
Original: ENGLISH

CD/45/Add.l
25 Jtay 1979

SECOND REPORT OF THE AD HOC GROUP OP SCIENTIFIC EXPERTS TO CONSIDER 
INTERNATIONAL CO-OPERATIVE MEASURES TO DETECT AND IDENTIFY SEISMIC EVENTS

Appendices

GE.79-63155



-CD/43/Md.l ■
page ii "

TABLE OF CONTENTS 

Appendices

APPENDICES TO CHAPTER 3 
Appendix 3*1 «"

Appendix 3*2;

Technical instructions for extra.cting Level 1 
parameters at seismic stations
Instructions for measuring amplitudes and 
periods for magnitude determination from 
observations at regional and teleseismic 
distances

Appendix 3*3; Example of a '^ulletin from a seismic station

APPENDICES TO CHAPTER 4 .
Appendix 4.1-* Proposed coding formats for Level 1 data
Appendix 4-2;

Appendix 4 .3;

A study by the WiO on the routing and trans­
mission of seismic data (Level l) over the 
World Meteorological Organization Global 
Telecommunication System (vfilO/GTS)
Present state of' the~Global Telecommunication 
System (GTS) of the World Meteorological 
Organization (ШО)

APPENDICES TO 
Appendix

Appendix

Appendix

Appendix
APPENDICES TO 

Appendix

Appendix

Appendix

Appendix

CHAPTER 5
5 .I; International Data Post List of co-operating 

countries (February 1979)
5.2; Calibration data to be included with exchanged 

waveforms
5.З; Specification of waveform recording media at 

some seismological stations that may be 
included in a global network

5.4 ; Some digital tape recording 'standards'
CHAPTER 6
6.1: Procedure for the association of short period

Level 1 data for event definition and the 
procedure for 3-diniensional event location

6.2; Local travel time curves and the regions and
distance intervals in w-hich they are applicable

6.3; Amplitude distance correction for the estimation 
of body-wave magnitude (m^)

6.4s Calculation of magnitude

Page
1
2

15

18

21 . 

22 

31

45

48
49

51

53

59
60 

62

64

65 

6?



CD/4з/Add.1
page iii

Appendix 6.5s

Appendix 6.6:

Appendix S .J i

Appendix 6.8s

Appendix 6.9;

TABLE OF CONTENTS
Appendices
(continued)

Travel times for Raylei^- and Love-waves 
for continental and oceanic structures
Automatic process for the association of 
long period surface wave data with events 
located from short period observations
Examples of output bulletin and data file 
structures at International Data Centers
Estimation of Level 1 and Level 2 data 
volumes to be handled at International 
Data Centers
Specification of the equipment to be used 
at International Data Centers

Page
69

80

81

93

97





CD/43/Add.l
page 1

APPENDICES TO CHAPTER 3



CD/43/Ada.l
page 2 APPENDIX 3.1

Technical instructions for extracting Level 1 paratneters
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 neteork. 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.I General specifications 
(i) Time

Most modern s.eismograph stations maintain a timing accuracy of
0.1 seconds; 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 WSSN-SP instruments 
at 1 Hz: phase delay time is about 0.3 s, group 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 less;
2, Long period (LP) systems 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 - 30 s, 
respectively). All measurements are made in the section of 
the recording preceding the first arrival.



A3.1.2 Standard parameters reported by participating staitiens 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 
+0.1 s it must be reported in qualitative remarks. 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 ^ d  clarity

The' clarity of the phase should be denoted by _i if it is readable to an 
accùracy of at least io.2 s, and by e if it is more uncertain, between 
-(0,2 and l.O) 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 il.O s, (e) should be used.

Direction (or sign) of the first motion on the vertical SP and LP components 
(C or D, Ü or R) shouTd 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;

С short-period compression
D short-period dilation
U long-period compression
R long-period dilation
V long-period movement on the NS component, direction to the North

(the code N cannot be used because PN would then be ambiguous)
Y ibid., direction to the south
E E-VI component, direction to the east 
VI ibid., direction to the west.
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The clarity index precedes the phase identification, the first motion 
index follows it. The first motions from SP and L2> instruments do not 
need to agree.

3. P-wave amplitudes
Ground amplitudes of the first phase are to he determined from 
maximum trace amplitudes using the instrument's response curve. Trace 
amplitude is measured as the center-to-pealc 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 
(i.e., 10~^^ meters). Since the upper limit for an absolute calibration 
of seismographs is 5-105 ?̂ it is understood that the amplitude cannot he 
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 shouli he measured as illustrated in Figure АЗЛ.1. - -

5. Associated periods
Periods corresponding to each are measured at zero crossings or 
between two neighboring peaks or troughs. Periods should be read to 
one-tenth of a second.

CD/43/Add.l
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6. Seismic noise amplitude

The maximum noise amplitude at a frequency close to that of the signal should 
he 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 (sub-item 3) з-'t 
data centers.

7. Noise period

The period corresponding to the maximum, noise amplitude is measvired 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 hut 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 date, centers; however, advantage should be taken of 
experienced interpreters at individual stations. For the clarity i or e are 
used. Measurements of arrival time, maximum recorded amplitude and corresponding 
period of secondary phases follow the same rules as mentioned under 1, 3> 55 
however, only one maximim amplitude is measured. It is important that among 
secondary phases pP and sP are reported.

9. 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.
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3.1 .3  Standard parameters to Ъе_ reported _from short period horizo_ntal_ seismographs

11^ Phase identification and arrive.1 time of the Г wave 
The time is reported to 0.1 s.

l?_ç___

PLeported as 1 if readable to an accuracy of 1.0 s or better, as e otherxrise. Note 
th'-'ь the S phase onset is seldom, if ever, legible to x-rithin the + 0.2 s required 
for using clarity index 1 for P-waves.

13. I'laocimum amplitude of short period S
Measured xrithin the first 10 seconds of the S x̂ ave for both the NS and components. 
The respective arrival times should not differ by more than one half signal period, 
so that the amplitixdes can be combined vectorially.

■ /I. Corrcsnor.din 7 rrrival time
Reported for both conponents in hours, riin, s. ■

15g Corresponding period 
Reported to 0.1 s precision,

lo. Secondary_pha.se descriptions
Reported as under item 8.

A3j|_l_̂ £ Additional stp.nde.rd pa.rameters from ггггзгб of short period vertical
seismographs

TI13 s caAegory of paxameters concerts arrays of vertica.1 short noriod seismographs, 
i]3cluding arrays of digital broaxl ban seismographs xHth short period filtering 
capabili fcy,

Each array station reporting the following parameters (1 7 , 18, 19, 20, 2l), 
should publish a description of its proced-ures of determining these quantities 
before standardized guidelines are elaToorated. The parameters nos. 17 and 18 will 
be used for locating events at the da.ta centers, using an agreed travel-time
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derivative table for thin ригр'оаЬ7 it' ig therefore not essential for each array 
sta.tion to produce and report the parameters under 19 элй 20.

1 7 . Appcxent slo^raesG
Determinod \rith the precision 0,1 s/deg. At medium aperture arrays the slo^mess 
and direction of en arriving P ”ave could be obtained as a least .squares fit of
arrive,! times, or time differences, to a xrave front. It can also be obtained
w-ith 1олтет accuracy by fixed search programs.

10. Epicenter azimuth and distance
Reported to 0.1° or to the a'.ccuracy tlmt is judged to be realistic in each са,зе. 
Note that the a,3imutli corresponds to the station to epicenter direction.

1 9 . Epicenter la,titiide and_longitude
Tlie epicenter coordinates should be reported to 0.1° or to the e.ccuracy that is 
judged to be rea.listic in each case.

20. Origin time
EstirX’.teJ and reported as hours, minutes, seconds.

21. lihtgnitude . 
Wienever epicenter distance is leno-̂ n, magnitudes will be determined using the 
vertical component short period P waves a,n ’ the procedure recommended by the 
IA3PEI Commission on Prc,ctico (Appendix >2).

file:///rith


A3.1.3 Standard parameters to be reported from long-period seismographs

Report:rg should preferably be grouped by event, rather than by instrument 
and readings of a particular phase from different instruments should be 
grouped together.
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Long-period P - vertical component
22. Phase identification and arrival time
L,— ,--------П-111.Т-ПП . W l - . ! . .  -> dr -ninTÜ g- Ч  I -IlM - T.  .............................■■ III.......... - - И !  ~ II -

Phase identification, arrival time and clarity (î  or _e) should be given
even if a short-period initial arrival is reported. In order to avoid 
separate reporting of long-period arrival times being treated as a new 
event if different from short-period 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.)

2 3. 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 Â,,̂
For long-period P, only one amplitude measurement (the maximum one) is 
required. Reporting precision is 1 nm.

2 5. Arrival time corresponding to Â,̂
Reported to a precision of 0.1 seconds,

2 6  . Period corresponding
Reported to a precision of 0,1 seconds.

2 7. Noise amplitude
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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28_̂  Period corresponding to Aĵ^
The period in seconds corrospondiiig to the ma:cimun-noise anpli'tude is reported. 

