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Technical instructions for extracting Level 1 parameters

at seismic stations

In this appendix a detailed description is given of how Level 1 data
should be extracted from SP and LP instrument recordings at stations of
the global network. Reference is made throughout to parameters specified
in Tables 3.1 and 3.2. By necessity, this appendix is written in a
rather technical language, and the reader is referred to Chapter 3 of

CCD/558 for a non-technical description of the basic principles involved.

A3.1.1 General specifications

(i) Time
Most modern seismograph stations maintain a timing accuracy of
0.1 secends; however, it may become temporarily more uncertain.
In that case the timing uncertainty should be reported.
Because of the high accuracy of time measurements the problem
of instrumental time delays must be noted. For WWSSN-SP instruments
at 1 Hz: phase delay time is about 0.3 s, greup delay time is
about 0.4 s.

(ii) Seismographs are roughly divided into two classes:

1. Short period (SP) instruments having peak response at
periods of the order of 1 second or lessy

2. Long period (LP) sy:stems with peak response at longer
periods, up to 30 s or more; long-period instruments
are here taken to include also those generally termed
medium-period or broad band.

Note, however, that modern digital broad band stations have the

capability of extracting signals in both the SP and LP bands.

(iii) Seismic noise is measured in the different period ranges

corresponding approximately to the frequencies of main seismic
signals, i.e., on records of SP seismographs (T = 0.2 - 1.0 s)
and on records of LP seismographs (T =2 - 8 s and T = 10 - %0 s,
respectively). All measurements are made in the section of

the recording preceding the first arrival.
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A3,1.2 Standard parameters reported by participating staitions from

short-period vertical seismographs

1. First arrival

On a visual record first arrivals are defined by a certain change in
amplitude or phase. The time reading, after being corrected, is given in
hour, minute, second and tenth of a second in Universal Coordinated

Time (UTC). . Some stations may be able to report one-hundredth of a second.
If the applied time correction is uncertain (clock problems) by more than
tO.l s 1t must be reported in qualitative rcmarks. The first arrival should
always be identified, if possible, by one of the standard symbols. The
symbols (phase codes) used by the Interantioanl Seismological Centre are

recommended.

2. First motion sign and clarity

The clarity of the phase should he denoted by i if it is readable to an
accuracy of at least i0.2 s, and by ¢ if it is more uncertain, between
t(0.2 and 1.0) s. Note that e and i denote the accuracy of the timing
rather than the character of the recording which may depend on the paper
or film speed. If the uncertainty in the onset of the first arrival is

greater than ¥1.0 s, (e) should be used.

Direction (or sign) of the first motion on the vertical SP and LP components
(C or D, U or R) should be reported (see also subitem 23 below). In

cases of complicated wave patterns (small onsets followed by large onsets)
the first visible motion is read. Do not report the direction if in doubt.
If possible the first motion on the LP horizontal components should also be

reported. First motion notations:

short-period compression
short-period dilation
leng-period compression

long-period dilation

< W g g Q

long-period movement on the NS component, direction to the North

(the code W cannot be used because PN would then be ambiguous)

o

ibid., direction to the south

=

E-W component, direction to the east

W ibid., direction to the west.
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The clarity index precedes the vhase identification, the first motion
index follows it. The first motions from SP and L® instruments do not

need to agree.

3. P-wave amplitudes

Ground amplitudes A; of the first phase are to be determined from

maximum trace amplitudes using the instrument's response curve. Trace
amplitude is measured as the center-to-peak deflection from the median

line or may be obtained by halving peak-to-trough deflection of symmetrical

waves.

The ground amplitudes are reported to a precision of 0.1 nanometers
. ~10
(i.e., 10

of seismographs is 5-10%, it is understood that the amplitude cannot be

meters). Since the upper limit for an absolute_calibration
measured with a better accuracy. The amplitudes for the first phase
should be measured to the maximum deflection within the intervals, 0-6 s,

6-12 s, 12-18 s and 18-300 s, according to the duration of the wave group.

4. Associated times

The time associated with each reading of amplitude and period is reported;

it shoull be measured as illustrated in Figure A3.1.1. -

5. Associated periods

Periods corresponding to each Ai are measured at zero crossings or
between two neighboring peaks or troughs. Periods should be read to

one-tenth of a second.
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6. Seismic noise amplitude

The maximum noise amplitude at a frequency close to that of the signal should
be measured and converted to ground amplitude in nm. This amplitude is
measured within 30 seconds before the first onset and reported for each event.
The signal-to-noise ratios can then be determined using 4, (sub-item 3) at

data centers.

Te Noise period

The period corresponding to the maximum noise amplitude is measured in a way

similar to that described under 5.

8. Secondary phases

A standard notation for all phases is that used by the International
Seismological Centre., Arrival times of identified but also clear unidentified
secondary phases should be reported. Hour is reported only if it is not the same
as the hour of the preceding phase. Identification of phases is more confi-
dently carried out at data centers; however, advantage should be taken of
experienced interpreters at individual stations. TFor the clarity i or e are
used. Ilieasurements of arrival time, maximum recorded amplitude and corresponding
period of secondary phases follow the same rules as mentioned under 1, 3%, 5;
however, only one maximum amplitude is measured. It is important that among

secondary phases pP and sP are reported.

2; Complexity

10. ©Spectral moment, ratio or vector

There are no standards for calculating the parameters under 9 and 10,
Before a universal agreement is reached, it is recommended that stations
computing these parameters should describe the procedure they use. Note
that the complexity and spectral ratio parameters will be reported only by

certain stations of specialized capabilities within the global system.



CD/43/4da.1

- 4
DOTE O

‘3.1.3 Stendard parameters to be reported from short period horizontal seismographs

11. Phase identification and arrival time of the . wave

The time is revorited to 0.1 s.

12, Clexity of the 3 phase

Reported as 1 if readable to an cccuracy of 1.0 5 or better, as e othervize. Note
thou the S phase onset ig geldom, if ever, legible to within the + 0.2 S recuired

for using claritv index 1 for P-raves.

(&

-

1%. Ieximumamplitude of short period <

Measured within the first 10 seconds of the S vave for hoth the KS and E'7 components.
The respective arrival times should not differ by more than one half signal wperiod,

so that the amplitudes can he combined vectorizlly.

4. Corresnondin; rrrival time

Reported for both componentc in hours, wmin, s.

15. Correswonding period

Reported to C.1 g precisaion.

,
)

Secondery phase descriptions

%

[

Reported es under item 2.

"S.1.A Ldditionsl stenderd poremeters from erreyes of short period vertical

selomographs

This category of pearameters concerms arrcys of vertical short -Heriod seismographs,
including arrcys of digitel broad ben ceismographs with short period filtering
cepavilicy,

0

Lzch arrey station repcrting the following varameters (17, 18, 19, 20, 21),

should publish =2 description of itg procedures of determining these cuantities
hefore standardized guidelines are elaborated. The parameters nos. 17 snd 18 will

he used for locating events at the dats centers, using an agreed travel-time
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derivative table for this »urpode; it is theérefore not essentizl for each array

station to »nroduce and renort the porameters wnder 19 and 20,

17. ELppocrent slovmess

Determined vith the precision 0.1 s/dez. At medium aperture arrays the slowmess
and direction of an arxviving P vave could be obteained as a lezst gcouares it of
arrivel times, or time differonces, to & weve front. It can also be cbtained

7ith lover accuracy by fixed secrch programs.

13, Loicenter agimuth end distance

0 .. C e .
Reported to 0.17 or to the cccuracy that is judged to be realistic in cach case.

Note that the asimuth corresponds to the station to epicenter direction.

19, Imicenter latitude and longivude

. . . o , ; .
The ewicenver coordinetes should be xmeported to 0.17 oxr to the =zccuracy that is

Judzed to he reelistic in ecch case.

20, Origin time

Estinated end reported as hours, minutes, seconds.

21. llagnitude
Vhenever epiconter distance is known, megnitudes will be determined using the
verticel comwonent short »neriod P vioves on’ the nrocedure recommended by the

TIASPEI Commission on Practice (Apnendix 7.2).
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A3.1.5 Standard parameters to be reported from long~period seismographs

Reporting should preferably be grouped by event, rather than by instrument
and readings of a particular phase from different instruments should be

grouped together.

Long-period P - vertical component

22, Phase identification and arrival time

Phase identification, arrival time and clarity (i or g) should be given
even if a short-period initial arrival is reported. In erder to avoid
separate reporting of long-period arrival times being treated as a new
event if different from short-veriod arrival time, one must indicate

that the same arrival is referred to. (Grouping of the reportings for the

same event would usually take care of this.)

23, First-motion sign and clarity

The comments under 2 apply here. Note that first-motion readings are

desirable also on the LP horizontal components.

24, Maximum amplitude AM

For long-period P, only one amrlitude measurement (the maximum one) is

required. Reporting precision is 1 nm.

25. Arrival time corresponding to AM

Reported to a precision of 0.1 seconds.

26, Period correspcnding to A

Reported to a precision of 0.1 seconds.

27. Noise amplitude AN

The maximum noise amplitude is measured within 1 minute before the first
onset on the vertical component, converted to ground amplitude in nm and

reported for each P-wave reading. Period range 2-8 seconds.
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period in seconds corrssponding to the maximmm moise amplitude is reported.

28, Freriod correspounding Lo i
The

2¢. Seconcary phasc &esc"%£_igj
Sce subifem 8.

Long-period S - horizontal componcnts

e
‘)\, .

Arrival time

Thase identification and arrival tine {to a precision ol 1 second) are reported

for

one component.

Pirgt-notion cloxity

subitem 12.

aximm amplisudes A

0nooan

oL

Ll

licasurced separately oa each horigontol component, rithin.the first 40-60 seconds

the S vave. The neasurencnts should be carried out at tines differing by

no more then oane half signal perioecd.

- -

Arrival times ccrresponding o pacn.&

Rencrted for both cemponents in hour, min, s.

/'!“

e w vmerue merme vo vt

Poriod corresponding to each A.

...

Reported to 0.1 s precision.

32-

Secondary phase description

Reported as under item 8.
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Rayleigh waves - vertical components

36. Arrival time of IR

The onset time of LR is hard to read and the clarity is strongly dependent
on signal-to-noise ratio. The onset time is specified to the nearest second,

but must usually be considered very uncertain.

37. Maximum amplitude A,

Amplitude of the maximum deflection is measured on the vertical component

and reported in nm.

38, Arrival time corresponding to AM

Indicated in hour, min, second.

39. Period corresponding to AM

gh

Reported to a precision of 1 second.

40. Other maxima A ___(LR)
max

Maximum amplitudes Amax(LR) with periods of 10, 20, 30 and 40 seconds

(within £ 10%) on the vertical component; reported in nm.

41. Times of the maxima A (IR)
TNaX:

Times are given corresponding to the four different maxima, with a precision

of 1 second.

42. Corresponding periods

The actually observed periods of the other maxima of LR waves are reported

in seconds.

43, Seismic noise amplitude, AN

Largest amplitude of seismic noise with period between 10-30 seconds is
measured on the vertical component within 5 minutes of the section of the

record preceding the event. The ground amplitudes in nm are reported.
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44, Noise period corresponding to AN

The period is reported to a precision of 1 second. Note, however, that
the long-period noise may be irregular and it is often difficult to

determine the period accurately.

Love waves - horizontal components

45, Arrival time of IQ

Reported to a precision of 1 second on one of the horizontal components.
Note that in the same way as for LR (item 36), LQ onsets are hard to
determine accurately.

46. Maximum amplitudes A

4L

Maximum ground amplitudes of 1@ on the NS and EW components are reported
in rm. The respective time of measurements should not differ by more

than one half signal period.

47. Arrival times of A

The respective times of AM on the two components are reported to a

precision of 1 second.

48, Periods corresponding to A,VI

Reported for each horizontal component; precision 1 sccond.

A3.1.6 Additional standard parameters fromarrays of long-period seismographs

49, Apparent slowness

Reported for the vertical component of the P-wave only. Precision 0.1 s/ﬂeg,

see also no. 17.

50. _Azimuth

Azimuth can be determined not only for large arrays with digitel
recordings, but also for small arrays by measuring the time difference on
and analog recording between the arrivals of the same wave peak in a wave
train at all stations (this applies also to No. 49). The parameter helps
to associate LP with SP data.
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51. Surface wave magnitude Mé

Magnitude based on vertical LR waves determined using the.procedure
recommended by the IASPEI Commission on Practice, precision 0.1 unit.
Measurements should be made directly from amplitude and period without

application of station corrections.

52, Magnitude MSH

Magnitude MOH based on short or long period horizontal component S.
.

measurements is determined.

A3,1.7 Qualitative remarks

It is very important that the report is accompanied by remarks of the
experienced analyst qualifying, if possible, the character of the event
as seen from the visual inspection of the record or by a more sophisticated

analysis. The following remarks are suggested:
Local: event judged to be within approximately 150 km of the station.

