.
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correct my, for diagram 9 in figure NEC-P,
component NS, is 6.0)

2.3. Time of Occurrence of Maximum Velocity Amplitude

In our study the problem of the time of occurrence T of maximum
velocity amplitude in the P and S wave groups for different
filters has been also investigated. Knowledge of t values to be
expected in different passbands is important for the routine de-
termination of earthquake magnitudes on the basis of maximum
amplitudes. The quantity t was measured from the onsets of the
P and S wave group. The values for P waves were determined
from the vertical components, those for S waves from the EW
components of the filtered broadband records. The behaviour of
7 for a set of selected events is shown in Fig. 5.

It is evident that t increases with increasing centre pericds
of the filters as well as with increasing magnitude of the events.
Its variation appears to be negligible up to the period range of
filter VII. In the passband from 1s up to approximately 29s
the time of occurrence of the maximum velocity amplitude usully
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‘ - A comparison of the APB diagrams in Figs. 3 and 4 indicates
05 1082 0meg” that there exists a stable relation between the three components
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tions of this kind. For P waves the vertical component and for
8o0r S-EW S waves one of the horizontal components appear to be the most
70k NEC 9 appropriate.
6 The shapes of the APB diagrams for P and S waves have
lr OoF . .
a very similar character for all the events. However, for S waves
[s]50r the maxima of the curves are shifted towards longer periods. It
62 ger p
et Tse 1 was experienced that for events having magnitudes my, < 5.0 the
- 58 TSB S APB diagrams for both P and S waves can be constructed only
. in exceptional cases, the noise background, especially long-period
microseisms, being the limiting factor.
. For both the Tadzhik-Sinkiang and North-eastern China se-
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FILTER

kig. 5. Time of occurrence T of maximum velocity amplitude vs.

period-passband (filter number) for a set of selected events

range of filters III to IX, i.e., the largest value of A4,.,,, occurs
in the intermediate period band. Furthermore, the general shape
of the APB diagrams is practically the same for both regions
without any exception.
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A,max value on m, magnitude for the vertical component of P
waves. The periods T, corresponding to A,ma. (solid circles) and
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The results pertaining to the vertical component of P waves,
mentioned in the last paragraph, are in general agreement with
those obtained by Bune et al. (1973) and Zapolskij et al. (1974)
on the basis of observational material from Frequency Selecting
Seismic Stations. The APB diagrams for the vertical component
of P waves are also similar to the majority of diagrams constructed
in the same way for a sequence of aftershocks from the Hokkaido
region (Roglinov et al. 1978). In spite of the fact that the shapes
of the APB diagrams for some of the Hokkaido events were found
to be exceptionally quite different, it seems that the type of dia-
grams observed in the present study represents the process of
seismic wave generation that prevails for shallow earthquakes.

An interesting phenomenon is the shift of the maxima of the
APB diagrams towards longer periods with increasing magnitude
of the events (see Figs. 3 and 4). Figure 6 shows the dependence
of the passband, in which the largest A,,., of the vertical com-
ponent of P waves is found, on the magnitude m,. It appears
that the maxima of A,,,, shift towards longer periods for magni-
tudes m, > 6.0 whereas for my < 6.0 the occurrence of the largest
Aymax In the passband from 2.2 to 4.5 s is independent of magnitude
and region. The shift to filter IV for TSB event No. 2 is an excep-
tion the probable cause of which was constructive signal-noise
interference. The same tendency of shifting of maxima of the
APB diagrams to longer periods for events with larger magnitudes
can be observed also for S waves but the phenomenon is not
so expressive as for P waves due to the flatness of the maxima.

Using calibrating functions of the Eurasian homogeneous mag-
nitude system HMS (Vanék et al. 1978; Christoskov et al. 1978)
the magnitudes Mpy, and My for all the events were re-estimated
on the basis of short-period and medium-period observations of
the vertical component of P waves. The short-period observations
are approximately simulated by A,m., in the output of filter I
and the medium-period observations by A,n., from those filters
for which the maxima of the APB diagrams are observed. The
HMS magnitudes, rounded to 0.05, are given in Table 3 without
applying the station correction of KHC. It can be seen that for
TSB events the agreement between Mpy, and My is fairly good,
the maximum differences being smaller than 0.15. On the contrary,
for NEC events the differences between Mpy, and Mpy are up
to 0.75 of the magnitude unit. These discrepancies can be explained
by the more intense decrease of A,n,, values in the short-period
range from the maxima of the APB curves for NEC events (see
Fig. 3). The differences between magnitudes m, and the HMS
magnitudes Mpy,, Mpy are caused by the different magnitude level
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Table 3. Short and medium period HMS magnitudes for the verti-
cal component of P waves

Event Moy, Mpy Event My, Mpy
TSB 1 6.85 6.9 NEC 1 6.5 7.25
2 5.55 5.65 2 5.25 5.65
3 5.65 5.8 4 6.4 7.15
4 5.35 5.45 S 5.2 -
5 6.3 6.25 6 4.95 5.35
6 6.35 6.3 7 4.9 —
7 6.0 5.85 8 5.3 5.55
8 5.35 5.45 9 6.25 6.45
9 5.7 -

for the Eurasian HMS in comparison with the ISC system of
magnitudes (for details see Vanék et al. 1978; Christoskov et al.
1978).

The study of times of occurrence = of maximum velocity ampli-
tudes reveals that in the short-period and intermediate-period
range up to the band from 11.5 to 23 s the quantitiy t usually
is below 30 s for both P and S waves. This observation supports
the recommendation accepted by the IASPEI Commission on
Seismological Practice (1973) at the XVth General Assembly of
the I.U.G.G. in Moscow. According to this recommendation mea-
surements of (A4/T)may for the determination of body wave magni-
tudes should be carried out in the range of 25s from the wave
onset. However, for the long-period range an increase of 7 up
to 70-80 s may be considered.

Conclusions

From the study of amplitude-periodband diagrams of P and S
waves obtained on the basis of filtered broadband records for
two sequences of shallow earthquakes from the Tadzhik-Sinkiang
border and from North-eastern China the following conclusions
can be inferred.

The general shape of the APB diagrams for the Z, NS, and
EW components of P and S waves is similar for both regions.
The diagrams are characterized by a pronounced maximum in
the range of intermediate periods. The largest maximum velocity
amplitudes for the regions investigated are observed in the period
bands from 2.2 to 10s for P waves and from 3.4 to 23s for
S waves. Because earthquake magnitude estimations are based
on the principle of the largest amplitude of the wave group, obser-
vations in these period-passbands should be used for magnitude
determinations from P and S waves. Exceptions constitute earth-
quakes with an anomalous behaviour of APB diagrams (e.g., Ro-
glinov et al. 1978). This conclusion applies for shallow events in
a limited magnitude range (5.0 <m, < 6.5) and its general validity
must be verified by further investigations.

A shift of the maximum of APB diagrams towards longer
periods, observed for earthquakes with m,, > 6.0, and its indepen-
dence on magnitude for m,<6.0, seem to be related with the
process of wave generation in the focal region.

It is observed that the time of occurrence 7 of maximum velo
city amplitudes usually is shorter than 30 s for the short-perioc
and intermediate-period band, and up to 80 s for the long-period
band.
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