29, Secondarj'- pliasc__descripi;ion 

See subitem 8.
Long-period S - horizonta,! components 

Arrival time
Phase identification and arrival tine (to a precision of 1 second) are reported 
for one component.

Д Pirst-vjotion_clarity

See subitem 12.

52. Harinun aiipli'nides A.,---------------   ii
lleasurcd separately on each horizontal component, i;itliin.tlie first 4C-60 seconds 
Ox the S wave. The neasurencnts should be carried oiit at times differing by 
no ШОГО them one half signal period.

Ди Arrival timos ccrrosponding to each
Pieported for both components in Iiour, min, s.

34. Period corresponding to_each
Reported to 0.1 s precision.

35^ Secondary phase description
Reported as imder item 8.
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Rayleigh v/aves - vertical components 

36. Arrival time of LR
The onset time of LR is liard to read and the clarity is strongly dependent 
on signal-to-noise ratio. The onset time is specified to the nearest second, 
hut must usually he considered very uncertain.

37" Maximxim amplitude
Amplitude of the maximum deflection is measured on the vertical component 
and reported in nm.

38. Arrival time corresponding to Â ^
Indicated in hour, min, second.

39_̂  Period corresponding to A^
Reported to a precision of 1 second.

40. Other maxima A (LR)X-----------------m a x-— -

Maximum amplitudes A^^(LR) with periods of 10, 20, 30 aлd 40 seconds
(x7ithin - 10^) on the vertical component; reported in nm.

4 1. Times of the maxima A (LR)ü------------------------ max-— i-

Times are given corresponding to the four different maxinia, 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, Â ^

Largest amplitude of seismic noise x̂ ith 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 A^

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

Love vfaves - horizontal components

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

46. Maximum amplitudes Â ^
Maximum ground etmplitudes of LQ on the NS and EN components are reported 
in nm. The respective time of measurements should not differ by more 
than one half signal period.

47. Arrival times of
The respective times of A^ on the two components are reported to a 
precision of 1 second. •

48. Periods corresponding to Aĵ

Reported for each horizontal component; precision 1 second.

A3.1.6 Additional standard parameters from arrays of long-period seismographs

49. Apparent slowness
Reported for the vertical component of the P-wave only. Precision 0.1 s/deg, 
see also no. 1 7 .

50. Azimuth
Azimuth can be determined not only for large arrays with digital 
recordings, hut also for sm.all arrays by measuring the time difference on 
and analog recording heteeen the arrivals of the same virave pealc in a wave 
train at all stations (this applies also to No. 49). The parameter helps 
to associate LP with SP data.



5 1. Surface wave magnitude
I e  ™  • -11 I « I  li I ■ ■ I  ............  S

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

CP/45/Add.l
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52. Magnitude M^^
Magnitude M based on short or long period horizontal component S- oH
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 I50 km of the station.
Regional; event judged to be within approximately 800-km-(excepting .

local events) .
Quany blast; event anno-unced by responsible authorities as a quarry' 

blast, total charge in tons and coordinates should be indicated 
if kno'wn; events having a record typical for "blasts' according"'t6 
the analyst's experience should he 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. ' ' ' ' '

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 partic'ularly 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 i 0.1 
because of clock problems.



CD/45Add.l
page 15

The above parameters are transmitted within double parentheses according 
to the International Telegraphic Seismic Code (see Chapter 4).

АЗ.1 .В Signal duration PUR and local magnitude
In case of local and regional events, these parameters, as measured on 
short period recordings, may he reported as well as amplitude and period,

A3.1 .9  Doim-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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appendix 3.2

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

lASPEI COMMSSIOIT ON PRACTICE 
ЗИВСОМЖЗЗЮЕ 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 he 
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 he measured for' each of the phases P, S, 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 hase-line or by halving the peak-to-troiigh deflection. 
For phases that are strongly asymmetrical the amplitude should he 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 
he 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 hase-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, hut this interval 
may he extended up to 60 seconds for large earthquakes recorded on hroad-band



instruments. Ш 1еп more than one component is available, the amplitude 
from each should be reported separately.

The observation time should always he m.easured 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 
in nanometers 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-Naves
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 4O-6O 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 3 second period range of the surface v/ave 
train.

The measurements for horizontal components should he 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 bf the vertical and horizontal components with the period of 
about 200 seconds should also he 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

CD/43/Add.l
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used. Broad-band instruments are preferred for all meas-urements of amplitude 
and period.

Note ; Seismograms can be very complicat.ed and, ultimately, the, selection 
of a particular measurement must he left to the observer's experience.

Instructions for measuring amplitudes and signal durations for 
magnitude determination of local earthqualces

Amplitude measur'ëments
Por local earthquakes, i.e., those where the S-P interval is less than 
2 minutes recorded on short-period instruments, it is not always possible 
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 s the time in sec.onds between the first pnset and the time the trace 
never again exceeds twice the noise level which existed immediately prior 
to the first onset. Very often local e^thquake recordings will cause 
high-gain, short-period instruments to saturate, thereby making an amplitude 
reading impossible even for small seismic disturbances. Therefore, to provide 
the data with which to derive relations for duration magnitudes that are 
based on signal amplitude 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.

CD/43/Actd.l
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Example of a bulletin from a seiamic station

Table A3.3.1 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 wculd normally he 
one day. The table should he considered only as an example, and further.work 
is required for the development of a final bulletin format-

Each sheet of the bulletin carries the name of the station, the month and 
year, the number of the bulletin (bulletins are numbered in sequence for 
each year)' and the page number. In addition, the time interval of the 
reporting period, the geographical co-ordinates of the station and its 
altitude above sea level are entered on the first sheet of each bvilletin.

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 column 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 mclear first motion hy 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 components; a '-' sign corresponds to downward 
motion (dilatation phase) on the vertical component and to S and W on the 
horizontal components.

cd/аз M d  л
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In col-щпп 3, the abbreviated designation of the instrument and of the 
component for which the \rave arrival time is dete:cminsd are given.

In' column 6. the wave arrival tame (hour, '.ainuce 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 (O-P) amplitude of the recorded oscillation in 
the w£.ve in question is shown in millimeters. The mesurement precision 
with an SP instrument is to 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 nanometers. The precision of measirrem.ent 
is to 0.1 nm.

In' column 9 о the perio.d 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 
instrum.ents 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 col-umn 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 instrument.

In column 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 3 j the azimuth from the station to the epicenter of the event
is shown in degrees, with precision to 0.1 degrees.

In column 1 4 . 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-wav̂ -e amplitude recorded with an SP instrument
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(vertical component) is entered; the value of magnitude in the line 
where the value of the S-wave A|̂  recorded with an SP instrument (horizontal 
component) is entered, and the value of magnitude in the line vrhere the 
value of the L-wave recorded with an LP instrument (vertical component) 
is entered. The magnitude values are detennined with precision to 0.1 units.

In columns 16 and 17 the values of the co-ordinates of the epicenter - 
latitude (/) and longitude ( \ )  -  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 to 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 he 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-III stations.
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АРШ1Р1Х 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 Ш Ю  Manual on Codes, Vol. 1, 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. Note that 
this example represents ms-ximum 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 
A4 .1.4} is in most respects identical to the International Seismic Code. However, 
the following deviations should be noted;
1. Numbering

The messages originating from each national facility will be consecutively 
nmbered 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

As described in detail in Tables A4 ,1 . 1  and A4 .1.2, several new phase 
identifiers will be needed compared to tbe 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 parameters

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

Por 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.) Por horizontal instruments the 
component on which the measurements were made might be specified as a suffix 
(E or N) immediately following the phase identifier. However, care must be taken 
not to exceed the maximum length (5 characters) of a phase identifier.

CD/43/'"̂ d(i,i
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Additional comments 
5» Grouping of readings

Readings from short and long period instruments for the same phase should he 
g-rouped together, Nlren the time of arrival is determined more accurately on 
the SR instrument, -tire arrival time on the LP instruments need not he given, hut 
the long period maonmum amplitude identifier should he followed.,as usual by its 
associa'oed arrival time, period and amplitude. .
6. Reporting interval . .

'The time interval covered by the transmitted message should he specified in 
a, comment field as e.g.,

((BEG APROl 120000 ЕГО APR02 120000)).
Ilote; 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 (NM) in the group should be included as, e.g.,

((LEG APROl 120000 ЕГО APR02 ,120000 Ш-!?)).
7 -, 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.
Example: ((OUT SEP02 I9153O TO SEP02 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 l)
addition of some 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 
component specification (item 4). Likewise, the reporting of direction of first 
motion of horizontal corapononts (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 vrould 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 here will need to be agreed 
with other users, of the Ш Ю /GTS and also- -approved by the VMO prior to implementation 
in the proposed data exchange. Further revision may therefore be necessary.

r-n/43/\ad.l
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Proposed identifiers for Level 1 short period parameters

Table A4.1.1.

Type
of Component Рэ-rameter 
V/ave

Proposed
Identifier

P Vertical (a) Standard parameters - stations
of types I, II and III.

1. Arrival time *
2. First-motion sign and clarity -'î-

(if readable;
3. Amplitudes A.