Regional: event judged to be within approximately 800~km.(excepting
local events)

Quarry blast: event announced by responsible authorities as a quarry’
blast, total charge in tons and coordinates should be indicated
if knowni events having a record typical for'blésté acéarding"fd
the analyst's experience should be also indicated by 'possibly

quarry blast' even if no official announcement is available.

Rock burst: event announced by authorities or qualified to this category
by a typical wave pattern. C '

Mixed events: two events overlapping and causing some confusion in
reading an interpretation; if possible, they should be identified
(local, distant, etc.).

Multiple (double) event: complex wave pattern particularly in the P-wave

group justifying such statement according to the analyst's experience.

Deeper than normal, intermediate: qualification made by the analyst if the

wave pattern and ‘amplitude ratios of main phases warrant it.

Uncertain time: if the time correction is uncertain by more than foa

because of clock problems.
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The above parameters are transmitted within double parentheses according

to the International Telegraphic Seismic Code (see Chapter 4).

A3,1.8 Signal duration DUR and local magnitude M.

In case of local and regional events, these parameters, as measured on

short period recordings, may be reported as well as amplitude and period.

A3.1.9 Down-time information

It is very important to keep records of the time intervals when a station
has been out of operation, and such information should be communicated

when applicable.
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@ ' Imax

2Amax

Figure AJ.1.1 Uliustration of rules for measuring wave amplitude, period
and Lime of maximum oscillation (a), kinematie and dvnamic
parameters of SP orecords (b) and spectral parameters of LP

records (l) .
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APPENDIX 3.2

Instructions for measuring amplitudes and periods for magnitude
determination from observations at regional and teleseismic distances

IASPET COMMISSION ON PRACTICE
SUBCOMMISSION ON MAGNITUDE

Revised draft, September 1978

Note: These instructions have been included only as a reference to ongoing
' standardization work in the seismological community, and should not be

interpreted as necessarily representing the views of the Ad Hoc group

The determination of earthquake magnitude is based on observations of
amplitude A and period T of seismic waves. It is essential for subsequent

earthquake studies to report the time that an observation of A and T is made.

The amplitude of a seismic signal on a record is defined as its deflection
from the base-line. It is important that A, T, and the time of the observa-

tion should be measured for: each of the phases P, 5, and L waves.

For many phases, and particularly surface waves, the record is symmetrical
about the base-line and amplitude may be determined either by direct
measurement from the base-line or by halving the peak-to-trough deflection.
For phases that are strongly asymmetrical the amplitude should be measured

as the maximum deflection from the base-line.

The amplitude and period from the vertical component is the most important.
If horizontal components are available, readings from these should also
be reported. They should be measured at the same time on the record so that

the amplitudes can be combined vectorially.

The period T corresponding to the amplitude A is measured in seconds between
two neighboring peaks, or two neighboring troughs, or ideally from trace

crossings of the base-line.

P-Waves

The P-wave amplitude measured should be that of the maximum trace deflection
usually within the first 25 seconds of the first onset, but this interval

may be extended up to 60 seconds for large earthquakes recorded on broad-band
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instruments. When more than one component is available, the amplitude

from each should be reported separately.

The observation time should always be measured as the time to the first
peak or trough of the trace cycle being measured. This need only be

estimated to the nearest 1 to 2 seconds.

The amplitude measured on the record should be converted to ground motion
ﬁn nandmeters using the amplitude-period response curve of the instrument.
When several instruments of the same type operate at the same station or
when several instruments of different frequency response are: available,

the amplitude and period from each should be reported separately.

S-Waves

The measurement of amplitudes and periods on the seismograms is performed

as described above. It is recommended that if possible the beginning of the
S-wave be checked against travel-time tables. The amplitude and period
should be selected in the interval up to 40-60 seconds after the beginning

of S-waves.

L-Waves

The measurement of amplitudes, periods and times of observation on records
is performed as described above for the maximum deflection and for the
largest amplitude in the 17-2% second pericd range of the surface wave

train.

The measurements for horizontal components should be carried out-at the

same time of arrival allowing for a difference of less than one period.

For large earthquakes when mantle waves are often recorded, amplitudes
and periods of the vertical and horizontal components with the period of

about 200 seconds should alsc be measured.

The observations of A and T for all phases mentioned above should be
included in station reports. Itg is essential in reporting such observations
that the type of instrument used is'clearly stated. For this, the classifica-

tion given in the 'Manual of Seismological Observatory Practice! may be
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used. Broad-band instruments are preferred for all measurements of amplitude

and period.

Note: Selsmograms can be very complicated and, ultimately, the selectlon

of a partlcular measurement must be left to the observer's experience.

Instructions for measuring amplitudes and signal durations for

magnitude determination of local earthquakes

Amplitude measureéments

For local earthquakes, i.e., those where the S-P interval is less than
2 minutes recorded on short—perlod instruments, it is not always p0351b1e
to measure the period of seismic waves so the maximum trace deflection

(converted to ground motion) and time of observation should be reported.

Duration measurement

For local earthquakes, stations should report the signal duration defined

as: the time in seconds between the first onset and the time the trace

never agaln exceeds twice the noise level which existed immediately prior

to the first onset. Very often local earthquake recordings will cause
high-gain, short-period instruments to saturate, thereby making an amplltude
reading 1mp0351b1e even for small seismic disturbances. Therefore, to provide
the data with which to derlve relations for duratlon magnitudes that are
based on signal amplltude magnitudes, ‘both types of observations should be

made on as many of the same earthquakes as possible.

As with regional and teleseismic data, the type of instrument and where
possible 'the period of the peak of the response curve used should be- -

clearly stated.
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APPENDIX 3.3

Example of a bulletin from a seismic station

Table A3,%.1 shows a possible format of a seismic bulletin and at the same
time gives an example of how it should be completed when processing a
recording of a strong seismic event. The format of a special bulletin used
at seismic stations in the USSR has been used as the basis. In the proposed
global system, the time period covered by each bulletin would normally be

one day. The table should be considered only as an example, and further work

is required for the development of a final bulletin format.

Fach sheet of the bulletin carries the name of the station, the month and
Yyear, the number of the bulletin (bulletins are numbered in sequence for
each year) and the pagé number. In addition, the time interval of the
reporting period, ‘the geoéraphical co-ordinates of the station and its

altitude above sea level are entered on the first sheet of each bulletin,

In column 1, the numbers of all the seismograms are given (a single numbering
system is used for all types of instruments installed at the station). If no
earthquakes are identified in the seismogram, the words 'No earthquakes noted'

are entered under the seismogram number.

" In column 2, the serial numbers of the recorded seismic signals in the

seismograms are listed. Signals are numbered in sequence during each year.
In column 3, the date of each signal is shown.

In colum 4, the type of wave recorded and the first-motion sign and clarity

are given. If the type of wave is not precisely determined, the designation

of the wave is placed in brackets. Clear first motion is designated by the
letter 'i' and an unclear first motion by the letter 'e'. In the event of

first arrival of the signal, the first arrival sign is indicated. A '+' sign
corresponds to upward motion (compression phase) on the vertical component

and to N and E on the horizontal componentsjy a '-' sign corresponds to downward
motion (dilatation phase) on the vertical component and to S and W on the

horizontal components.
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In column 5, the abbreviated designation of the instrument and of the

compenent for which the wave arrival time is determined are given.

In’ column 6, the wave arrivel time (hour, ainute and second) is given.
The precision of measurement of the arrival time is to 0.1 s with an SP

instrument and to 1 s with an LP instrument.

In column 7, the single (0-P) amplitude of the recorded oscillation in
the wave in guestiorn is shown in millimeters. The mesurement precision

with an SP instrument is tc 0.1 mm and with an LP instrument to 1 mm.

In column 8, the displacement amplitude for the wave whose recorded amplitude
is shown in column 7 is given in nanometvers. The precision of measurement

is to 0.1 nm.

In column 9, the period for the wave amplitude indicated in column 7 is
shown in seconds. The precision of measurement for body¥wave periods
by both SP and LP instruments is to 0.1 s and for surface waves with LP

instruments to 1 s.

In column 10, the noise amplitude for the instrument and component in question

is shown in nanometers. The precision of measurement is to 0.1 nm.

In column 11, the noise period is shown in seconds, with precision to

0.1 s for an SP instrument and to 1 s for an LP ins*rument.

In colwm 12, the apparent velocity determined for P and LR waves is given
in km/s, with precision to 0.1 km/s.

In column 1%; the azimuth from the station to the epicenter of the cvent

is shown in degrees, with precision to 0.1 degrees.

In column 14, the epicentral distance is shown in degrees, with precision

to 0.1 degrees.

In column 15, the value for the magnitude m is shown in the line where

the value of the maximum P-wave amplitude recorded with an SP instrument
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(vertical component) is entered; the value of magnitude MSH in the line
where the value of the S-wave AM recorded with an SP instrument (horizontal
component) is entered, and the value of magnitude M, in the line where the
value of the L-wave AM recorded with an LP instrument (vertical component)

is entered. The magnitude values are determined with precision to 0.1 units.

In columns 16 and 17 the values of the co-ordinates of the epicenter -

latitude (#) and longitude (4) - are given in degrees, with precision to

0.1 degrees.

In column 18, the time at the focus when the event originated (hour, minute,

second) is given with precision %o 1 s.

Column 19 is provided for analyst remarks. If possible, the type of the
event recorded ('local earthquake', 'quarry explosion', 'mixed with another
event', etc.) should be indicated under this heading.

Columns 1 to 11 contain data compulsory for all types of stations, and

columns 12 to 18 data which can be obtained only at type-IIL stations.
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APPENDIX 4.1

Proposed Coding formats for Level 1 data

This appendix gives a detailed description of the proposed transmission
format for Level 1 data. It is intended to supplement the International Seismic
Code published in the WHO Manual on Codes, Vol. I, as a special appendix. Since
the proposed Level 1 format is an extension of that Code, only features which are
new in relation to the Code are described. An example of the full text of a Level 1
report for a strong earthquake recorded at an array station is included. DNote that
this example represents maximum processing in the case of a major seismic event.
In most cases, however, the text will be considerably shorter, and will only provide
data on the P wave recorded on a vertical short-period seismograph.

Description of the format

The proposed format, which is described in detail in Tables A4,1.1 through
A 1.4, is in most respects identical to the International Seismic Code. However,
the following deviations should be noteds:
1. Numbering

The messages originating from each national facility will be consecutively
numbered starting at the beginning of each calendar year. The general form of the
number is Nyn where N is a prefix, y is the last digit of the calendar year and n is
a number of 1 to 5 digits. (The present code allows for a maximum of 3 digits).

2. Additional phase identifiers

Ag described in detail in Tables A4.1.1 and A4.1.2, several new phase
identifiers will be needed compared to the International Seismic Code. Each of
these is to be followed by the corresponding arrival time, period and amplitude in
accordance with standard practice. Note that all the amplitudes of these new
phases will be quoted in nanometers (nm).

3 Identifiers for paranetera

Again referring to the tables A4.1.1 and A4.1.2, a number of new identifiers
corresponding to specific computed parameters will be needed.

4. Later phase information

For each later phase, the maximum amplitude (quoted in nm) and corresponding
period that is associated to the phase will be reported. (This is not currently
provided for in the International Seismic Code.) TFor horizontal instruments the
component on which the measurements were made might be specified as a suffix
(E or W) immediately following the phase identifier. However, care must be taken

not to exceed the maximum length (5 characters) of a phase identifier.
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Additional comments

5 Grouping of readings

Readings from short and long period instruments for the same phase should be
grouped togethexr. WVhen the time of arrival is determined more accurately on
the SP inétfﬁmént,'ﬁhe arrival time on the LP instruments need not be given, but
the long pericd maximum emplitude identifier should be followed,as usual by its

ssociaved arrival vime, period and amplitude.

o ®
.

Reporting interval

The time interval covered by the transmitted message should be specified in
a comment field as c.g., .
((BEG APRO1 120000 END APRO2 120000)).
Note: In case of a station transmitting a group of messages, e.g., once per day,
the first message may contain the reporting interval for the entire group. If so,
the number of messages (M) in the group should be included as, e.g.,
((BEG APRO1 120000 END APRO2 120000 NM7)).
Down-time information
If a station has been out of operation, this time interval should be reported

in a comment field as OUT (date, time) followed by TO (date, time). This reporting

should be made as soon as possible after the station is back in operation.
Exemple: ({OUT SEPO2 191530 TO SEPO2 223515)).
Additional explanation may be included in the brackets as found necessary.

Concluding remarks

'In conclusicn the changes needed in the International Seismic Code in order
to accommodate the envisaged data exchange are:

- expansion of the numbering field (item 1)

== addition’ of séme 30 new allowable identifiers (items 2 and 3)

- allowing for amplitude/period information to follow later phases (item 4).
In addition, a number of new phase codes would be needed to allow for horizontal
ccmponent specification (item 4). Likewise, the reporting of direction of first
motion of horizontal components (Appendix 3.1, item 2) would necessitate several
new allowable phase codes.

Items 6 and 7 above have in this proposal been included as comments, and will
thus not necessitate any change in the established format. However, it would be
desirable to agree upon a format in which these items could be reported using
specific identifiers, and this should be given further study.

It is emphasized that the coding formats proposed hcre will need to be agreed
with other users of the WMO/GTS and also epproved by the WHO prior to implementation

in the proposed data cxchange. Further revision may therefore be necessary.
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Table A4.1.1.

Proposed identifiers for Level 1 short period parameters

Type
of Component
Viave

Paraneter

Proposed
Jdentifier

P Vertical

1.
2.

10.

(a) Standard parameters - stations

of types I, II and III.

Arrival time

First-motion sign and clarity

(if recadable)

Amplitudes Ai
(1:19 . 0'94)

Arrival times corre-
sponding to each Ai

Periods corresponding
to each Ai

Noise amplitude, AN

Period corresponding

to AN

Secondary phase descriptions

Amplitude
Period
Arrival time

Complexity

Spectral moment, ratio
or vector

b

M1X, M2X, M3X, M4Xx*

NA

*

CMPX
SPMM, SPRT, SPVT

S Horizontal 11.
12.
13.
14.

15.

16.

Arrival time
First-motion clarity

Mazimum amplitude,
on each horizontal
component

Arrival times corre-
sponding to each AM

Periods corresponding

to each AM

Secondary phase description:

Anplitude
Period
Arrival time

N7~

F

¥*

MSE, MSI:#*
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Table -A4.1.1. (cont.)
Type. ~Proposed--
of Component Parameter Identifier
Wave ’
P . Vertical . - (b) Additional standard parameters

(type .III stations only)

17. Apparent slowness

18. Epicenter azimuth and %, DIS
digtance
19. Bpicenter latitude and IAT, LON
longitude
i 20. Origin time oT
21. Magnitude m, MB

% Torm employed in the International Seismic Code should be used.

) %% Bach phase identifier is followed by arrival time, period (T) and
amplitude (A) according to standard conventions.
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Table A4,1.2
) _Proposed identifiers for Level 1 long neriod parameters
Type
of Component Parameter Proggsgd
i - - Identifier
Vave
P Vertical (a) Standard parameters -
stations of types I,
I1 and ITI.
22. Arrival time K
23, FPirst-motion sign and.
clarity w*
24. Maximum Amplitude, AM ;
25. Arrival tinme ) MLP*%*
B cprrespoqdlng to AM )
26. Period corresponding )
to AM )
27. loise amwlitude, AN NLPA
28. Period corresponding NLPT
to AN
29. Secondary phase
description:
Amplitude
Period
Arrival time
S Horizontal 30. Arrival tim: 3

31.
32.

First-motion clarity

Maximum amplitude, AM
on each horizontal
component

Arrival times
corresponding to each

Ay

Periods corresponding
to each A
11
Secondary phase
descrintion:

Amplitude
Period
Arrival time

N e e e N e N

MSLPE, MSLPN:*
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Type
of Component
Wave

Parameter

" Proposed
Identifier

LR Vertical 36.

Arrival time

. Haximum amplitude, AM

Arrival time corresponding

to AM'

Period corresponding
to AM

Maximum amplitudes for

periods near 10, 20, 30
and 40 s

Arrival time corresponding
to amplitudes for the
above periods

Actual observed periods
(item 40)
Hoise amplitude, AW

Period corresponding
to A,
1

N Mt e N N e e o N’ St N S o e

LRZ

MLE ¢

M1L,M2L,M3L,M4L**

NLPA
HLPT

LQ Horizontal 45,

Arrival +time

Maximum amplitude, AM
on each horizontal
component

Arrival times corresponding
to each
B dy

Periods corresponding
to each A,
By

)
.
)
|
%

MIOE, MLQN*#

P Vertical 49.
50.
51.
52.

IR Vertical

S Horizontal

Standard parameters -
type I1I stations only.

Apparent slowness
BEpicenter azimuth

Magnitude HS

Magnitude Moy

SLOLP
AZLP
MS
MSH

Form employed in the International Seismic Code should be used.

S

amplitude (A) according to standard conventions.

% Bach phase identifier is followed by arrival time, period (T) and
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TABLE A4.1.3

Example of a tclegraphic text transmitted from an array station
for a large earthquake

SEISMO N82351 ((BEG SEP22 180000 END SLP23 180000 MME))
ARR SLP22

IPCU 1919020
M1X19035 T3A60 M2X19112 T3,2 A53.1
113X19160 T3,5429.8 M4X19233 T3.,5 A27,2
MLP19060 T6AL4A
NT1,0 NA5.1  NLPT8 NLPALS

E PP 2247 T3.6A18.2
T8 A108

ES 30025 IMSE 30080 T4A75.2
MSN 30080 T4461.0
MSLPE 30090 T9A216
MSLPN 30090 T9A135

ESS 3711 T4,7A61.7
T12 A192

IRZ 4841 ITR5407 T22A271
IIL5637 T104135 M215311 T23A200
M3L5203 T30A105 MAL5012 T40A93
NLET20 NLPA12

1Q 4251 MLQE4302 T21A4220
MLQNA302 T21A172

CMPX 23,02 SPIT{ 2.45

SLO 4.8 AZ226 DIS94 LAT-35 ION-120 OT190541 MB6.5

SLOLP 4.8 AZLP221 M56.4 IMSHG.6

STOP



SLASHS identiras
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Table Ad.1.4
Txplanation of the text i.i Table A4.1l.3

ation of type of data (seismic)

uessage no. 2351 during 1978 for the station(s)

EI'D SEP23 180000 NI8)) This is the first message in a

the time interval indicated (UTC).

deve ol vacorded event (22 September)

ARR staticn namz
onP22 .
IPCY 1919020 - fiv

. ’
motion C -~ co

mpression on short-period seismograph;

t-motion clarity (I), type of wvave (P), direction of first

U — compression on long-

period seigwmograph), arrival time {(19h19m02.0s) in component Z
MIZ13035 ~ time of arrivel (19m03.5s) for P-wave first amplitude, Al’ in

componeitt Z
T340 -
M2:19112 13,2A53,1

component 7
[3X191€D) T3.5429.8

conponent Z
MAA1923535 T3.5L27.2
component o
050 TE Ald4 -
compoent Z,

O1,0 NS Da 1 -

corponent 7.
NOTold, NOPALS -

componeny 7

I FP 2247 T3.5418.2

T8 A108

perrod (3

MLELS

pzriod ¢

ceconds) and amplitude (60 nm) for amplitude A, in component Z
time of arrival, period and amplitude for amplitude A2 in
tirze of arrival, period and amplitude for amplitude A3 in
vime of arrival,

-

period and amplitude for amplitude A4 in

time of arrival, period and amplitude on LP seismograph,

pericd and amplitude of noise on short-period seismograph,

a°d amplitude of noise on long-period seismograph,

) -
)

time of arrival, periods and amplitudes of secondary

longitudinal Pr¥ wave in component Z (on short and long period instruments,

respeciively)
DE -0025 .
indicated)
MOE #C080 T4A75.2

first-motion clarity (E), vave type (S), arrival time, (component -not

time of arrival, period and amplitude for maximum amplitude

of shcrt poeriel S vave in component E

Byl 20080 T4A61.0
short period 3

IISLLE 20290 T9 A216
of long »

LWLEPIT 30090 £ A175

of long period

p;

—

time of arrival, period and amplitude for maximum amplitude of
vave in component ¥
- time of arrival, period and amplitude for maximum amplitude
S-wave (component E)
time of arrival, period and amplitude for maximum amplitude

S-wave (component IT)
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Table A4,1.4 (cont.)

B 55 3711 $ié7i§;é7 % - clarity and time of arrival, periods and amplitudes for

secondary shoar phase (SS) (componen: not indicated)

IRZ4841 - +time of arrival of Rayleigh wave in component 2

MIR5407 T224271 -~ time of arrival, period and amplitude of maximum phase in
Reyleigh wave in component Z

ILL5637 T10A135 - +time of arrival and amplitude in Rayleigh wave for 10 second
period in component Z

M2L5311 T204200 g - arrival times and amplitudes in Rayleigh wvave for,

M3L5203 T30A105 respectively, 20, 30 and 40 second periods in

11415012 T40A98 ;

NT20 NA12 -~ amplitude of noise for 20-second period on long—period vertical

component Z

seismograph

1Q 4251 - +time of arrival of Love wave in component E

INMLQE4302 T21A220 -~ +time of arrival, period and amplitude of maximum phase in
1Q wvave in component L

MLQN4302 T21A172 -~ +time of arrival, period and amplitude of maximum phase in
1Q wave in component N

CMPX 23.02 ~ ‘t'complexity! parameter in P wave recording

SPIT 2,45 - 'spectral moment'! parameter for P vaves

SLO 4.8 =~ apparent slovmess (s/degree)

A7226 ~ azimuth from station to epicenter (degrees)

DIS94 -~ epicentral distance (degrees)

LAT-35 -~ 1latitude (degrees) of epicenter (- = south)

ION-120 - 1longitude (degrees) of epicenter (- = west)
0T190541 - origin time (19h O5m 41s)
MB6.5 ~ magnitude, determined for short-period P wave

SLOLP 4.8 ~ apparent slowmess of long period P (s/degree)

AZLP 221 - azimuth to epicenter from LP recordings (degrees)

M5 6.4 ~ Rayleigh wave magnitude on LPZ seismograph

MSH 6.6 - S-wave magnitude on long-period horizontal seismograph

STOP ~ end of communication
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APPENDIX 4.2

A study by the WHO on the routing_and transmission of

seismic data Slevel 12 over_ the Vorld Meteorological-
Organization Global Teleommunication System
(wric/GTS)

Background for the WMO study

i

Before.presenfing the study by the WMO, we give below a brief introduction

and a description of the input data provided for the study by the Ad Hoc group.

In the Ad Hoc group's report CCD/558, four examples of seismic networks were
considered, each corresponding to a different assumption regarding the
avallablllty of stations, Each network was restricted to 50 short period (SP)
and 50 long period (LP) stations.

Table 4.2.1 lists the stations included in at least one of the four networks.
The possible routing of Level 1 data through the GTS circuits is indicated

for each station.

For the present study, it was considered desirable to get an assessment of

the GTS routing of data from all of these stations but without having to make
a separate study for each network. Therefore thls study considers all stations
xtaken tOgether. ”The resultlng.'network' of 76 SP and 76 LP stations is of

course larger than any of the network examples and the conclusions of the study
would be 1nterpreted accordlngly.

For example, the statlons of this extended 'network' in North America and
Europe are essentially those of Network I. The corresponding load on the
regional GIS circuits would therefore be similar-to what would happen if

Network I were implemented,

On the other hand, for South America and Africa, the 'network' stations are
essentially those of Network III,  Therefore, the study of-the lime capacity
in these areas would mainly be relevant for Network III and Network III (SRO).

The expected volume of data reported from each station is highly dependent
on the seismic activity, which varies considerably from one day to another,
The input to this study was taken to be a 'high' activity day, i.e. a volume
of data that woplévtypically occur only & few times per year. Information
obtained from the experts of the Ad Hoc group indicated that a reasonable
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estimate of such a load would be: 50 earthquakes for each station during a
24-hour period, 20 of which would be large enough for long period parameters

to be reported.

At stations which employ an automatic detector there is the possibility of
false detections being generated. It is 2t present not possible to accgrately
agsess the vblgme of data generzted by such false detections, but it‘is
assﬁﬂea%héfé-that this volume will be small in comparison to that generated

by real events. This question does, however, merit further study.-

We assume that each event is reported as a separate telegraphlc message, and
that the average length of each message is as follows (statlon designations
refer to Table 4.2.1):

SP station (&) 200 ch/message (50 messages/day)
LP station (B) 300 ch/message (20 messages/day)
SP & LP station (C) 300 ch/message (50 messages/day).

The WMO study is now presented.

Routing and transmission of seismic data (Level 1) over the World lMeteorological
Organization Global Telecommunication System (WND/GTS)

1. According to the information available from the Ad Hoc Group of Scientific
Experts to Consider International Co-operative lieasures to Detect and Identify
Seismic Events, seismic data from stations of 50 different countries will have
to be transmitted over the CTS. Each type of seismic station arid éhe volume
of data expected to be transmitted from each type of station, as welivas

number of each type of station, are as follows:

Station instrumentation Volume of data No. of stations

" SP only 10.000 ch/day 19
LP only 6.000 ch/day 19
SP & LP 15.000 ch/day 57

This volume will not be constant and will on the average be much lower.
However, it is assumed that the total daily volume of seismic data to be
transmitted over the GTS would reach 1.159.000 characters.
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2. In order to develop the routing arrangements for handling thé required
seismic data, the volume of data to be inserted by each GTS center and time
required for transmitting data over the GTS circuits have been estimated.

Table 4.2.2 shows the vélume of data to be inserted by each GTS center as well
as routiﬁg on the GIS, transmission speed and time in this respect, The routing
arrangements have been developed taking into account the present routing of
meteorological information on the GTS as prescribed in the Manual on the GTS.
Each center on the Main Trunk Circuit (MIC) is responsible for collecting

seismic data from the originating centers as listed in the table.