(i=l,...,4) ^
4. Arrival times corre­ - MIX, M2X, M3X, M4X-'-"-

sponding to each A^
5. Periods corresponding

to each A .1
6. Noise amplitude, Â ^ NA
7. Period corresponding NT

8. Secondary pha,se descriptions
Amplitude -Л-

Period -X-
Arrival time

9. Complexity CMPX
10. Spectra-! moment, ratio ЗШ4, SPRT, SPVT

or vector
S Horizontal 11. Arrival time *

12. First-motion clarity
1 3 . Ifccimum amplitude, '

on each horizontal
component

1 4 . Arrival times corre­ > MSE, MSN-"-“-
sponding to each

1 5 . Periods corresponding j
to each A^

1 6 . Secondary phase descriptions
Araplitude
Period ■vV
Arrival time -X-



Table 'A4.1 • 1. ( cont. )
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Type,.
of Component 
Wave ' ' ’

Parameter
-Proposed” ' ■■ 
Identifier

,P.-. - Ver^tical . - (b) Additional•standard parameters- 
(type .III stations only)

1 7 . Apparent sloxmess “■
18. Epicenter azimuth and 

distance
DIS

Î
1 9. Epicenter latitude and 

longitude
LAT, LON

i 20. Origin time ОТ
21. Magnitude m^

* Form employed in the International Seismic Code should he used.
-îh:- Each phase identifier is follox/ed by arrival time, period (t ) and 

amplitude (a ) according to standard conventions.



CD/43/'-dd.l
parge 26

Proposed identifiers for Level 1 long .pei'iod parameters

Table A4.1.2

Type
of

Wave
Component Parameter Propo sed 

Identifier

Vertical (a) Standard parameters - 
stations of types I,
II and III.

22. Arrival time
2p. First-motion sign and, 

clarity
24- Maximum Amplitude,
25. Arrival time 

corresponding to Â .
26. Period corresponding

2 7. IToise amplitude, Â ^
28. Period corresponding

to Д,,
29. Secondary phase 

description;
Amplitud.e 
Period 
Arrival time

MLP**

NLPA
NLPT

Horizontal 30* Arrival time
3 1. First-motion clarity
32. Maximum amplitude, 

on each horizontal 
component

35• Arrival times
corresponding to eacL
h i

34. Periods corresponding 
, to each

35- S e CO ndary pha se 
description;
Amplitude 
Period 
Arrival time

MSLPE, Ж1Р№н:-



Table АЛ.1.2 (cont.)
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Type
of

Wave
Component Parameter ' Proposed 

Identifier

LR Vertical 36.
3 7.
33.

39.

40.

4 1.

42.

43.
44.

Arrivai time
Ilaximum amplitude,
Arrivai time corresponding 
to i,,, '
Period corresponding

A  .

Maximum ampliW.des for 
periods near 10, 20, 30 
and 40 s
Arrival time corresponding 
to amplitudes fox the 
above periods
Actual observed periods 
(item 40)
1‘Toise amplitude, Âj.
Period corresponding

LRZ

M1L,M2L,M3L,M4L---

NLPA
i'lLPT

to A,¥

LQ Horizontal 45. Arrival time
46. Maximm amplitude, Â  ̂

on ea.ch horizontal 
component

47* Arrival times corresponding 
to each Aĵ

48. Periods corresponding 
to each Â ^

LQ

MLOJS, MLQIT*-:-

(b) Standard parameters -
t.yae III stations only.

p Vertical 49. Apparent sloxmess SLOLP
50. Epicenter azimuth AZLP

LR Vertical 5 1. Magnitude ilg MS
S Horizontal 52. Magnitude MSH

Form employed in the International Seismic Code should be used.
Each phase identifier is followed by arrival time, period (ï) and 
amplitude (A) according to standard conventions.
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TABLE А4Л.З

Example of a telegraphic text transraitted. from an array station
for a large earthqualce

SEISMO N82351 ((BEG SEP22 IGOOOO END SEP23 180000 1«Î8)) 

ARE SEP22

ip cu  1919020

MIXI9035 ТЗАбО 
МЗХ1916О T5.5A29.S 
MLP19060 T6A144 
NTl.O ЫА5Л NLFfS

E PP 2247 T3.6A18.2 
T8 A108

ES 30025 MSE 3ОО8О T4A75.2 
MSN 30080 T4A61.0 

- MSLPE 30090 T9A216
MSLPN 30090 T9AI35

ESS 3711 T4.7A61.7 
T12 AI92

LRZ 4S4I MLR5407 T22A271 
MILS637 TIOAI35 

M3L5203 T3OAIO5 

NLPT20 NLPA12

M2X19112 T3.2 А53Л 
M4X19233 Т3 .5 A27.2

NLPA15

M2L5311 T20A200 
M4L5012 T40A98

LQ 4251 MLQE4302 T21A220 
ICLQN4302 Т21Л72 

CMPX 23.02 S H M  2,45
SLO 4.S AZ226 DIS94 LAT-35 LON-120 OTI9054I Ь'Шб.З
SLOLP 4.8 AZLP221 MS6 .4 MSH6.6
STOP



GLISI'II id en till oat .-i on of typo of data (seismic)
I'i32Z)51 ■- mess-ig'e iio„ 2351 during 19 7S for the station(s)
((BEG- SEP22 T80C00 EIID SEP23 180000 1M8)) - Thi.s is the first message in a

group of 8 cciering the time interval indicated (UTC).
АБР ■ staticn namo
8ЕГ22 - dale of lecorded event (22 September)
IPC'J 1919020 - first-motion clarity (l), type of wave (P), direction of first

moiicn (0 - compression on short-period seismograph; U - compression on long- 
period seismogi’aph), arrival time (l9hl9m02.0s) in component Z 

IIIXI9035 - time of arrival (l9m03.5s) for P-wave first amplitude, A^, in 
component Z

ТЗАбО - period (3 seconds) and amplitude (60 nm) for amplitude A^ in component Z
M2J\.19312 '/'3.2A53.1 - tine of ariival; period and amplitude for amplitude A^ in

component Z
E3XI916O T3-5A29.8 - time of arrival, period and amplitude for amplitude A^ in

compjnenb Z
MA}J52j3 T3.57.27--2 - time of arrival, period and amplitude for amplitude A^ in

componsiit С
I'LLPlJO'oO T6 AI44 •' time of arrival, period and amplitude on LP seismograph,

component Z. -
1.Т1.С NAool - porjcd and amplitude of noise on short-period seismograph,

Gorponenc 7.
ITLll'o, Li'jPA15 - pensiod and amplitude of noise on long-period seismograph,

ccmponc-nt Z
E F? 2247 Т^УД]0-2 T' T8 A.1̂'8 ) a.rrival, periods and amplitudes of secondary

longitudinal PP wave in component Z (on short and long'period instruments,
respectively) '

ES 1OO25 - first-motion olarity (E), wave type (S), arrival time, (component-not
indi cat ed) ’ •

IlSE 3ОЭЗО Т4Л75.2 - time of arrival, period and amplitude for maximum amplitude
of slici't period S vfave in component E

ILL 30080 T4A.6l,0 - time ofl arrive,!, period and amplitude for maximum amplitude of
short period 3 wave in component F

IîSi_E 30C90 i'9 A2l6 - time of arrival, period and amplitude for maximum amplitude
of long period S-vrave (component E)

ÎlûIiPÏÏ 30090 Tf AI35 - time of arrival, period and amplitude for maximum amplitude
of loiirg period S-wave (component IT)

CD/43/Add.l
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Table A4.1.4
Explanation of the text in Table A4.1.3



Table A4 Л. 4 (cent.)

E ss 3 7 11 T4.7A61.7 ) T  ̂ . T . ^T12 AI92 ) ~ clarity and time of arrival, periods элd amplitudes for
secondary shear phase (SS) (component not indicated)

LRZ404I - time of arrival of Rajrloigh vravo in component Z
MLR5407 T22A271 - tim.e of arrival, period and amplitude of maximum phase in

Rayleigh wave in component Z 
ÎIIL5637 TIOAI35 - time of arrival and amplitude in Rayleigh wave for 10 second 

period in component Z 
M2L5311 T20A200 ) ~ arrival times and amplitudes in Rayleigh wave for,
11515203 T3OAIO5 \ respectively, 20, 30 and 40 second periods in
M4L5012 T4OA98 ) component Z
ИТ20 NA12 - amplitude of noise for 20-second period on long-period vertical

seismograph
LQ 4251 - time of arrival of Love wave in component E
1ILQE4302 T21A220 - time of arrival, period and amplitude of maximum phase in

LQ wave in component E 
MLQN4302 T2IAI72 - time of arrival, period and amplitude of maximum phase in

LQ wave in component N 
Cl'IPX 23.02 - 'complexity' parameter in P wa.ve recording
SPI'M 2,45 - 'spectral moment' parameter for P waves
SLO 4.8 - apparent slovmess (s/degree)
AZ226 - azimuth from station to epicenter (degrees)
DIS94 - epicential distance (degrees)
LAT-35 - latitude (degrees) of epicenter (- = south)
L0F-120 - longitude (degrees) of epicenter (- = г/est)
OTI9054I - origin time (l9h 05® 41s)
MB6.5 - magnitude, determined for short-period P wave
SLOLP 4.8 - apparent slovmess of long period P (s/degree)
AZLP 221 - azimuth to epicenter from LP recordings (degrees)
MS 6 .4 - Rayleigh wave magnitude on LPZ seismograph
Î-ÎSH 6.6 - S-v/ave magnitude on long-period horizontal seismograph
STOP - end of communication

■сб/43 Add л  , ■
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A study tjy the УЯ10 on the routing and transmission of 
seismic data (level l) over, the World Meteorological- 

Organization Global Teleoramunication System
(WMO/GTS)

Background for the WMO study

Before presenting the study by the VfiiO, v/e give below a brief introduction 
and a description of the input data provided for the study by the M  Hoc group.