3. It should be noted that certain circuits might not be able to accommodate
the required seismic data due to the heavy traffic of meteorological information
which is already transmitted over the circuit concerned. Furthermore, some

GTS centers which are not conmnected directly to a center on the MI'C will transmit
seismic data via other GTS centers. Therefore, the centers responsible for
relaying information from other centers to the MIC center will handle a large
amount of seismic data. Automated GTS centers will handle seismic data within
a few minutes, but manually operated centers will take a longer time for
relaying the data from other centers to the MIC centers. The relay time cannot
be accurately estimated due to the various procedures employed by each
particular center., Therefore, in such cases the term 'relay time' is mentioned

together with the transmission time in the table.

4. For the purpose of this study, the WMCs Moscow and Washington were taken

to be international seismic data centers; therefore, all available seismic data
will have to be transmitted to these two WHCs. The routing plan on the MTC has

been developed, taking into account the available high-speed MTC segments.

In the table, the total volume of data inserted by the MTC center concerned

is indicated together with the transmission time for a particular MIC center

to the adjacent MIC centers. The total volume of data contains the accumulated

volume which is transmitted from the upper-stream MTC center.

5« As seen from the table, difficulties are foreseen in transmitting seismic
data over certain GTS circuits operating with the moduletion rate 50 or 75 bauds,
in particular relaying of seismic data from one center to another will cause
considerable handling time at certain manually operated centers. These problem

areas could be summarized as follows:
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(a)

(v)
(c)
(a)

Western and southern parts of Region I (Afrlca), €.8. Central African
Empire, Ivory Coast, Ethlopla, (Kenya and Southem Rhodegia;

South-western part of Region II (As:.a), e.g8. Afghanistan and Iran,
Some parts 6f Region”IIT (South America);

Some parts of Region v ‘(Souﬁfh‘-:v‘;lest Pacific), e.g. New Zealand and
Indonesia. ' ‘ O
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APPENDIX 4.3

Present state of the Global Telecommunication System (GTS)
of the World Meteorological Organization (WMO

The current state of the main trunk circuits of the GTS is shown in Figure A4.3.1l.

The number of characters that can be transmitted on different speed circuits is
shown in Table A4.3.1.
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APPENDICES TO CHAPTER 5



APPENDIX 5.1

International Data Post
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List of co-operating countries (February 1979}

Cownbry

*ARGENTINA
*AUSTRALIA
*BELGIUM
*¥BRAZIL -
*FRANCE

*GERMANY

(Federal Republic)

HONG KONG
*JAPAN"

KOWATT
*NETHERLANDS
SINGAPORE
#SOUTH AFRICA
SWITZERLAND
*TATWAN
¥UNITED KINGDOM
*UNITED STATES

(*CANADA

s,D

S,D

S,D

S,D

S,D

S,D

s,D

s,D

v

Internal Linking Service

PUERTA A PUERTA

PRICRITY PAID

DATAPOST

SERCA

POSTADEX

DATAPOST

SPEEDPOST

BUSINESS MAIL

MUMTAZPOST

EXPRESS MAIL

SPEEDPOST

PRICRITY MAIL

SERVICE POSTALE

RAPIDE

SPEEDPOST

DATAPOST

EXPRESS MAIL

Service of the Argentine Postal
Adninistration

Service of the Australian Post
Office

Service of the Belgian Postal
Administration

Service of the Brazilian Postal
Administration o

Service of the French Postal
Administration

Service of the German Postal
Adrinistration

Service of the Hong Kong Post
Office

Service of the Japanese Post
Office

Service of the Kuwait Postal
Administration

Service of the Netherlands Postal
Administration

Service of the Singapore Postal
Administration

Service of the South African
Postal Administration

Service of the Swiss Postal
Administration

Service of the Taiwan Postal
Administration

Service of the British Post
Office

Service of the United States
Post Office

Shortly to be linked)

* Listed in Table 4.1 of seismograph stations, CCD/558. +Tokyo and Osaka only,
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Notes:

1. Type of service : International Datapost offers two kinds of service

for business mail (which covers magnetic data tape): these are
'Scheduled' (S) or !'On-Demand' (D).

The Scheduled service operates for regular, repetitive requirementéibﬁ“
given dates and days and usually includes door-to-door collection and .
delivery in the collaborating countries. The On-Demand service caters
for non-regular requirements; collection and delivery services are not
usually provided and users hand in or collect items from nominated

postal centers in each country.

2. Transit time : 1-3 days, depending on distances, etc., but next-day

delivery is normal between major centers. As an example of a longer
distance route over which seismological data is routinely sent, magnetic
tapes posted in Brasilia on Monday evenings are delivered in Edinburgh,

Scotland, on Thur;dgy morning.
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APPENDIX 5.2

v ———.

"Kll4exchanged waveforms should in general be supplemented with sufficient
informatioh so that no misunders*anding can arise with respect to station
identity, type of'déta; éampling‘rate, time and amplitude scale and time

interval covered. The Yfollowing calibration information should be. transmitted

with’ the waveforn daia.

1. For seismographs with analog galvanometric recording

(a) Dimensionless magnification {displacement sensitivy) defined

as the ratio of the peak trace amplitude to the peak amplitude
of displacement of sinusoidal ground motion at a specified
frequency. The frequency will typically be 1 Hz for short

period instraments and 0.05 Hz for long period instruments.

(b) Pnase difference in seconds between peak trace amplitude and the

corresponding peak ground displaccment for the steady~gtate

motion.

(¢) Time _corrections relative to UTC at the beginning and end of the
seismogramn.

(4) Direction of the “race deflection corresponding to ground movement
in the direction up (on the¢ vertical component) and to the north or

east (on the corresponding horitontal component) should be marked

directly on the seismogran.

2. For digital waveform records

(a) @Quantization factor (nanometers/digital vnit), i.e. the ground

displacement (at a specified frequency) corresponding to 1 digital

unit,

(b) Phase difference (in seconds) as under 1.

AT —

(c) Time correction (relative to UTC) for the beginning of the

record.

(d) Polarity of the data (positive polarity means that the ground
movement directions up, rorth and east correspond to positive

numbers on the digital records).
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Note:

Additional calibration information will be retained at each station and at

the International Data Centers, including complete phase and amplitude response
characteristics for all instruments., These files are updated regularly, as
new calibration are performed, and the International Centers may request
additional calibration measurements to be made as desired. It is therefore
not considered necessary to transmit this complete calibration information

with every requested waveform,
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APPENDIX 5,3

» 3 (\. 3
Specification of waveform recording media at some

se;ismolog; cal stations that may be included in a g}oba.l network

Table 5.3.1 conta.in:s detailed specification of waveform recording media at
most of the stations listed in Table.4.1 of CCD/558, as well as for some
additional stations that may be included in a global network. Note that
both the operational‘status and the type of equipment at these stations are
subject to change.
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Table 5.3.1.

Station Code Type (see Chapter 3) igig;gﬁf;tgggiéénd formats of

Albughuerque ALY0) Seismic Research Digital: Long period data, 3

Ankara ANTO Observatory (SRO) components, sampled continuously

Bangui BCAO (T II) at 1 sample per second., Short

Bogota BOCO ype period data, vertical component,

Chiang Mai MTO ‘sampled at 20 samples per second

Guam GUMO for detected.events only.

Mashad MATO Recording is on 0.5 in magnetic

Narrogin NWAO tape, 9 track, 800 bits per inch.

Shillong SHIO A 16-bit word is used, 1 sign bit,

Taipei TATO 11 bits resolution (66 db) and 4
bits of gain ranging (60 db).
Format is 2's complement with odd
parity, record length 1000 words
with 10 words of data.
Analog: Continuous recording of 3
long period and vertical short
period data by pen on 30 x 90 cm
sheets.

Addis Ababa AAE World-wide Standard Analog: Recording by galvanometric

Afiamalu AFI Seismograph Network deflection of a light spot on

1'Aquila AQU (WWSSN) photographically sensitive paper,

Arequipa ARE ( I) 30 x 90 cm sheets. Three components

Bulawayo BUL Type long and short period, one sheet

College COL per component with 24 hours record-

Danmarkshavn DAG ing on each sheet. Recording drum

Dugway G rates: long period - 1 revolution

French Village FVIi per houi, short period -1

Godhavn GDH revolution per 15 min.

Helwan HIW

Kabul KBL

Kevo KEV

Kajaani KJF

Kodaikanel KCD

Kap Tobin KTG

Lembang LEM

Lormes LOR

La Plata LPA

New Delhi NDI

Peldehue PEL

Quetta QUE

Scott Base SBA

Shiraz SHI

Shillong SHL

San Juan SJG

Sanae SNA

South Pole SPA

Toledo TOL

Tepoztlan TPM

Wellington WEL

Weston WES

Windhoek WIN


file:///iith

Table 5.3.1 (continued)

Station Code Type (see Chapter 3)

i e e o
Alaskan Long AIPA Long period array

period array (Type I1T)
Eilat EIL High gain
Kipapa KIP  Long period (HGLP)
Ogdensburg OGD (Type 1I)
Toledo TLO

Hagfors HFS Short period array

with associated
long period

instrunments
(Type III)

Norwegian NORSAR  Short period array
Seismic with associated
Array long period

instruments

(Type III)

CD/43%/7dd.1
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Specifications and formats of
recording media ’

Long period data only.

Digital: 0.5 in magmetic tape,
9-track binary, 1600 bits per inch
(556 or 800 bits per inch with

7 tracks available).

Data and identification information
are in 65-word records, 32 bits

per word. /An identification record
precedes, 21 (7 x 3) data records.
Data is written in IBM floating
point format.

Long period data only.

Digital: Continuous sampling, 3
components, velocity (one sample

per 5 records) and displacement

(one sample per 5 records).
Recording is on 0.5 in magnetic tape,
7 track binary,, 556 bits per inch,

3 characters (18 bits) per sample,

15 bit resolution, 2000 samples per

d,
ﬁ%gﬁgg: Recording is similar to
WWSSN station, but the magnification
is considerably higher.

Digital: Long period data, sampled
continuously at one sample per
second.

Short period data are sampled at
20 samples per second for auto-
matically detected events only.

Recording is on 9 track, 800 bits
per inch industnycompatible tape.

Digital: , Data’ c¢ontinuously recorded
on 9 track, 1600 bits per inch
magnetic tape. Short period data
are sampled at 20 Hz, long period
data at 1 Hz. All data are retained
for 1 year. Tacilities exist for
conversion to other formats.
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Table 5.3,1 (continued)

Station

Graefenbergs

Eskdalemuir

Finnish
Seismic .rray

Alice Springs

Charter Towers
Kzbul
Matsushiro

Warramnga

KA

JYSA

LSP

CT.O
KBAO
1470

Typc (see Chroter 3)

Broad-band array

(Type III)

Short period arrzy

wvith associated
long period instrum
ment

(Type III)

Short period e.ray
with associated
long period instru-
ment

(Type III)

Snecifications and formats of

recordinﬁ‘media

Diritals 9 tracgk, 800 bits per
inch (1600 bpi optional) megmetic
tapc °

Format: each block contains 10
scconds of data., Sampling rate
20 samples per second,

Digital: 0.5 in magnetic tope,

9 tracks, 800 bits per inch, IBu
file structure.

Short period data. Two partial
array sums, for detected events
only, sampled ot 20 samples per
second, or continuously recorded
raw data from 20 array channels,:
digitized at 20 samples per second,
Long period datn., Continuously
recorded, vertical component,
digitized at I sample per second.
Digital: GShort period data are
continuously rccorded on instru-
mentzl tape in scrial form, one
track, 2400 bits per inch, sampling
ratec 20 samples per second.

Long period data digitized at 1
semple per sccond. Frcilities
cxist for conversion to other.
fornats, e.ge 9 track, 1600 bpi

"magnetic tape.

Stenderd short period
(similar to WWSSN)
(Type I)

Abbreviated Scismic
Rescexrch Observatory
(aSRO)

(Type II)

Shert period array
with associatcd long
period instrunent

(Type 111)

hnaleg: 3 componcnts visible
rccercing on heat scnsitive paper
300 x 900 mm sheets at 60 mn/min.,

Digital:. Converted HGLP - long
period data, 3 components, sampled
once pcr sccond, Recording is on
0.5 -in magnetic tape, 800 bpi NRZI.
Short period vertical component
recording as for SRO.

inalog: 3 IP components, visible
recording on heat sensitive paper
30C x 900 mm shcets at 60 mm/min
(SP) and 15 mm/min (LP).

Digital
hnalog See EKA
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Station

Alert
Flin ¥lon
liould Bay

Yellowknife

Glen Almond

de Bilt

Winterswik

Tode

ALE
¥FC
MBC

YKa

GACO

DBN

WTS
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Typé (see Chrpter 3) Specifications and formats

Canadian Standard
Station

(Type I)

Short period array

(Type III)

Long period array
(Type III)

SRO bore-hole com-
ponentss Canadian
recording formats

(Type II)

Long period (ZNE)
(Type I)

Broad bend (2)
(Type II)

Short period
(Type I)

of record.ng media

Analog: Recording by galvanometric
deflec¢iion of a light spot on
photographically sensitive paper,

30 x 90 cm sheets. Three components
long and short period, one sheet per
component with 24-hour recording on
each sheet. Recording drum rotes:
long period - 1 revolution per hour.
short period - 1 revolution per

1% min.

Digital: Data are sampled at 20
samples per second for automatically
detected events only; recording on
9 +track, 800 bpi industxy compat-
ible tape.

dnalog: Continuous short period
data recorded on FI magnetic tape.

Agalog; Data are reco?ded con-
tinuously on I magnetic tape.

Digital: Digitized time segments
would be available on request.

Digital:s Long period data, 3
components sampled continucusly at
1 sample ,jer second. (Short period
3-ccmponent digital Ants formots
for automatically detected events
under development).

Analog: Recorded on 30 x 90 cm
photographic paper.

Analog: Reccrded continuously on
M magnetic tape.

Digital: (Projected for 1981)
continuous recording on magnetic
tape.

Analog: Recording by pen on
30 x 180 cm paper.

Digital: (Projected for 1981)
continuous recording on magnetic
tape.
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Table 5.3.1 (continued)

Specifications and formats
of rccor.ing media

Stetion Code Type (see Chapter 3)

Geuribidanur GBA L-shapped arrsy of inalog: Recording on 1 in, 24—

SPZ instruments and  track magnetic tepe with 20

a trianguler array channels of seisnic record plus 1

of 1PZ2 instruments chennel for time., Similarly long

(Type III) period data are aleso-recorded

separately on analog tape.
Facilities for herd copy of seismo-
grems are availoable., Usually
resolution of 0.1 sec is used for
SP records and 1 sec for LP recorcs.

Digital: short pericd recording
of freguency modulated signals
at 20 HZ on 9-track 800 bpi
. magnetic tape.
Pavlikeni PVL Short and long analog: 3 component photographic
pericc instruments recording similar to WWSSN

(Type I)

Kasperské Hory KHC Broad band and short 4ineslog: Continuous recording of
) pexri~d 2 vertical short period seismographs
(Type 1I) on photographic peper, 30 x 90 cm

sheets por comp. per day, recording
speed 60 mn/min. 3 broad band
conponents recorded continuously
on [li magnetic tepe end on photo-
graphic paper, 30 x 90 cm sheet,
recording speed 15 mm/nin.

Cheia MIR Short and long Analog: continuous recording of
period instruments 3-component short period
(Type I) seismographs on photographic paper.
3-component continous SP seismograph
pen-recordings on paper
(magnification 200k, recording
speed 120 mm/min). 3-component
SP seismograph recording on analog
tape (detected events only),
3-component WWSSN LP seismograph
continuously recording on
photographic paper.

Digital (planned for 1980)
continuous recording of 3-component
SP seismograph.
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LPPENDIX 5.4

Some Digital Tepe Recording 'Standards'

The description 'Industry compatible tape'! is commonly used. It means thot
dete may be interchanged bctween computer systems of different manufacture as
long a2s the tape msed is to the same compatible standard. The standards for
negnetic tape laid down by bodies such as BEuropean Computer tianufacturers
Associction (BCA) and anmerican National Standards Institute (4NSI) define
the physical properties of tepe such s spool dinensions, tepe width end
thickness, recording mode and density and positioning of reflective strips.
They do not define tape codes or lgbel and bleck formats. Two versions of

digitel tepe in comnon use arc:

9-track, 0.5 in width, 800 bits per inch (bpi) with non-return-to-zero

inverted recording mode (NRZI), and
9-track, 0.5 in width, 1600 bpi with phase encoding recording node (PE).

Stendards for 7-track tapes also cxist (for examplc, the high gain long period
stations at Kipapa and Ogdensburg) but it is superseded by the 9-track stenderd

and is not recomnendcd,

Not all systems use the same tape code, but the nost common ways of recording
characters on digital tape are the IBM extended binery coded decimel inter-
change code (EBCDIC) or the American National Standerd Code for Information

Interchange (4SCII). Conversion routines convert one tape code to another.

The digitel labelling of tapes is dependent on the file structure arrangements
of the systems which handle them., Teopes may therefore be labelled according to
some convention (e.g. IBII standerd) or in some non-standard way, depending upon

the requirements of a particulor system.

Tepes which are used in applications not requiring a file-structured system

(e.g. field dote tapes) can be unlabelled.

The block format of the data rccorded on digitel tape is governed by the
software of the recording system; reading the tape therefore requires
appropriate software in the replaying system. Inter-block gaps on 800/1600 bpi
nine-track tepes are nominally 0.6 in, block lengths are dependent on recording

so{tware paraneters.,
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APPENDICES TO CHAFTER 6
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APPENDICES TO CHAPTER 8

Introduction

These appendices should be considered as guidelines for the further detailed
specification that has to be made of the procedures to be used at internaticnal

data centers.

These detailed specifications necessary for the establishment of the.
international data centers should be worked out on the basis of the guidelines
given in this report, past cxperience at existing data centers and idecs and
results that might be obtained from studies performed in connection.with the

possible further work of the ad Hoc group.

The specifications should include all nccessary mathematical forrmlas and date
hendling routines and listings of the computer programs to be used; Travel time
curves should be specified in detail, showing for exarple to which region and
which signal frequcncy they apply. &lso the various amplitude distance

corrections to be used in magnitude calculations should be explicity given.

One of the appendices, sippendix 6.5, has been drafted to a high degree of detail
to show, as an example, what such specifications might fina;ly look like,
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APPENDIX 6.1

Procedure for the association of short period Level 1 data
for event definition and procedure for 3-dimensional
event location

The automatic association of arrival times is the first important step
in the event definition and location procedure. The association procedure
involves a preliminary selection of those arrival times that'appear to be
associated with the same event. The sorting procedure is based primarily on
teleseismic P-wave arrival times and preliminary locations obtained from array
station data. The P-wave arrival times are associated either using a preliminary
array location or using .other P-wave .arrival times occurring within a given time
window. " This time window is estimated from the Jeffreys-Bullen travel time
model and depends on the geographical distribution of the reporting stations.
Reported quantitative remarls such as "local" or "regional” are useful in this
process, ‘Also P and S readings reported from stations at local distances may be
used provided local travel time cﬁrves are available,

The time association should be carried out qocording to a procedure which
will need to be described explicitly and in detail. Certain time requirements
should be specified for the acceptance of a group of associated phases as an
event. Requirements should also be spécified for the acceptance of‘the
association of an individual station with an event.

A minimum number of stations are required to define an event as follows:

- Four single stations, not more than two of which are local stations

- One array siation at teleseismic distance and two single stations
(with no distance restriction)

- Two array stations at teleseismic distances

To further reduce the probability of making a wrong time association and thus
create an artificial event from arrival times which happened to fit together, a
special control procedure should be cmployed. This procedure should check that
the stations which have defined an event also have a defined -~ reasonable —-
probability of detecting an event with the actual magnitude at the actual distances,
based on a priori information on the detection capability of the stations, It
should also be checked that the stations which have not reported an event do not

have a high probability of detecting an event with the actual magnitude in the actual
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region. A possible event should e.g. be declared as artificial and excluded
if a certain number of stations with high detection probabilities did in fact
not detect the event. A detailed description of this association control
procedure will ncad to be worked out.

The final locations of the events should be carried out using a
3-dimensional location procedure similar to those used at existing seismological
data centers,. A detailed description of the location procedure including an
estimate of the uncertainties in the estimated source parameters should be
elaborated. The location procedure should allow for the use of data from local

stations when appropriate local travel time curves are available,
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APPENDIX 6.2 -

Local travel time curves and the regions and distance
intervals in vhich they are apnlicable

To use stations at local distances from an event for the definition and
location of the event, local travel time curves are needed. These curves should
be tied to individual stations or group of stations and be defined in a cexrtain
distance interval. The travel times should be given as tables or as explicit
expressions.

Examples of such local travel times are given beloy.

Region: Scandinavia lat. 55° - 70°N, long. 10° - 30°L.

Station: Hagfors (HFS)

Phase Travel time (s) Distance interval (km)
Pg ~0.3 + 0.167 4 115 - 490

P 8.5 + 0.121 4 235 - 1250

Sg -1.2 + 0.283 4 115 - 1400

5 13.0 + 0,213 d 350 - 1360

d denotes distance (km) between source and receiver. The travel times

refer to surface foci events.
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APPENDIX 6.3

Amplitude distance correction for the estimation
of body wave magnitude mb

Body wave magnitude (mb) should be computed using the iormula
m = log 4 + £ (L)

where A is zero-to-peak amplitude in nanometers, T is period in second and f (/\)
is a distance correction function. The Gutenberg and Richter (1956) amplitude-
distance correction function should be used for distances (43) greater than
20 degrees. This function is shown for the PV wave in the particular case of
shallow foci in Figure 46,3.1,

At distances below 20 degrees, further studies need to be carried out, and

existing regional magnitude scales (e.g. see references below) should be studied
as part of this effort.

References
Gutenberg, B., and C.F. Richter, 1956: Magnitude and energy of earthquakes.
Ann. Geofisica, 9, 1-~15.
A survey of practice in determining magnitude of ncar earthqualkes: Summary
report for networks in North, Central and South America compiled by W.H.K. Lee
and R.J, Wetmiller, United States Geological Survey, Open-File Report 76-677, 1976.
Part 2: Buropa, Asia, Africa, Australasia, the Pacific,

compiled by R.D. Adams, World Data Center A for Solid Earth Geophysics,
Report SE-8, 1977.
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APPEIDIY 6.4

Calculation of magnitude

The discussion below is limited to the estimation of surface wave gagnitude Ms’
but the formulas and procedures are ecqually applicable to body wave magnitudes, my,

The most common way of calculating the magnitude of a seismic event is based on
straight forward averaging. From the reported zero-to-peak amplitude (A) in
nanometerseuﬁlpériqd (T> in seconds individual station magnitudes, Msi’ are
calculated according to the formula:

M, = log (4/T), + 1.66 1og»(l§:)i + 0.3
where i denotes station index rurming from 1 to the total number of stations (N) having
reported (A/T) values. A straight average value is then formed of the M_,.  The
standard deviation is also calculated os a measure of the data scatter. Values
significantly deviating from the mean, e.g. oy more than three times the standard
deviation are sometimes discarded.

From a statistical point of view mean values formed in this way can be strongly
biased. This could occur in particular for weak events uith only a small number of
observations of (A/T). In such cases this type of mean values become too large.
Maximum likelihoéod methods, which reduce the bias, have been suggested by
Ringdal (1976), Elvers (1978), von Seggern and Rivers (1978) and Ringdal (1978).
These methods, which assume that observed station magnitudes are subject to normal
distributions, combine reported amplitude period ratios with noise values at
stations where no signals have been detected. It can be noted that noise
amplitudes are included in the list of Level 1 data to be reported (Cf Chapter 3).
An appropriate maximum likelihood method to be used for magnitude estimation at
international data centers can therefore be specified. Methods have also to be
developed that give estimates of upperbound surfacc wave magnitudes for events, for
which body waves but not surface waves have been detected (Elvers, 1974).
Specifications for making such upperbound estimates should also be given further

study.
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APPEINDTX 6.5

Travel times for Rayleigh- and Love-uwaves
for continental and oceanic structures

This appendix has been drafted to a high degreec of detail to shou, as an
example, what the specifications of the procedures at international data centers
might look like.

The appendix gives initially a brief description of the mathematical formulas
used.

Table A6.5.1 gives the Rayleigh-uave group velocity (after Filson, 1974) for
continental and oceanic structure to be used for estimating the arrival times of
Rayleigh-waves at individual stations from events located from short period data.

The map shows in 5° x 5° areas the regions to which the two structures should be
applied.

A listing of a computer program for the computation of Rayleigh-wave travel times
from an epicenter tc a recording station is given in subappendix BHA.

Data for Love-waves are not included in this example, but similar tables should
be worked out for this type of wave.

Reference

Filson, J.R., 1974

Long period results from the International Seismic Month.
Lincoln Laboratory Report 1974-15, Massachusetts, USA.

Procedure for calculating surface-wave travel times

The surface w.aves are assumed to follow great circle paths from source to
receiver (distance D). The digtance D is divided into parts belonging to regions
with different group velocity curves. Thio is made by a step procedure.

In the figure the line PQ denotes a great circle path betueen source and
receiver., As is shown in the figure p and a are colatitude and longitude of P and ¢
and b colatitude and longitude of Q. I is the north pole. A point M is moved from
P to Q by increasing d in small steps. For each step the colatitude (m) and the
longitude (a+n) of M are calculated. The folloving formula is used for
calculating m:

cosm=cos d ., cos p + sin d sin p cos az

This is obtained from the spherical triangle PHM, where az is the azimuth to
0 vieved from P (d, p and az are known). The same formula applied again to PNl
gives ns

cos d = cOs p cos m -+ Sin p cos m.cosn
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The correct solution of n (positive or negative value) is chosen depending on
if az is greater than or less than 180°.