In the Ad Hoc group's report CCD/558, four examples of seismic netvrorks were 
considered, each corresponding to a different assumption regarding the 
availability 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 vrithout having to make 
a separate study for each network.. Therefore this study considers all stations 
taken together. ̂ 'The resulting 'network' of 76 SP and 76 LP stations is of 
course la,rger than any of the network examples and the conclusions of the study 
would be interpreted accordingly.

For example, the stations of this extended 'network' in North America and 
Europe are essentially those of Network 1. The corresponding load on the 
regional GTS circuits would therefore be similar to what would happen if 
Network 1 være implemented, ■ '

On the other hand, for South America and Africa, the 'network' stations are 
essentially those of Network III^ ,'^erefore, the study of ■ the line capacity
in these areas would mainly be relevant for Network 111 and Network 111 (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 would typically occur only a few times per year. Information
obtained from the experts of the M  Hoc group indicated that a reasonable

■ CD/45/Add.l
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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 he reported.
At stations which employ an automatic detector there is the possibility of 
false detections being generated. It is at present not possible to accurately 
assess the volvme of data generated by such false detections, but it is 
аззгтеЗ'Ъёге that this voliune v;ill 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 telegraphic message, and 
that the average length of each message is as follows (station designations 
refer to Table 4.2.l):

SP station (a) 200 ch/message (50 messages/day)
LP station (s) 300 ch/message (20 messages/day)
SP & LP station (c )  50O ch/message (50 messages/day).

The Ш 0  study is novj presented.

Routing and transmission of seismic data (Level l) over the World lîeteorological 
Organization Global Telecommunication System (WMO/GTS)

1. According to the information ava,ilable from the Ad Hoc Group of Scientific 
Experts to Consider International Co-operative Measures to Detect and Identify 
Seismic Events, seismic data from stations of 50 different coiintries гЛ11 have 
to be transmitted over the GTS. Each tJфe of seismic station arid the volume 
of data expected to be transmitted from each type of station, as vi/ell as 
rnmber of each type of station, are as follows: '

Station instrumentation Volume o'f data No. of stations
' ' SP only 10.000 ch/day I9

LP only 6.000 ch/day I9

• SP & LP 15.000 ch/day 57

This volume v/ill not be constant and will on the average be much lovrer.
However, it is assumed that the total daily volume of seismic data to be
transmitted over the GTS would reach I.15 9.OOO characters.



2. In order to develop the routing arrangements for handling thfe required 
seismic data, the volvme of data to be inserted by each GTS centei? and time 
required for transmitting data over the GTS circuits have been estimated.
Table 4«2.2 shows the volime of data to be’inserted by each GTS center as well 
as routing on the GTS, 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 (l4TC) 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 he able to accommodate 
the required seismic data due to the heavy traffic of meteorological information 
which is already transmitted over the circuit concerned. Furtheimore, some 
GTS centers which are not connected directly to a center on the MTC will transmit 
seismic data via other GTS centers. Therefore, the centers responsible for 
relaying information from other centers to the Ж С  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 1®С centers. The relay time cainnot 
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 Ш С з  Moscow and Washington were taken 
to be international seismic data centers; therefore, all available seismic data 
will have to be transmitted to these two WlCs. 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 1У1ТС center 
to the adjacent I4TC 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 modulation 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:

CS/43/Add.l
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(a) Western and southern parts of Region I (Africa), e.g. Central African 
Empire, Ivory Coast, Ethiopia, Ker^a and Southern Rhodeeia;

(h) Southr-westem part of Region II (Asia), e.g. Afghanistan and Iran?
(c) Some parts of Re^on‘III (Soulii America)?
(d) Some parts of Region Y (South-wegt Pacific), e.g. New Zealand and

Indonesia.
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АРРЕШ31Х 4.5
Present state of the Global Telecommunication System (GTS) 

of the World Meteorological Organization (VJMO)

The current state of the main trunk circuits of the GTS is shovm in Figure A4«3*l<
The number of characters that can be transmitted on different speed circiiits is 
shown in Table A4«3»l»

CD/45/Acld.l
page 45



z=>о:

шz

Ui5осс

<
ОС
CD

Sоz<M=>ucç
u

>sо5
«л I— S

X

S U.
1

UJ
чffl§ » S
h*
(li

<л
!>! ?

ш
<

ш
Mо

& Б
h-

ы
ы

§ и X

0.

3

Z i

<
I
Оо<
rsj<
ОС

|Лш
ZQ
и<UÇ2<
ос</>экп



С1»/43Дс1Д.1
Л1

Ю

i
I

&

§о

о

о0)со
>о

дзÜ

-р0)
■g
■Е

ф
• р

и

g■нрй|Ч

о о8 8 
»  »\Х) •Л'с~- VO 

IfN  ОС

о  о8 8 
ф> •>•л- VO см

•й- VO

?VÛ о

tn ITi * • t— н-

см см

т  т
'П 'Vi
3 Вc i  tdЯ Я

О  иглш

I
>

V

ДЗо

•S

iо

офсо
>Ü

лÜ

- рф

Iр4
ьо

I
ю й

и
luр
«

мл мл кл кл |<л 
О  О  О  О  О
I— I l — 1 г Н  г Н  г— t

X X
со осм VÛг— ОЛ С7Л со 40» » » » »гН см in  гН млгН см ш  о

X X
О О О  см 00

8 8 оо оо ооо о о о̂ о
см о о о" ос- ■41- я 40 смил о r-i мл

гН см •4?

8  8  8  см о  о
гН СП 00 40 см 

Н  МЛ Г -

о о о  о  осм ил о о  огМ мл 40 см

о  00 со со со

ил ил ил ш ил• • « • »
о о о о оS  S  а  а  а

т ю со ю га\р р •р р р•н •н •н •гН -нЯ

8
я
8 8

я
оо

Я

8см С\)гН со•Й- 4004



СЙДз/Аг'сЗ.Л 
nage 4Я

APPENDICES ТО CHAPTER 5



CD/4 3/Add.1
page 49

International Data Post 
List of co-operating countries (РеЪгиагу 19T9)-

APPENDIX 5.1

Type of 
;rvioe
S,D

S,D

S

Cotarfcry

^^EGENTINA

*AUSTRALIA

*BELGIDM

*BRAZIL - ■ S

^FRANCE S

*GEEMAHY g
(Federal Republic)
HONG KONG S,D

Internal Linking Service

*JAPAN

KOWAIT

*netheriands

SINGAPORE

»SOUTH AFRICA

SWITZERLAND

*TAIWM

S,D

S,D

S,D

S,D

S,D

♦UNITED KINGDOM S,D

♦UNITED STATES

(♦CANADA

S,D

PUERTA A PUERTA 

PRIORITY PAID 

DATAPOST 

SERCA 

POSTADEX

DATAPOST

SPEEDPOST

BUSINESS MAIL

MÜMTAZPOST

EXPRESS MAIL

SPEEDPOST

PRIORITY MAIL

SERVICE POSTALE 
RAPIDE
SPEEDPOST

DATAPOST 

EXPRESS m i L

Service of the Argentine Postal 
Adninistration

Service of the Australian Post 
Office
Service of the Belgian Postal 
Admini stration
Service of th$ Brazilian Postal 
Administration

Service of the French Postal 
Administration
Service of the German Postal 
Adir-lnistration
Service of the Hong Kong Post 
Office
Service of the Japanese Post 
Office
Service of the Kuwait Postal 
Admini s tration

Service of the Netherlands Postal 
Admini stration
Service of the Singapore Postal 
Administration
Service of the South African 
Postal Administration
Service of the Swiss Postal 
Admini s tration
Service of the Taiiiran Postal 
Admini strati on

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.



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 *Qn-Demand' (d ).

The Scheduled service operates for regular, repetitive requirements'"o'ft'
' 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 Edinburg, 
Scotland, on Thursday morning.

CÏ)/45/Acld.l
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АРРЕШ)1Х 5-2
Calibration data io be included v̂ ith exchanged waveforms

All exchanged vxavefonhs should in general be supplemented with sufficient 
infoimatioh so that no misunderstanding can arise v/ith respect to station 
identity, type of data', sampling rate, time and amplitude scale and time 
interval covered„ The'following calibration information ‘should be.transmitted 
with' the waveform data.,
^• For seismographs v/ith analog galvanometric recording

(a) Dimensionless magnification (displacement sensitivy) defined 
as the ratio of bhe peak trace amplitude to the peak amplitude 

digplacement of sinusoidal ground motion at a specified 
frequencyr The frequency will tj>pically be 1 Hz for short 
period instrcunents and 0-05 Hz for long period instruments»

(^) Phase difference in seconds between peak trace amplitude and the
corresponding peak ground displacement for the steady-state 
motion.

(c) Time corrections relative to UTC at the beginning and end of the 
seismograra»

(d) Direction of the trace deflection corresponding to ground movement 
in the direction up (cn the vertical component) and to the north or 
east (on the corresponding horiiontal component) should be ma.rked 
directly on the seismogram.

2• For digital waveform records
(З') Quantization factor (nanometers/digital unit), i.e. the ground

displacement (at a specified frequency) corresponding to 1 digital 
unit.

(^) Phase difference (in seconds) as under 1.
(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 east correspond to positive
numbers on the digital records).

CD/43/Add.l
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Note:

Additional calibration information v/ill 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 oalihration measurements to be made a,s desired. It is therefore 
not considered necessary to transmit this complete calibration information 
with every requested waveform.



APPENDIX 5.3
Specification of waveform recording media at some 

seismological stations that may be included in a global network

Table 5«5»1 contains 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 equii®ent at these stations are 
subject to change.

CD/43/Add.l
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Table 5..3.1-

Station

Albuqüerqué
Ankara
Bangui
Bogota
Chiang Mai
Guam
Mashad
Narrogin
Shillong
Taipei

Code Type (see Chapter 3)

Ш Ю
ANTO
BCAO
BOCO
CMTO
GDI40
М А Ю
Ш А О
SHIO
TATO

Addis Ababa AAE
Afiamalu API
I’Aquila aqu
Arequipa ARE
Bulav/ayo BUL
College COL
Danmarkshavn DAG
Dugway DUG
French Village FVM
Godhavn GDH
Helxiran HLW
Kabul KBL
Kevo KEV
Kajaani KJP
Kodaikanel KOD
Кар Tobin КТО
Lembang Ш 4
Lormes LOR
La Plata LPA
Nev/ 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

Seismic Research 
Observatory (SRO)

(Type II)

World-Wide Standard 
Seismograph Network 
(W/SSN)

(Type I)

Digital; Long, period data, 3 
components, sampled continuously 
at 1 sample per. second,' Short 
period data, vertica.1 component, 
'sampled'at 20 samples per second 
for detected,events oiily. ' 
Recording is on 0,5 in magnetic 
tape, 9 track, 800 bits per inch,
A l6-bit word is used, 1 sign bit,
1 1 bits resolution (66 db) and 4 
bits of gain ranging (60 db).
Format is 2's complement vàth odd 
parity, record length 1000 words 
with 10 iTOrds of data.
Analog; Continuous recording of 3 
long period and vertical short 
period data by pen on 30 x 90 cm 
sheets.
Analog; Recording by galvanometric 
deflection of a light spot on 
photographically sensitive paper,
30 X 90 cm sheets. Three components 
long and short period, one sheet 
per component i>rith 24 hours record­
ing on each sheet. Recording drum 
rates; long period - 1 revolution 
per hour, short period - 1 
revolution per 15 min.

Specifications and formats of
recordi^.g media

file:///iith
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Table 5.5.1 (continued)

Station

Jllaskan Long 
period array

Code

AiPA

Eilat
Eipapa
Ogdensburg
Toledo

EIL
KIP
OGD
TLO

Hagfors HFS

Norwegian
Seismic
Array

_ • / „ . ,\ Specifications and formats of
Tj^(s_ee ChaptexJi recordirlj'ni e ^ --------------

Long period array 
(Type III)

High gain
Long period (HGLP)

(Type II)

Short period array 
with associated 
long period 
instruments 

(Type III)

NORSAR Short period array 
with associated 
long period 
instruments 

(Tÿpe III)

Long period data only.
Digital; O .5 in magnetic tape,
9-track binary, I6OO 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 woid. I\n 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 (1 Ô bits) per s^ple,
15 bit resolution, 2000 samples per
Analog*; Recording is similar to 
WSSN 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 industry compatible tape.
Digital; , Data'dontinuously 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. Facilities exist for 
conversion to other formats.
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Table 5.5.1 (continued)

Station

Graefenberg

Codo' _Typc ^see Chrpter 3)

GRP

Eskdalemuir Ш 1

Finnish JYSA
Seismic /ixray

Alice Springs ASP

Charter Towers CT;;.0 
Kabul K M O
Imtsushiro IkÆO

V̂ arraxaunga

Broad-bond array 
(Type III)

Short period array 
vûth associated 
long period instrur 
ment

(Type III)

Digitals 9 track, 800 bits per 
inch (1600 bpi optional) magnetic 
tape.
Format; each block contains 10 
seconds of data. Sampling rate 
20 samples per second,
Digj-fcal; 0,5 in magnetic tape,
9 tracks, 800 bits per inch, IBii 
file structure.
Short period data. TH/o partial 
amray sims, for detected events 
only, sampled at 20 samples per 
second, or continuously recorded 
raw da-ta from 20 array channels,-. . 
digitized at 20 samples per second'̂  
Long period data. Continuously- 
recorded, vertical component, 
digitized at I sample per second.
Digital ; Short period data are 
continuously recorded on instru­
mental tape in serial form, one 
track, 2400 bits per inch, sampling 
rate 20 samples per second.
Long period data digitized at 1 
sample per second. Facilities 
exist for conversion to othcr. 
fomats, e.g. 9 track, I6OO bpi 
magnetic to,pc.

S-tandard short period iaialog; 3 components visible 
(similar to VA/SSN) recording on heat sensitive paper 

(Type Ï) 300 X 900 mm sheets at 60 mn/min.

Specifications and forraats of
recording media-

Short period a_ray 
with 0,ssociated 
long period instru­
ment

(Ty^e III)

Abbreviated Seismic 
Research Obeervstory 
(ASRO)

(Typo II)

Digitals- Converted HGLP - long 
period data, 3 components, sampled 
once per second. Recording is -on 
0,5 -in magnetic tape, 800 bpi ITOZI, 
Short period vertical component 
recording as for SRO.
Analogs 3 IP components, visible 
recording on hca.t sensitive paper 
30c X 900 mm sheets at 60 mm/min 
(SP) and 15 mm/min (LP),

Short period array 
with associated long 
period instrшaent 

(Type III)

Digital
XinaJog See EKA
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Station Code Tÿt>ê''(~seè Chapter З) Specifications end formats
of recordj-ngjnedia

Alert 
PIin PIon 
Mould -Bay

ALE
PPGme

Yellowknife YEA

Glen Almond GACO

de Bilt DBN

VJintersTf̂ ÿk WTS

Canadian'Standard 
Station 

(Type I)

Short period array 
(Type III)

Long period array 
(Type III)

SRO bore-hole com­
ponents ; Canadian 
recording formats 

(Type II)

Long period (ZNE) 
(Type I)

Broad bend (z) 
(Type ll)

Short period 
(Type l)

Analog; Recording by galvanometric 
deflection of a light spot on 
photographically sensitive paper,
30 X 90 cm sheets. Three components 
long and short period, one sheet per 
component vrith 24-hour recording on 
each sheet. Recording drum rates; 
long period - 1 revolution per hour, 
short period - 1 revolution per 
15 min.
Digital; Data are sampled at 20 
samples per second for automatical.!y 
detected events onlyj recording on 
9 track, 800 bpi industry compat­
ible tape.
Analog; Continuous short period 
data recorded on Ич magnetic ta,pe.
imalog; Data are recorded con­
tinuously on Ш  magnetic tape.
Digital; Digitized time segments 
would be availa,ble on request.
Digital; Long period data, 3 
components sampled continuously at 
1 sample ger second. (Short period 
3-ccmponent digital formats
for automaticaJly detected events 
under development).

AnaJog; Recorded on 30 x 90 си 
photographic paper.

Analog; Recorded continuously on 
№  magnetic tape.
Digital ; (Projected for 1981) 
continuous recording on magnetic 
tape.

Analog; Recording by pen on 
30 X 180 cm paper.

Digital; (Projected for 198I) 
continuous recording on magnetic 
tape.
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Table 5»5.1 (continued)

Station Code _ , Snecifications end fomatsType (see Chapter oJ 'U ' ,. ' "  ̂• 'of rocor-ing meoia

Gauribidanur C M

Pavlikeni

Kasperske Hory

PVL

KHC

Cheia MER

L-shapped arrey of 
SPZ instruments and 
a triangular array 
of LPZ instrvinents 

(Type III)

Short end long 
period instruments 

(Type I)

Broad band and short 
pcri-d

(Type II)

Short and long 
period instruments 

(Type I)

Ijnalof2;: Recording on 1 in, 24- 
track magnetic tape x̂ ith 20 
channels of seismic record plus 1 
channel for tine. Similarly long 
period data are aleо-тнеcorded 
separately on analog tape.
Fa.cilities for hard copy of seismo- 
grans are available. Usually 
resolution of 0.1 sec is used for 
SP records and 1 sec for LP records.
Digital : short period recording 
of frequency modulated signals 
at 20 HZ on 9-track 800 bpi 
magnetic tape.