To avoid numerical pfoblems care is taken to cases when P, § or M are close to
one of the poles or when D is close to 180°. ’

The earth is divided in a grid with r (longitude) times s (latitude) number of
squares. The grid spacing is several times the increment of d. A matrix
corresponding to the grid indicates vhich rcgion each scuare in the grid belongs to.

By transforming the coordinates of 11 to matrix indices
a+n

335 e s+ 1

. . i
index 1 = e T+ 1; index 2 = 180
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the region in which M is situated is found. By summing up the number of
steps taken in sach region the distance D is divided into parts belonging
to the various regions. The travel time is then calculated as the sum of

the travel timed within the different regiops as folloﬁs:

T = D . l ki
b ¥k ¢ v

i1 1 %,¢
ki = number of steps in region i
vy ¢ = &roup velocity in region i for waves with period t

1
B A‘»

T, = travel time from source to receiver for waves with period t
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Table A6.5.1

Group velocity (km/s)

f ?eriod
(sec) Region 1 Region 2
(Ocean) (Continent)
1 1.95 1.00
p) 1.70 1,20
3 1.45 1.50
4 1.20 1.70
5 1.05 2,00
6 1.00 - 2,50
7 0.98 2,70
8 1.00 3,00
9 1.02 3.15
10 1.10 3.15
11 1.15 3.15
12 1.25 3.15
13 1.35 3,10
14 1.60 3.10
15 1.80 3,10
16 2,20 3,05
17 2.65 3.00
18 2.95 2,95
19 3.25 2.95
20 3.40 2.95
24 3.60 2,95
22 3.70 2.95
23 5.75 3,00
24 3.30 3.80
25 3.85 3.05
26 3.85 3.05
2T 5.90 3,10
8 5.90 3.15
29 3.90 3.20
30 3.90 3.25
31 3.90 3.30
32 3.95 3435




Table A6,5.1 (cont.)

Pcriod Group velocity (km/s)
(sec) Region 1 Region 2
(Oceen) (Continent)
33 5.95 3.40
54 3.95 3,45
35 3.95 3,45
36 595 3.50
37 3.95 3.55
58 5.95 3.60
39 4,00 3,60
40 4,00 3,65
41 4.00 3.65
42 4,00 3.65
43 4,00 3.70
44 4,00 3.70
45 4,00 3,70
46 4,00 3.75
M 4.00 3.75
® 4.00 3.75

cn/43/2d4.1
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JY o SUBRCUTINE TTIME(COLAF, CILONE, AZ7S5¢ DISGT, T1M, PT, NI, 1GV)

e P2n ¢

VO 3) G INGVAR JLPPLSONS TOA 202, 790100

000y

OLusH0 C

00060 C+  THIS ROUTINE CALCULATES THE TRAVELTIMES FOR SURFACE WAVES FROM AN
CourTY ¢ FVENL TO A SEISMIC SIATION.

OCLEY ¢ IRAVELTIMES AREF CALCULATED FOR UP TO FOUR DI FFFRENT SURFACF WAVFE
[CANRY IV o PERTIODS,
(ot ¢

VI ¢ THE EAPTIN 1S DIVIDED TN A MUMBER OF REGTONS, EACH REGION 1S GIVEW
o120 C A NUMBER. TO EACH! REGTION RELONGS A GROUP VELOCITY CURVE WYHIH THEF
00130 C SAME NUMBRFR AS THF REGION (THE GROUP VELOCITY GIVEN FOP PERTODS
oo BEFTWAEEN 1 ANMD 48 SECONDS) .

140 C

oVisn C THE EARTIE 1S AL SO DIVIDED IN A GPID, AND TO THIS GRID CORPPFSPOMDSG
i G) C A MAIRTX. FACH FI FMENT 1IN THE MATRIX CONTAIMS A NUMBER FOUAL 10
onlrio G HHE NUMBER OF 11E REGTON THE CORPFSPONDING SOUARF BEIONGS 10,
o010 C

udi1on C THE TRAVELTIMF 1S CALCULATFD AS THF TRAVELTIMFS WITHIN

00200 C EACH RF310ON. SO, FIRST THE DISTANCE THE SURFACE WAVFS TRAVEL WITHIN
w2iu C EACH REGION 1S CALCULATED, ASSUMING THE WAVF TRAIN TRAVEL S ALONG A
Guz20 C GREAT CIRCLF PATH (NO REFPACTION OR MULTIPATIHING). THIS 1S MADE BY
J23C C A STEP PROCEDURE I'ROM EVENT TO STATION. THE NUMBER OF STFPS TAXEN 15
NZ0 C SUMMED UP FOR FACH RESGTON AND THF MUMBER OF STEPS 1S THEN CONVERTED
wenho ¢ 1O DISTANCE.

MN268 C

OG270 €

S0 DAL B O ROTATTON:

nGacw € ALl ANGLES 1S GIVEN TM RADIANS TF NOTHING ELSE 1S STATED.

(M 300 ¢

o310 C COLAE, CLONE = COLAIYTUDE AND LOMGITUDE OF THF EVENT

320 C COLA=COLAE. CLON=CLONF

Wi330 C A7S, DIST = AZIMUTYH AND DISTANCF FRPOM EVENT TO STATION

00320 C A7=AZS

O3RN0 C 1IM(J) = TRAVEL TIME FOR SURFACE WAVE WITIHH PERIOD PT(J)

V340 ¢ PT(J) = SURFACE WAVE PERIOD (J=1 TO NL)

Y370 C NI = NUMBER OF PERIODS FOR WHICH TRAVELTIMES SHALL RE CALCUL ATED
Cl3 o € (NUMRER OF PEFRIOD MEASUPFMENTS: MAX 4)

orren ¢ 1GV = PARAMETER DENOTING TYPE OF WAVE PATH USED AT MAGNITUDEF
¢l C DETEPMIYATION (1GV=1: MORE THAN 75% OCEAMIC STRUCTURF:

141D ¢ 15V=32 MORE THAN 759 COMTINENTAL STRUCTURE: 1CGV=2: OTIERPKNIOR)
GolLoa C 1PEGCTL, 12) = MATRIX CONTAIMING REGION NUMBERS FOR ALI SOUARES
UNTRAI G I THE GRiD

WAy ¢ TIR, 12K = MAXTMUL VAIUES OF T1 AND 12 RESP. (1 IM*]ou=lHINREDR OF
AN C SOUARES IN TiE GRID)

(DAY O GRINT, GRIDL = TATTTUDIMATL AND LONGITUDINAL SIZE OF A SOUARE IN
AT C TIE GPID (1F T1u=36 AND 12M=72 A SOUARE 15 Y45 DFGREES)

0420 ¢ N2 = TOTAL NUMBER OF REGIOMNS (AND GROUP VELOCITY CUPVES)

o100 © VFLLR(1, T) = GROUP VELOCITY CURVES. THE MATRIX CONTAIMS THE GROUP
005U C VELOCITY FOR SURFACFEF WAVES WITH PERIOD T IN RFCION NUMBER 1
IH1Iu C (EH=MAX VALUE OF 1)

0020 C 1 = REGIOM NUMRER

0030 C T = PERIOD OF SURFACE WAVF (INTEGER)

00%40 ¢ N = DISTANCE FRON THE FVFMT TO A POINT M (IN DIRECTION A7S)

0050 C CM, LM = COLATITUDE AND LONGITUDE RESP. FOR POINT M

"L o) C DM = DIFFFRFMCE TV LONGITUDE RETNFFN THE POINT M AND THFE EVENT]
00570 C N = STEP S17E

0ss¢s ¢ NG = STEP S17F 1IN DEGREES

(SAL YY) P(1) = S1EP COUNTFR FOR REGION 1

W6OH ¢ PP = TOTAL MUMBER OF STEPS (SUM OF ALL P(1) WHEN STATION 1S RFACHFEDN)
00610 C PART(T) = DISTAMCF IN REGION 1 OF THE SURFACE WAVE PATH

a2y C COCE, COAZ, COD, COCM, CODM = COS-VALUES OF COLA, A7, D AND DM RESP.
00630°C SICE, S1A7. SID, SICM = SIN-VALUES OF COLA, AZ, D AND CM RESP.

G040 C TRWOPT = 2%P]

WehE C DEGKM = FUNPER OF KTLOWMEFTERS PER DEGREE. )

Wens € IT = MUINKER OF OUTPUL UNIT FOR ERROR MEGSAGES AMD WADMINGS,
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DEGRV = NURBER OF KITLOMELERSG PER DEGPEE.

A
B

T = MUMBER OF OUTPUT UNIT FOR EFRPOR MESSAGES AND WARNINGS

LL STATEMEMTS ARE STANDARD FFORTRAMN EXCEPT THOSE PRECEDED BY A LINE
EGIMNING WIT!H Cx*x

REAL PART(2), RP(2), LM, CM, TIM(2), PT(4)

INTEGEP T 2
COMMOM /LP1/IREG(36,72), VELR(2,4%)

DATA 1T/6/7, NRZ72/4 DDG/Z1V /4 DEGKMZ111.27

PATA P1/3.141593/, T11M/36/, 12W T2/, THOP1/6.283186/

SHECY TE ANY OF THE PAPAMETERS TN TU'E SURROHLTME CALL STATFRUT

1

~
)

[43)

20

S Ol OF BANGL,

IF ((:\I\L/\L'-LTCO- .()Q .C()LAE.GT. p‘ -()l’.oCL()N’"oLl 00. o()po
FCLOVELOTSTAOPTORGAZSGTLTROPT LOR,
*¥AZ5 L Te0eeORDISTLT0.OPDIST.GT.PIY GO TO BCO

FLCOEORCT VALUES TO SOME PARAMETERSG AMD GET COUNIEDPS TC ZEFO,
GRINC=PI/FLOATC(T IM)

SRIDL=TROPI/ZFLOATCL2M)
FH=MNC*xPI/180.

N=0.
DO 90 T=1,MD
P(1)=0.

COLA=COLAE
CLON=CLONF
A/=A7G

SIVE AZ A WELL DEFIMER VALUE IF DIST 1S CLOSE 10 180 DEGEFES,

IF (DIST.GT(PT=0.001)) A7=C,1

CHECK TF THE EVENT 13 CLOGE TO OME OF THE POLES.

C

I

¥l

Cc

IF (COLA.LT.0.001.0R.COLAOT.(PTI-0.001)) GO TO 650

ALCHEATE FRPEOUENTLY USEDN GIN= AMD COG=VALUES.

100 COCE=COS(COLA)

SICE=SIN(COLA)
COA/=COS(A7)
SIAZ=GIN(AZ)
CM=COLA
LM=CLON

cO TO 400

NCREAGE NISTANCE D FPOM EVENT TO POINT M WITH STEP DD.

150 bh=D+DD

AS O L STATION PEACHED WM THIS STEP?

1F (D.GT.NDIST)Y GO TO 1000

ALCULATE THE COCPDINATES (CM, [M) [FOR POINT ',

con=cosh)
SI=51H0)

A A PR SIS SR Fal LS A S AR
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LON=COL)
SIN=SIN)
COCU=COCE*CON+SICEXSIN*COA7Z

()
't CUESY By ARCEOG=ARGUNENL T5 OUL OF vrMGE,
(o ,
IF (ARS(COCYW) . CT.1.0) GO 10O 710
C *%
320 CM=APCOS(COLNM)
C
(N CHECY TF M IS CLOGE O OME OF- [1'E POL ES.
¢
IF (CYM.LT.0.0001.0R.CM.GTL(PT=-0.0001)) GO 10 720
SICM=SIN(CM)
CONM=(CON=COCE*COCM)/(STICEXSICM)
C
C CHECK IF ARCCOS-ARGUMENT 1S OUT OF RANGF.
C
IF (ARS(CODM).CT.1.0) GO 10 739
C **
350 DM=ARCOS(CONM)
C
C CHOSE THE RIGHT SOLUTIOM OF DM DEPENDING O AZTMUTH.
C

360 TF(AZ.GT.PI) DM==n

4

CALCULATE LONGITUDE OF POTHL M AND CHOSEE RIGUT IMTFRVAL.

NN N
NN

LM=CI ON+M
TEF (MJLT.OL0) LM=LM+THOP]
IFE (LG TWOPT )Y LM=LM=THOP]

CALCHIATE WHICH SOUAPE THE POINT M (WITH COORBDINATES CM, Lu)
FALLS WEIHINS THAT 1S DETERMIME THE VALUES OF THE INDICFS
[O T'E IPFG-MATRIX AMD DETFRMINE WHAT REGIONM TIHE SOUARE
BFLONGS TO (REGIONM NUMBFR=1). START WITH M = EVEMT.
JTMCREASE APPROPRIATE STEP COUNTFP.