Analog; 3 component photographic 
recording similar to VA'/SSN

Analog; Continuous recording of 
2 vortical short period seismographs 
on photographic paper, 30 x 90 cm 
sheets por comp, per day, recording 
speed 60 mn/nin. 3 broad band 
components recorded continuously 
on ri'i magnetic ta.pe and on photo­
graphic paper, 30 X 90 cm sheet, 
recording speed 15 mm/nin.

Analog; continuous recording of 
3-component short period 
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 WSSN LP seismograph 
continuously recording on 
photographic paper.
Digital (planned for I98O) 
continuous recording of 3-component 
SP seismograph.



iiPPENDIX 5.4 
Some Digital Tape Recording *Standards*

The description ’Industry conpa-tible ta.pe’ is со1ш:юп1у used. It means that 
de,ta nay be interchanged between computer systems of different manufacture as 
long as the tape .used is to the sar,ie compatible standard. The standards for 
magnetic tape laid dovm hy bodies such as European Computer i-ianufacturers 
Association (ЕСы 1) and iuaericnn National Standards Institute (j\l̂ Sl) define 
the physica-l properties of ta.pe such as spool dimensions, ta.pe vxidth and 
thickness, recording node and density and positioning of reflective strips.
They do not define tape codes or la.bcl and block formats. Two versions of 
digital ta.pe in common use arc:

9-track, 0.5 in width, 800 bits per inch (bpi) with non-return-to-zero 
inverted recording mode (NRZl), and
9-track, 0.5 in \-fidth, l600 bpi with phase encoding recording node (PE).

Standards for 7-track tapes also exist (for example, the high gain long period 
stations at Kipapa. and Ogdensburg) but it is superseded by the 9-tra,ck standaxd 
and is not recommended.
Not all systems use the sane tape code, but the most common ways of recording 
characters on digital tape are the IBM extended binary coded decimal inter­
change code (EBCDIC) or the /unerican Na.tiona.l Standa.rd Code for Infomation 
Interchange (ASCII). Conversion routines convert one tape code to another.
The digital labelling of tapes is dependent on the file structure arrangements 
of the systems which handle them. Tapes may therefore be labelled according to 
some convention (e.g. IBM standard) or in some non-standard vray, depending upon 
the requirements of a particular system.
Ta.pes v/hich e.re used in applica.tions not requiring a. file-structured system 
(e.g. field data tapes) can be unlabelled.
The block format of the data recorded on digita.l tape is governed by the 
software of the recording system^ re?.ding the ta.pe therefore requires 
appropriate softwaxe in the replaying system. Inter-block gaps on 8OO/16OO bpi 
nine-track tapes axe nominally 0.6 in, block lengths are dependent on recording 
softv/are parameters.
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APPENDICES TO CHAPTER ^
Introduction

These appendices should he considered as guidelines for the further detailed 
specification that has to be made of the procedures to be used at international 
data centers.
These detailed specifications necessary for the establishment of the. 
international data centers should be vxorkod out on the basis of the guidelines 
given in this report, past experience at existing data centers and ideas and 
results that might be obtained from studies performed in connection^with the 
possible fiirther work of the Hoc group.
The specifications shovild include all necessary mathematical formulas and data 
handling routines and listings of the computer programs to be used. Travel time 
curves should be specified in .detail, showing for example to which region and 
which signal frequency they apply, also the various amplitude distance 
corrections to be used in na.gnitude calculations should be explicity given.

One of the appendices, Appendix 6.5, has been drafted to a high degree of detail 
to show, as an example, what such specifications might finally look like.



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 he 
associated with the same event. The sorting procedure is based primarily on 
teleseisraio 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 remarks such as "local" or "regional" are usefifL in this 
process. Also P and S readings reported from stations at local distances may ,be 
used provided local travel time curves are available.

The time association should be carried out according to a procedure which 
will need to he 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 specified for the acceptance of the 
association of an individual station with an event.

A mirdmum number of stations are required to define an event as follows:
- Foxrc single stations, not more than two of which are local stations
- One array station at teleseismic distance and two single stations

(with no distance restriction)
- Two array stations at teleseismic distances

To further reduce the probability of malcing a wrong time association and thus 
create an artificial event from arrival times which happened to fit together, a 
special control procedure slioxfLd be employed. This procedure should check that 
the stations which have defined an event also have a defined —  reasonable —  
probability of detecting an event xdth 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

CD/43Add.l
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region. A possible event should e.g. be declared as artificial and excluded 
if a certain nmber of stations with high detection probabilities did in faot 
not detect the event. A detailed description of this association control 
procedure will need to be worked out.

The final locations of the events should be carried out using a 
3-dimensional location procedure sir-iilar 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 
elabçrated. 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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АРРЕЮ1Х 6.2
Local travel time curves and the regions and distance 

intervals in which they are applicable
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 certain 
distance interval. The travel times should be given as tables or as explicit 
expressions.

Examples of such local travel times are given belo-i/.
Region: Scandinavia lat. 55° - 70°1T, long. 10° - 30°E.
Station ; Hagfors (HPS)
Phase Travel time (s) Distance interval (km)
P -0.8 -I- 0.167 d 115 - 490

О

P^ 8 .5 -1- 0 .12 1 d 235 - 1250

S -1 . 2  Ч- 0.283 d 115 - 1400
О

S^ 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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APPEND DC б.З
Amplitude distance correction for the estimation 

of body v/ave magnitude
Body wave magnitude (т̂ )̂ should be computed using the formula

raĵ = log + f
where A is zero-to-peak amplitude in nanometers, T is period in second and f  (л)
is a distance correction function. The Gutenberg and Richter (1956) amplitude-
distance correction function should be used for distances ( a ) greater than
20 degrees. This function is shown for the PV wave in the particular case of 
shallow foci in Figure A6.5.I.

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 O.P. Richter, 1956: Magnitude and energy of earthquakes. 
Ann. Geofisica, 9, I-I5.
A survey of practice in determining magnitude of near earthquakes : Summary

report for networks in North, Central and South America compiled by У.Н.К. Lee 
and R.J. Wetrailler, United States Geological Survey, Open-Pile Report 76-677» 1976.

Part 2: Ehjropa, Asia, Africa, Australasia, the Pacific, 
compiled by R.U. Adams, World Data Center A for Solid Earth Geophysics,
Report SE-8, 1977*
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APPEiroLX 6.4 
Calculation of magnitude

The discussion helov; is limited to the estimation of surface v/ave magnitude M ,- s
hut the formulas and procedures are equally applicable to body wave magnitudes, m.ĵ.

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 
nanometers and period (t ) in seconds individual station magnitudes, 
calculated according to the formula;

Mg. = log (a/t). + 1.66 log (Л:). -H 0.3 

where i denotes station index running 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

.  SX
standard deviation is also calculated as a measure of the data scatter. Values 
significantly deviating from the mean, e.g. by more than three times the standard 
deviation are sometimes discarded.

From a statistical point of view mean values formed in this v/ay can be strongly 
biased. This could occur in particular for i;eak events \;ith only a small number of 
observations of (a/t). In such cases this type of mean values become too large. 
Maximum likelihood methods, v;hich reduce the bias, have been suggested by 
Mngdal (1976), Elvers (I978), von Seggern and Rivers (197S) 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 surface wave magnitudes for events, for 
which body vjaves 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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Travel times for Rayleigh- and Love-yaves 
for continental and oceanic structures

This appendix has heen drafted to a high degree of detail to s1io\j , 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 Аб.5 .1 gives the Rayleigh-\;ave group velocity (after Filson, 1974) То!" 
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 stnictures should be 
applied.

A listing of a computer program for the computa.tion of Rayleigh-v/ave travel times 
from an epicenter to a recording station is given in subappendix 5A.

Data for Love-waves are not included in this example, but similar tables should 
he worked out for this typo of \/ave.
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 i.aves are assumed to follovj great circle paths from source to 
receiver (distance D). The distance 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 bet\/een source and 
receiver. As is shovm in the figure p and a are colatitude and longitude of P and с 
and b colatitude and longitude of Q. U 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 follov/ing formula is used for 
calculating m:

cos m = cos d . cos p + sin d sin p cos az 
This is obtained from the S'pherical triangle PI'TM, vfhore az is the azimuth to 

Q vievred from P (d, p and az are knovm). The same formula applied again to РИМ 
gives n ;

cos d = cos p cos m + sin ]p cos m.cosn

гр/45/'dd.l
page б9

APPEND EC 6.5



The correct solution of n (positive or negative value) is claosen depending on 
if az is greater than or less than 180“.

To avoid nximerical problems care is talcen to cases v/hen P, Q or M are close to 
one of the poles or when D is close to 130°.

The earth is divioed in a grid \iith 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 \/hich region each square in the grid belongs to. 
By transforming the coordinates of II to matrix indices 

index 1 = . r + 1| index 2 == . s + 1
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the region in which M is situated is found. By summing up the number of 
steps taken in each re^on the distance D is divided into parts belonging 
to the various regions. The travel time is, then calculated as the sum of 
the travel timeé within the different regiops as follows;

CD/45/Add.l
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Tt = D

= number of steps in region i 

v. . = group velocity in region i for waves with period t
-VA

-  travel time from source to receiver for waves with period t



rV45/''ôlû.l
page ,72

Table A6.5.1

Period
(sec)

Group velocity (lan/s)'
Région 1 
(Ocean)

Region 2 
(Continent)

1 1 .9 5 1.00
2 1 .7 0 1.20
3 1 .4 5 1 .5 0

4 1.20 1 .7 0

5 1 .0 5 2.00
6 1.00 ■ 2.50

7 0.98 2.70

8 1.00 3.00
9 1.02 3 .1 5

' 10 1.10 3 .1 5

11 1 . 1 5 3 .1 5

12 1 .2 5 3 .1 5

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

21 3.60 2.95
22 3.70 2.95

23 3.7 5 3.00
24 3.00 3.80
25 3.85 3.05

26 3.85 3.05

27 3.90 3.10
28 3.90 3 .1 5

29 3.90 3.20
30 3.90 3.25

31 3.90 3.30

32 3.95 3.35
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Table A6.5.1 (cont.)

Period
(sec)

Group velocity (lon/s)
Region 1 
(Ocean)

Region 2 
(Continent)

33 3.95 5.40
' 34 3.95 3.45

35 3.95 3.45
36 3.95 3.50
37 3.95 3.55
38 3.95 3.60
39 4.00 3.60
40 4.00 3.65
41 4.00 3.65
42 4.00 3.65
45 4.00 3.70
44 4.00 3.70
45 4.00 3.70
46 4.00 3.75
47 4.00 3.75
48 4.00 3.75
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OGP'-O С SUMMEH UP FOR EACH REGION AND THE MUMPER OF STEPS  I S  THEN CONVERTED
P JF b O  С TO DISTANCE.
(X)26C С 
<Л,?1о С

С !ч'01А1 ION!
OOSto С AU  ANGLI-S I S  G IV IN  P !  RADIANS I E  NOTMNG ELSE  I S  STATED.
(v);u':) с:
(ЮЗ 10 G COI.Al-, CLONE = COLA 11 TUDE AND LONCITUDE OF THE EVENT
СХ'Зро {; COLA=COLAE. CL()N=CLONE
O033J C Л75, D IST  = AZIMUTH AND DISTANCE FROM EVENT T‘0 STATION
Ш З-!')  C AZ=AZS
003^-0 C J I M ( J )  = TRAVEL TIME FOR SURFACE WAVE WITH PERIOD P T ( J )
G..)3'/ i r: R T ( J )  = .SURFACE WAVE PERIOD ( J = l  TO K L )
a')37.j c: NI. = NUMBER OF PER IODS FOR WHICH TPAVELT IM ES SHALL PE  CALCUL ATIfD
033 С (NUMBER OF PERK 'D  MEASURFMENTSs MAX Л)
0G3OU с  IGV = PARAMETER DENOTING TYRE OF WAVE PATH USED AT MAGNITUDE
( '3/ : . С DHTERMP'ATION (1G V= I: MORE THAN lb°/- OCEA^ЧC STRUCTURE?
D ’ lO С ]GV=3î МОЧЕ THAN 7 ‘̂ .Г Cf'b'Tl NEN FAL STRUCTURE; TOV=?! OTII EP'A 1 ГЛ-)

Ou-To Г  I R E G d l ,  1 ? )  = M.\TL»ix CONTAINING REGION NUMRRPS FOR ALI SOUAPES
G С IN THE GL'in

o.'/.'O С I IM .  ]?K  = ^̂ ЛX1M(: ■̂ V A IU ES  OF I I  AND I ?  RHSP. ( I IM+1 ?M = NUVREP ('F
С SQUARES IN THE G R ID )

(O.p.o с  0 I4DG, GRIDE = lA T IT U D P 'A I  AND LOm o I THDl NAL S I Z E  OF A SOUARE IN
Ю/.70 r  THE GR ID  ( I E  11M=36 AND I?M=7? A SOUARF I S  b*b D FGPEES )

C: NR = TOTAL NlRiP.ER OF RE.G10^!S (AND GROUP VELOCITY CURVES)
с  V E L R d ,  T) = OR('UP VELOC ITY CURVES. THE MATRIX CONTAINS THE GROUP

(X'b('0 С VELOCITY FOR SUPEACF WAVES WITH PERIOD T IN REGp)N NUMBFP I
JD b lu  С (KR=MAX VALUE OF I )
Oübpu С 1 = REG ЮМ NUMBER
О ЗЬЗЗ  С T = PERIOD OF SURFACE WAVE ( IN T E G ER )
OOb'-lO G D = DISTANCE FROM THE F V F 'T  TO A POINT M ( IN  D IRECTION AZS)
OO^bi' С CM, LM = c o l a t it u d e : AND LONGITUDE R ESP .  FOR POINT M
(/ )b (0  С DM = D IFFERENCE IN LONGITUDE BETWEEN THE POINT M AND THE EVENT
03b7u С DD = STEP S I Z E
OObUj С DDG = STEP S IZ E  IN DEGREES
(X)bP'J С R ( I )  = STEP COUNTER FOR REGION I
036(X3 G PR = TOTAL NUMBER OF STEPS  (SUM OF ALL P( 1 ) WHEN STATION I S  REAGHFD)
ÜÜ6 I0  С P A R K  I )  = DISTA.MCE IN  REGION I OF THE SURFACE WAVE PATH

С COCE, COAZ, COD, COCM, CODM = COS-VALUES OF COLA, AZ, D AND DM P E S P .
0 3 6 3 0 'С S IC E ,  S IA Z ,  S ID ,  SICM = S IN -V A LU ES  OF COLA, AZ, D AND CM R F S P .
OOO'îO С TWOPl = ? * R I
(.Обьс; с  DFCKM = NUMBER OF K ILOM ETERS PER DETIREE. '
(a)66'J г  i t  = ril'MPEP o r  OUTPUl UNIT ГОР El-^ROR MESSAOl S AND WAP'MNGS
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.X)6G0 / •
00 6 60 С
:Ю670 С
(Ю6И0 с
00690 С
00 700 с
00 7 1) (\
007 20
007 3v)
CV3 7-1Ü
(X)7S0
00 7 60
00770 с
;X)7‘ 0
ao?-) ) р
( J j- ’ с
00-, I J

>';■

a)- V/
(Ю.- '• )
(/J • iA) / чV./
CO-' 70
00;-3O
CX).̂  '>0
00 ООО
OÜV 10
Ot.îORü
0<)‘. U)
00 940
00 9S0
009 oO с
009 70 с
009t-') с
009 OQ
01 ( fO п,.
01 010 с
01 J  20 с
O IO IO
u U 4 i) с
OlOSO с
01 060 с
01 и 70
OK. 60
OI OOP
01 lOf^
01 1 10
01 1 20
01 130
01 1 10 с
01 ISO с
01 160 с
01 1 /0
O il  -0 г:
01 190
01 200 с
01 210
01 220 с
01 230 с
012-40 с
0 I2 S 0 с
01260 с
01 2 /0
01 2'.9
0 1,''9'-'

\ ) H - \ ' V  = N(IMMh4 oi- lU l.Of.'Llhin; RhP PhOPhR.
IT  = NUMBER OF OUTPUr UNIT FOR f-P»OR MESSAOI-S ANP WARNIvng

ALL GTATHMhMTn APE ГЛАМПЛРР FORTRAN EXCEPT ТЧ03Е РРЕСНПЕГ) BY A L IN E  
REClfîN INC WITH C ***

REAL PA R T (2 ), P ( ? ) ,  LM, C'1. T IM (/ i), PT (4 )
INTECEP T ;
COMMl’M / L P I/ IP E C (3 r ) ,7 ? )  , V E L R (2 H 8 )
ПЛТА ТТ/6/, N R/?/, n n C / l./ ,  П1пПКМ/М1.2/
PM A  P I/ 3 . I4 1 5 0 .V ,  Î IM /Зб / , 12V/72/, T W R l/ 6 .283186/

CPECN IF  A‘!Y or- ■П!̂ ■ PAI^^^'ETEPЗ ÎM TI'E SUPROIII T‘'E C A IL  Г>ТЛТР'Ч-.::Т 
1f> (vri OF РЛГ.'ОЕ.

IF  (CC'LAL-.LT.O. .PR . COLA E .ОТ. P I  .OR .CLONE . L I  .0  . . P P .
+CL()[ ’E; . .  'P-IPP1.0 R . A 78. ОТ. TWOP1 . OR. 
* A 7 3 . l .T .0 . . ( ) ' J . P 1 S r .L T .0 . .0 P .P I8 T .0 T .P I )  fX) TP SCO

.',l f С0!ПЕ.;:1 VALUhO ro GOME' PARAMETERG A»'[) GE'I COtir’ l'EPG T(î / Е Р Р .