ScOSoOcaonaa

400 TI=TFIX(CM/0RINC) +]
[2=TF1X(LM/GRIDI ) +1
IF (11T .0R.TH.CTLTIMORT2 LT ORT2.GTLE2M) GO TO 700
I=IPFGCTL, 12)
PC)=P(T)+1.
CO T0 150
C
C
c
C OUTPUT OF ERRNO2 AND WARNING MESSGAGES.
C
0 WILTTRHCTT,501) COLAF, CLOME, AZG, DIST
SO0 FORPMATCLY, Z#xx¢tARHTNGS TTIME-ARGUMFNT OUT OF PANGE:Z/
*1 %y 7 EVENT LAT, LONG 72, 2F8.5, 5X,
L4 AZIMUTTE, DESTANCE 7, 2F9.5)
cC
C NO CORRECTION OFF THE ARGUMENTS 1S MADFE,
C
GO TO 85
C
C
650 WRITECIT, 651) COLA
651 FORMAT(1X, 7#%%xEVENT CLOSE TO OME- OF 't OIS COF V=2, FON)
C
¢ MAY CAULE PR ieal Creornp iy, Lo VAL IR
I

HE (COLA LT U000 COLA=CL0)
FECCOT A T (PT=0Q 0001 )) ot szl v
Wbt
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024 70
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02490
02400
0251
0% 20
024 31
02-40
4 ;)l L,()
02461)
Q. 70
02449
02490
02600
Oore 1 )

‘.'\

e ooos

(SPaxe

'oReRoke Re ke

oo

()
C*
C
(I

-~
L

TF(COLA GTa (P1=0.001)) COLA=PTI-0.001
30 TO 100

T ApTTECIT. 700) 11, 02
T TORMAICIX e Z2xkx [ REG=APSHYENT OUT OF PANGR? T1=2, 136 2 2=/, 13)

1F THEG=ARGUMEMT IS5 OUT OF BANGE THIS STFP IS IGNORED (MO OTEP
COUMNTER 1NCPFASED).

50 10 150

710 IF (ABS(COC) LT.1.001) GO TO 715
NO LWESGASE 11 OMLY TRULHCATION ERROR,

SRITHCTITS 711) coce
THE FORMNVTONY. . 2%+ ARCTOS=ADPGUYENT OUT OF RANGE: COUCu=/, [12.R)

TP ARTCOLG=AROIEERRT 1S5 O OF RANGE, 1T 15 CORPECIED 10 +1, 012 =1,
PEGPECTIVELY IvDEPedDENT OF 1HE ACTOAL VALYUE, AMPR THF EXECUTTOM
I5 COYiiineh. .

712 COC =815, COC
S0 10 340

(20 Wl IECIT, 721) CM
(21 FORMATOIX, Zx%*M CIEAD ONEF OF THE POLES: COLA[MsZ, F12.8)

GIVE DM A WELL DERTNED VALDE.

NM=0.
CO TO 360

730 11 (ARG(CCY) LT 1.901) GO TO 735
MO MESSAGE TR ONLY TPUMCATION Fpnop,

WRITH(IT, 731) COM
731 FORMATOIX, 24+ *#ARCCOS=ARCGUNMEMT QUT OF RAMGE: COMZ, F12.R)

115 ARCCOS=ARGUMENT 15 OUT OF RANGE, 1T 15 CORPECTED 1O +1, Ok =1,
RESPECLIVELY IMDEPENDEMNT OFF L1E ACLUAL VALUE, AND THt EXECUTTON
1S CONITTMUED,

735 COM=GT6GMI1. . COM)
GO TO 350 '

CALCUIALE THE DISTANCF IN DIFFFPEMT RECIONS OF THE WAVE PATI,
FIRSt, SUM UP THE TOTAL MUMBER OF STFPSG.
OO0 Pp=0,
DO 1001 1=1,Mp
001 PP=PP+P(])
DO 100 I=1,MR
CO% PART(T)=P(1)*DIST/PP

SALCULALE [7E ITRAVELLTYE AL THE S OF THE TUAVELTIMNES IV 1
f‘lH'i"’}‘ll RECTOMS e D MULTIPLY RY A COVSTAM | [FACTO2 TH CF§ TS
LIvE 1y GRCorng,
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Ge t . arEerid MEGLUMS . AND MULLIPLY RY A CONGTART FACTO® TO UF1 THE T
0250 C [IMF 1N GECONDSG.
I261 5 O

SPIP] ro 1100 J=1, 4

RO YYYO 1Y A0 =0,

02¢1) no o 11ss J=1, M

020450 [=1171TXCPTC))+0 %)

D266 DO-1i9H8 =44 M0 T

0261 HES) T =TIVCI)+PARTC(I)ZVELR(T, T)

02670 TIM(I)=TIM(I)I*DECGKU*130 . /P1

J2 () 1155 COLNTINUF

I27C0 C

o201 C

Q272 Cx COMVERT TO TENT!I OF SECONDS RY MULTIPLYING RY TEM.
02730 C

0274 DO 1160 J=1, ML

0274 1160 TIA(I)=TIM(J)I*I10Q.

027459 C vt

: . C

21 3 G+ CALCULATE VALUE OF 16V DEPENDIMG ON WAVF PAT!.
Q27er ¢ IGV=1 FOR “OPE VAN 7% OCFANIC STRUCTURE
g2t 0 ¢ 16V=3 [FOR “OrL TUAN 75% CONTINENTAL STRUCTURE
Doy o 16V=2 OTHEPYWTSH

D20 €

DI ISR GPAPI=PALTCH) 71 GT

D2 " [6V=p

g 195 (SPAPL.CT.OLTH) [OV=1

02t () 2 (SPAPT.LT.0.25) 16V=3

Qp-7.)

D) ¢

' ' e (UPH

DA FNDY



cn/43/%4d.1
page 80

APPENDIX 6.6

Automatic process for the association of long-period
surface wave data with events located from
short-period obsexrvations

A procedure by which reported long-period surface wave data are associated
with events located from short-period data should be used at international
data centers.

The travel times for long-period Royleigh and Love waves from an epicenter
to the long-period stations arec estimated using the travel times given in
Appendix 6.5, Reported long-period surface wave data should be preliminary
associated with an event if the estimated arrival times of surface waves at
a certain period agree with those reported within a predetermined time interval,
To reduce the probability of making a wrong association of surface waves, a
procedure similar {o that discussed for short-period signals in Appendix 6.1
could be applied. This procedurc checks that stations to which surface uaves
have been associated also have a reasonable probability of detecting such signals
from an event vith the actual magnitude at the actual region. A detailed

description of the association control procedure will need to be elaborated.
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APPENDIX 6.7

. Example of output bulletin and data file structures

at Internatic al Data Centers

1. Example of a possible format of an output bulletin (containing basic

information) from an International Data Center for ‘one event

780120

002421.6 : 73 9. 6S - 0.1 159 3E - 0.1 28 km £ 10 BASED ON 12 STAT
SOLOION ISLANDS

NUMBER OF ASSOC., SP-TIMES 34 NUMBER OF ASSOC. LP-TIMES -8

MB : 5.1 BASED ON 6 STAT STD : 0.30

MS.,¢ 5.0 BASED ON-7 STAT STD : 0.35 '

CMPX : 1.23 SPMM : 1.21 SPVT : O -9 -18 -13 -37 STAT : ARR.

Explanations
780120 = date of event

002421.6%7.3 9.6 % 0.1 159.38 £ 0.1 28 km £ 10 BASED ON 12 STAT
= origin time, epicenter, depth with associated error estimates and rnumber

of stations used for defining event
SOLCHMON ISLANDS = region

NUIBER OF ASSOC. SP-TIMES 34 NUMBER OF ASSOC., LP-TIMES 8
= number of short period and loﬁg“perisd-arriva}"times~that'could*%e

éssociated with the event

MB : SlBASED ON 6 STAT STD : '0.30
= estlmated bodywave magnltude baséd on amplitude and period measurements
at 6 stations. Standard deviation among the individual station magnitudes

is also given.

MS : 5.0 BASED ON 7 STAT - STD : 0.35
= estimated surface wave megnitude baged on amplitude and period measurement
. at- 7 stations. Standard deviation among the individual station magnitudes

is also given.

CMPX : 1.23 SFPMM : 1.21 SPVT : O -9 -18 -13 -37 STAT : ARR.

= identification data for the event as reported from station ARR.



CD/43%/4dd.1
page 82

2. Data file formats

The data storage at-the-data centers could preferably be divided into several

data files as follows:

Station parameters and calibration data

- Input date reported from individual stations
- Output parameters obtained as a result of the processing at the centers
C - Internal "book4keéping" files

- Level 2 data files.

These data files should be identical -at the different data centers and they
should be arranged so that data are easily accessible by modern computer
techniques. Detailed specifications of the format used for the various data
files will need to be elaborated. An example of a possible structure-of

data files at intermational data centers is given at the end of this appendix.

Station parameters and calibration data file

This 1ile contains station parameters such as latitude, longitude, instrument
and regularly updated calibration data. This file should also contain
information about the time intervals during which any individual station has

Jbeen out of operation.

Input data file

The file contains all the information that has been reported to the data
centers via the WMO/GTS. The contents of this file depend on what actually

are reported from the individuzal stations as discussed in chapters 3 and 4.

Output data files

These files should contain the parameters obtained as a result of the data
processing at the centers. They should also contain all the individual
station data that are associated with an event. The output file should

furthermore contain all the unassociated data.



. OD/43/A43.1
rage 83

Internal *#book=iceeping’ file’
This file should contain a record of the processing that has been carried out

at the individual centers. It is quite similarvtb the internal data files

which are presently kept at large data centers.

Level 2.data‘file

Thié file would contain all the digital Level 2 data that have been forwarded
to the data centers as results of requests., There will algso be a need for

archival storage of Level 2 data received on non-digital form,

3. An example of a possible structure of data fileg at International

Data Centers

In the following, an example is given of a possible structure of data files

at international data centers.
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Structure and basic functions of data banks in international centres

The purpose of a data bank is:

To store all data received by the international centre from stations in the
global netwozk;

To store data processed in the centre;

To ensure the prompt supply of necessary information at the request of States
parties to a treaty on the complete and general prohibition of nuclear-weapon
tests. ] '

Figafe6;7,lgivas a schematic view of a bank's structure. The data ban's
information control system comprises the following main elements:

Input and output programmes;

Bank software (set of programmes);

Bank information fundy

Bank information retrieval language;

Information system hardware;

Information system service personnel.

The information fund can be divided into four large files, according to the

nature of the data stoved in it:
I. Focal parameters of events located by the centre;
I1. Calibration data and particulars of stations;
III. Signal parameters (Level-1 data) from each individual station;
IV. Original recordings of P and L waves of events (Level-2 data) for each
individual stationj

The basic functions of a bank's information control system are as follows:

To record seismic data on machine carriers (files I-IV);

To store seismic data on the machine carriers for the regulation periodj

To supply stored information upon request within the established time-limit

and in a specially processed form,

Depending on the operational requirements of the international centre, the
bank may be equipped with an automated data~control system ensuring the rapid
retrieval and supply of required information.

The type of data to be stored in the bank can be seen in tables 6.7.1 -~ 6.7.5.
Ei'blﬁ:fé-%lrepresents file I, which stores the focal parameters of seismic events
located by the centre. Clearly, the format to be used for data in file I should
be the same as that used for the bulletin of seismic events, which includes
22 parameters. Parameters 1 and 2 (number and date of event) should be used for

information~retrieval purposes.
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Table 6.7.2 ropresents file II, which, in addition to the specifications of
SP and LP instruments, gives some basic information about the stations
(co-ordinates, soil conditions). Pile II has 11 parameters. Parameter 1 should
be used for information retrieval.
Tables 6.7.%3and 6.7.4 represent file III - Level-1l data from all stations in the
global network. This file is subdivided into two: file ITII-A and file III-B.
File IIIqA(Tahle6.7.3)is designed to store data that have been associated with
located events; file III-B(Pable 6.7.4) is designed to store "isolated signals",
which, after appropriate processing in the centre, cannot be associated with a
located focus. Each of the two files is in turn subdivided into M subfiles
(M = number of stations). Bach subfile in file III-A contains Level-1l information
for each consecutive located event. Only the first five parameters are standard,
and the remaining data can be sent from stations in telegraphic form. The volume
of data sent in this manner will differ according to the nature of the signal
recording. Parameters 1 and 2 can be used for information retrieval.

Each of the III-B subfiles stores Level-l data related to "isolated" signals
detected at a given station. In this case, the first three parameters are standard
for all signals and may be used for information retrieval purposes. The texts of
telegraphic communications from a given station could be stored with Level-I
parameters.

Table 6.7.5 represents file IV in station No.l. It contains segments of signals
recorded on SP and LP instruments. The bank could store, for a set period,
60-second segments of P waves, 30 seconds of noise from SP vertical instruments,
20-minute segments of L waves from three-component LP instruments and 5 minﬁtes of
noise from vertical LP instruments. File IV is subdivided into M subfiles
(M = number of stations). Bach subfile stores information on each consecutive
event in connexion with which one or another State has requested information from a
station in the global network. Each event in the subfile is defined by 6 parameters,
with parameters 1 and 2 being used for information-retrieval purposes.

Input and output programmes serve to enter into the bank Level-I and Level-2

information and focal parameters obtained as a result of processing by the centre
and to retrieve listed data when a request is submitted. Level-1 information and
data from the catalogue of events should be transferred from the centre in the form
of digital files., It is probable that, initially, at least for some of the
stations, it will be in photocopy form only that Level-2 information can be

transmitted to and from the centre.
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Tahle 6,7.1
File I (focal peraneters)
—
Volume of
Mo. of Tvoe of foczl paramete Unit of hecuracy ol | dzta (com-
parameter Jpe of rocel ] N T measurement | measurement | puterwords
16-bits)
1 lumber of seismic ecvent 1
2 D-te of event year, day, 1
month
3 Origin time (T ) hour,minute, ~ 0.1 1
© second
4 Error in To second 0.1 1
5 Epicentre latitude () degree 0.01 1
6 Error g%y degree 0.01 1
7 Epicentre longitude (A.) degree 0.01 1
8 Error Cﬁk degree 0.01 1
9 Magnitude Mg (SP instrument) 0.1 1
10 Error CYP% 0.1 1
11 Magnitude M (LP instrument) 0.1 1
13 Magnitude Mo (SP instrument) 0.1 1
14 Error o’N%H 0.1 1
15 Magnitude M. (LP instrument) 0.1 1
16 Error o’I'ISH 0.1 1
17 Magnitude 1l (LP instrument) 0.1 1
18 Brror UJD% " 0.1 1
19 Focal depth (h) km 1 1
20 Error o’h km 0.1 1
21 Number of stations contributing 1
to determination of epicentre
22 Crrments 5
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Toble 6.7.2
FPile I (station parameters)
Ho. of | i N "TJ;- . Unit of Accuracy of VolEmeL?f data
aramete Type of shotion paramoter measurement | measurement (CO‘Pu“Lr
parameter easurer ' i words 16-bits)
1 _ Number of thc station 1-
2 Station latitude dcgres 0.01 1
3 Station longitude degree 0.01
4 Type of becdrock 1
5 Height a2bove sca-lavel mnetre
SP instrurent frequéncy res-
ponse: .
6 Z-component (0.25 - 10 Hz) nm-Hz 30
T NS~-component ( e " ) nmn-Hz 30
EW-component ( " " ) nm-Hz 30
LP instrument frequency res-
ponse:
9 Z-component (1 - 100 secs) nn-Hz 40
10 NS-component nm-Hz 40
11 EW-component nm-Hz 40
12 Dete of last determination of 1
instrument specifications




Table £6.7.3
File IIT-a-I (Station Ho. 1, 1dentified signals from located events)

CD/4%/idd.1

N e 2O
s g'c oY

No. of

Type of signal parameter
parameter (1owel-1)
177 7| Humber of event (Uo. 1)
2 Date of event
3 Epicentre azimuth
Epicentral distance
5 Localistation correction
for travel time of P-wave
6 Focal correction for
P-wave
7 Text of telegraphic messagg
. from station No.l concer-
. nhing event No.l as detected
. on SP and LP instruments
. {Level-1 parameters)
. . SEISIOs.. ..
Q :.l.--.l... STOP
1 Number of event (No. X)

D

“SEIS{IO - o‘.’; . STO?

Unit of
neasurement

— e -A\r—n—\‘ml}’—“;——\*——-—‘v—-—: -

year, day,
mon<sh

degree
degree

second

second

Volume of
Lcouracy of | data {com-|
neasurement | puterwords
| - 16 bits)
1
.1
0.1 1
0.1 1
O. 1 1

v
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Table 6.7.4

File III-B-I (Station No. 1, signals not identified with located events)

; Volume of
No,., of Tyve of sgignal parameter Unit of hcouracy of | data {com~
parameter (Level-1) measurement | measurement | puterwords
{-—-16-bits)
1 Number of signal (Mo. 1) 1
Date of signal year, month,
day 1
3 Arrival time of P-wave hour,
minute,
second c.1 1
4 Text of communication from
. station No. 1 concerning
. signal No., 1 as detected
. on SP and IP instruments
. (Level-1 parameter)
. . SEISMO.. ... . . .
Q ve. STOP
1 Number of signal (No. N)

SBEISMO ... STOP
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Table 6¢ t 05
Tile IV-I (Level-2 data at Station Wo. 1)
: " s Volume of
Ho., of Type of signal parameter Lf??ffjof ETqugncy daza (com:
ot . . Y B Lo cuter werds
parameter (Level 2) (seconds) | quantification i 1€ bits)

1 Number of station (Wo. 1) 1
2 umber of event (Io. 1) 1
3 Recording of P—raves on an 90 20 1 800

SP instrument (Z—component )
4 Recording of L-waves on aa

IP instrument (Z-component) 1 500 1 1 500
5 Recording of I-waves on an

LP instrument (NS-component) 1 200 1 1 200
6 Recording of L-waves on an

IP instrument (EV-component) 1 200 1 1 200
1 Humber of station (o, 1
2 Wmber of event (Wo. N)
6
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The bank software would consist of o set of information-fund control

progrermes and an information retrieval service., Data received for storage in
the bank need not be subject to any additional processing or conversion. Thus,

the bank software could be confined to deta control and retrieval programmes.

The bank information retrieval lanruage is the form in which seismic data

arc printed out., It must be based on parameters selected to suit each file in
the informetion fund., The perancters selected for information-retrieval

purposes plcy o particulaerly inportant role in the bank dato-control process.



CD/42/2dd.1
page 93
LPPONDIX 6.8

Lstimation of Level 1 and Level 2 data vclunes
to be hendled 2t International Data Centers

This appendix contains an estimate of the Level I and Level II data to be
received and processed at the centerz. The purpose of this estimate is to forn
a basis for a specification of the equipment needed at the international centers.
Note that the estimates of data volumes at Level I given in this appendix are not
directly comparable to those apecified in Appen@ix 4.2 for data transmission on the

WMO/CIS, since the coding procedurcs arc entirely different.

Level I data

The structure of an international center and the organization of its work are

closely linked with the size of the information flow into the center, and,
consequently with the volume of the information to be stored in the data bank over
long periods. Rough estimates of the flow and the volume cf data to be stored in
the center can be nade on the basis of the number of computer words (16 bits each)
required to describe a single event on SP or LP equiprent at Level I (see Tables 3.1
and 3.2). Such an estimate is given in Table A6.8.1, for the purposes of which it
was assuned that the global network will consist of 25 type-I stations, 15 type-II
stations and 10 type-III stations.

The nunmber of events recorded by stations in the global network depends on a
number of geophysical and other factors. The basic factors are:

The level of geisnmic activity at the tirme.

The level of seismic noise normally detected by the stations.

The position of a station relatively to the high-seisnic-activity zones.

The sensitivity of the cquipnent and the manner in which it is installed in the
station,

The nethods used to distinguish signals fron noise.

The nunber of signals recorded at individual stations over a 24-hour period nay
vary considerably from a few to 100 or more, depending on the factors listed above.
The wave configuration of the signals recorded at a given station is also governed
by a number of geophysical factors (magnitude, focal depth, epicentral distance, etc.).
Thus, in the case of weak events at teleseismic distances, SP instruments normally
register only longitudinal weve groups. Deep-focus events are nornmally narked by an

absence of surface waves.
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Since most of the events recorded at any given station are small in nagnitude
and have their focus in the earth's crust, most signals consist of trains of
1ongitudinalwavesx@oofded on vertical SP instrument.

Tor the sake of simplicity in calculating the data flou from staticns to a
center, it is assumed that over a 24-hour period each station records an average
of 50 signals, 30 of vhich consist only of longitudinal waves detected on
SP instrunments and the remaining 20 of which consist of P and 5 waves detected on
SP instruments and P, S and L waves detected on LP instruments.

Table 46.8.1

Volume of Level 1 data fronm stations to an
international center over a 24~hour period

: [ } .
Type Type Maximun (Recorded j Volune of | Tumber of ' Data Flow
of of ’Frequency%Wave i Data (Computer | Dvents in ;(Computer
Station IDquipment Response iTypes ;Words) for " each 24-hour | Words per
i i (Hz) ! i Dach Bvent ! period | 24~hour per.)
I . SP | 1 P : 31 : 30 % 930
Analog | SP 1 P+S 45 20 | 900
. ! ! )
Récording! LP 0.05 P+S+L | 56 f 20 ] 1 120
II ¢ SP 1 | P ; 31 30 ; 930
| Digital . SP 1 P+ 45 20 900
i Recording’ LP L 0.05 | pasen 56 20 1 120
| ‘ ' T | :
11T { 5P 1 PP ' AT , 30 1 210
hrray | SP ; 1 P+S ¥ 61 i 20 1 220
Station ! LP | 0,05 ; P+S+L ;60 L 20 1 200
v M ‘ :
3 i

Using the data provided in Table 46.8.1, it is possible to calculate
approximate over-all Level I data flou to a center from all 5C stations in the

global network over a 24-hour period.

Type-I stations: 25 x (930 + 900 + 1,120) = 73,750
Type~II stations: 15 x (930 + 900 + 1,120) = 44,250
Type-III stations:s 10 x (1,410 + 1,220 + 1,200) = 38,300

Thus, the over-all volume of data that will be received by a center over a

24-hour period anounts to: 73,750 + 44,250 + 38,300 = 156,300 computer words.
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Level II data

The approximate volume of Level II data received by a center from stations in
response to requests can be estinated on the basis of the assumption&hhich is of
course highly uncertaix) that information concerning five events characterized by
P and L waves will be requested cach nonth.

Previous calculations concerning the volume of Level IT data (CCD/558) showed
that a 60-sccond rocording of P vaves sampled 20 times per second on a vertical
SP instrunent would amount to 1,2C0 computer words, and a 20-minute three-component
recording of surface waves sanpled once a second would anocunt tc 3,600 computer words.

5

As an extension to the carlicr recoimenlations, hewaver, it would seem advisable to
include, in addition to the vaveforms of P and L waves, small cegnents of the noise
preceding the signals. In the case of SPZ instruments, a 30-sccond noisc segnent
should be taken, and in the casc of LPZ instruments, a five-minute segment, In this
case, a 90-second recording on a SP instrunent together with a 25-minute recording
on a Z component and a 20-minute recording on each of two horizontal LP instrument
will amount to 5,700 words, or slightly morc il auxiliary information is taken into
account., Thus, the total volume of Level I1 data for five events per nornth from

25 stations equipped with digital recording devices would be approximately 712,500
words., The remaining 25 stations in the assuned global nctwork do not have digital
recording facilities and would therefore transmit Level II information in analog
form and not over digital channels.

It is also possible to estimate the approxinate volume of data to be stored
in a center subsequent tc the processing of Level I data.

In accordance with the wpropored fornat for catalogucs of seisnic events, one
event requires approximately 30 computer vords. If it is assuned that, over a
24~-hour period, a center detects 50 events, cach of which is recorded by half the
stations in the global network, 1.e., 25 stations, the volume of focal-parameter data

over a 24~hour period will be: 5C x 30 = 1,500 words. The volume of agirmuth and

epicentral distance data for the 50 cvents detected by array stations over a
24~hour period will be 50 x 25 % 2 = 2,500, Thusg, thc total volume will be
4,000 words.

If it is agouned that all Level I data received by a center are transferred to
the bank for long-ternm storage (some of the data will be associated with located
events, while the rest will consist of unassociated signals), the volunme of data

received by the bank over a 24-hour pericd will bes 155,300 + 4,000 = 160,300 words.
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Since Level I data and the focal parameters of cvents will have to be stored
in the center over a long period, an estinate should be made of the volume of data
that may be expected in this connection.

In the course of one month, the total volume of Level I data, processed data
and data concerning instrument calibration parameters would be approximately

5. million words, so that in the coursc of one year, the volume of data would be

about 60 nillion words.
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APPEIDIX 6.9

Specification of the equipment to be usced at International Data Centers

(0]

This appendix contains a briel description of the equipment needed at the
individual international data centers to carry out the tasls specified for such
centers. This question is alsn addresged in the

(cen/558).

irst report of the Ad hoc group

International centers in the jlobal netvork mugt be equinped to reccive data
through 10 channels and to process, analyze anc¢ store both reported and processed
data, In this connection, the centers must be provided with sulficiently powerful
modern computers and communication equipment.

The report of the Ad hoc group (CCD/558) suggests that centers should be
equipped as follovs.

Pach center should have a main computer, vhich would process Level I data, and
two mini-computers, one of vhich vould assure communication between the center and
stations in the global network and betwveen centers, and the other of vhich would
perform back-up functions, The data center's main compuier could includc the
{following.

A central processor vith a memory that can store at least 100,000 computer words

and a calculating specd of at least one million instructions per second,

Mass storage on disk for data and programs, vith a capacity of at least

50 mpillion computer words.

Four magnetic tape transports for dipital recording.

Three interactive terminals.

Access to a large back-up computer (either nearby or remote) in case of a system

breakdowm.

The data archive function will require another computer vith a large memory.