('.lpl)C;=PI/FLOAT( I IM)
0PIPI.=  IV .'()P I/FL0A r(I2 .") 
r:P = PP0 *P I/1 8 0 .
P= J.
no 90 1 = 1 

00 P ( 1 )=0.
(:OLA=CPLAh
CLOM=CLONE'
A/=A7.G

01 VE; Л7 A wr-;LI. Of-r INEP VAI.IR- IF  P IG T  I G CLOGE iO  18P PFOpPE.G..

IF  ( P IG T .ОТ. ( P I - 0 .001 ) )  .'/=0.1 .

CHECK IF  THE EVENT TG CLOGE TO O^E op 11!E POL EG.

I F  (C O L A .L T .0.001 .O R .С01.Л .0 1 .  (P l- O .O n i  ) )  00 iO 6S0

СМ.0111.ЛТЕ FDEOUENTLY HGEP GIN- Л^П OOG-VM.UFG.

100 COOE=OOS(COI.A )
G10E'=GlM(a)LA )
COA/=COG(A7)
G M /= G IN (A /)
CM=00LA 
LM=OLON 
OO TO 400

ir:CREAGE' PIGTAMCE P FROM EVENT TO POINT M WITH STEP PP .

ISO n=(UPP

WAG HIE GTATION I^EACHEP VHIH TH IS STEP?

IF  ( P . О Т .P I ST) 00 ro 1000

CAICUL/'TE h ie ; СООРРЮ ЛГЕО (OM, 1.У) F0» POINT s.

oop= oo ';(i))
G i ' ;= : ; iN (p )



Ĵl 1 ' '
J 1 2 ■- 0
0 12 'II
01 3 00 0
31 1 1 3 f ♦
01 323 0
01 330
01 34 0 с
01 3S0
01 .3 60 0
01 '/() A /
01 3.-\) С
01 30 J
01 4 (\3
0)41 0
01 4 20 0
01 4 30 0
01 440 u
0 ' ' aj

0 1 4 60 0
01 4. 70
01 4P'.) с
014 OO с
) H. 1 О с

<;h  'i I
JH- I ; 0

OH; 1 0
OH • ; Г'
о I I-SO
'Ml ,

/,
01') -Ч.1 с:
01 t 90
01600
01 6 10 с
01 620 с
01 6 30 Г'
01 6 H) г
■0) 6 so Г'‘..г
01 6 30 0
01 6 70
01 6'6)
01 690
01 7— )
0 1 7 1 )
01 7 2 )
01 7 Л) 0
0174 ) 0
01 760 г
01 7 o J с
01 7 /0 0
01 У-'О
01 /■>.)
01 OiV)
OHi I )
01Й20 0
016 30 с
0 1 X 0 с
OlbSO
016 60 с
Ü IE  70 с
0IH60
01f-9fJ
0 1 9 00 0
01 9 1.) 0
01 9 20 п
01 9 3';
O F '  H;
0H-^ 1

1.1)| )=( : ( ) ; , ( D )
G IP = G IN (n )

, C0CM=r0Ch*Cnn+GlCf:*r>in*a)A7

СНюК i; ЛЕ(;(;п;;-ЛЕГ;||,‘иг'1 i:: oui or i>*Mg|-.

I F  (AFSCCOCM). О Т . I . 0 )  00 10 710
**
ЗЛО CM=A POO Г) ( a>CM )

Clll OK I F  M 10 OI.OM- 10 ONE OE II 'E  POI E'O.

I F  (O M .M ' .0 .0 0 0 1 .o p .C M .О Т . ( P l - 0 . 0001 ) )  00 10 720 
SICM=5IM(0M)
С()ПМ= (C0n-C0(;F*C()CM ) /  { 0 1 CE>51 OM )

ОПЕХК I F  ARCCOS-AROUMFNl 10 OUT OF RAN-OF.

I F  (ЛПО(СОГ)М) .o r .  1 . 0 )  00 10 730 

3SÜ [v.l = APC()0(C0nM)

CHOOE; t h e . RTOHT SOLUTIOM o f  ПМ HFPH.MOirO or; A71MUTH.

360 I F ( A 7 . 0 T . P I )  f)M=-l)M

O A lC U L A l t  LONOIlUOh OF PO lM l M AND CllOOl- R IO IT  U 'TEPVA I..

LM=OI ON’+OM
IF  (L iM . l .T .O . )  l.f.'=LM+lW0Pl 
I F  ( L M . O I . rw O P I) LM=LM-TW0P1
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CALCHI.ATE WHICH SOIJAPE THE POJMT M (W ITH С{Х)РГ)1НЛ1Е0 CM, Ы )  
FALLO W HIH IN ; T I'A l TO ПНТЕЧАЧМЕ THE VALUES OF THE. П1П1СЕ0 
ro T'E: i p f o -m a t r i x  amh h e t f p m i n f - w h at  REOIOM t h e  s q u a r e
HE10^■г:з TO (REO IOF MUMnPR=I). START WITH M = HVEf'T.
1 NOPE A OF APPPOPPIATE' STEP OOUNTFP.

400 I l= lF lX (C M / O P in O )+ l  
I2 = IF lX (L M / O p im  )+l
I F  ( T 1 .1 T . 1 .OP. I I .О Т . I 1M.0P. I2 . I . T .  I .0 4 .  T2.0.T. I2M) ГД) TO 700 
I = I P E 0 ( I I ,  12)
P( I )= P( I )+ L .
00 10 ISO

O U lPU r  OF ERROR Амр WARNINO MEoSAOES.

SOO WPl I X  11 ,s o  I ) OOI.AE, ОНО'чЕ, A7S, Р10Г
bOI F O P M A K iy ,  '***i-i/\pnniO; TTIME-AROUMFHT o u r  (И' PAHOE's'/ 

+ IX ,  '  EVENT I.AT, LOMO 2 F 8 . S ,  S X ,
* '  A7IMU'1I|, P I S  ГАНСЕ 2 F R .S )

N(J С0РРНСТ1ПМ OF h i e ; AROUMFMIS I S  M.APF.

00 TO OS .

600 w r i t e  ( I T ,  6S1 ) 001.Л
6SI I-O RM AK IX . '+**hVE;riT CLOSE TO O^'E ( 'F  THE I 'O IE S :  C 0 I\ 1 = ',  l-o .S )

■MAY OMXl- r "MI-i-HOAl IPO I'M I.r . I •'I ',; v/AI’lE .

I F  (COLA . L T . O . ( O I )  C:0[.A=O.0OI 
I l '(OOI.\ .01 . ( 1 ) ) Of'’ ’,=41- . .O i ' I
•,( I ! . 1 ( U
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Otv-, /
, )K . ‘ 1

ON. Л ) f "

01 f  '
■Gi
01 ‘ -GO
03 с  с  1
03  OLJ G
C 3U 30 С
0 3 . .  30 С
03.- 4 0
0 3v .b 0 С
03-J6Ü С
0 2 0  7 0
03 c . ’ 0 с
02uPO г:
0 3 1 0 0 с
03  1 10
03 130
0 3  1 33 с
0 3  L-’ O с
0 3  IbO f)
0 3  1 6 ' с
02  1 7 . ; Г;
03 I
0 2  I VO
022С П С
0 2 2  10 г:
0 2 2  30
02 2 TO
0 2 3 -TO с
ОЗЗЬО с
ОЗЗ'.Ю с
0 3 3  7 0
0 3 3 - '0
ОЗЗР'О с
0 2 3 f 'T G
0 3 3  10
0 2 3  20 с
02  3.30 с
0 2  3 4 J с
02  3 b 0
0 2 3  60
0 3 3  7.0 с
0 3 с
Ü33GO с
0 34  no с
0 3 4  10 с
(P.1 30
0 3 4  За)
0 3  -I Л ) с
0 3 4 ‘- 0 с
0 3 4  O'.) с
0 3 4  73) с;
0 3 4 '-(O с
0 3 4  0 0 с
03  b 0 0
03  b 10
0 3 b  3 0
0 3 b  30
0 2 ‘'4 U
03  ̂  bO с
03  G 6 0 с
0з^ 70 г:
ОРЬЧ') о
OPbOO с
0 2 6 0 J G
0 3 6  10 б'
Or ' )

IF (C f)t.A .G T . (Н 1-0 .Ш 1 ) )  П01.Л=РТ-0.001
''ЛI то 1 0 0

/по .-JIH ГР( I T ,  701 ) I I ,  I P
7)1 lO p - 'A U lX .  '* * * |P | f ;- A F ' ' ' . l l 'M N r  (Ч1| 01 PANGh* 11=-', 1.1, '  I P = ' .  I T )

If- IPFG-ARGWMRmj jg OUT OF RANGF TMlf> STFP  If. IGNORHO (И )  GTFP 
vGOUUTFP IM O PFA SFD ).

GO It )  (50

710 I F  (АВГ>(ПОСМ) . L T .  I .001 ) GO TO 7 )5  

N’O '.FGSAGF I F  ONLY T4UUGAT10M HPROP.

• . 'P lT Fd T . 7 11) COG-,
711 |-04M\T{IX, ‘'■'•*+APCCOr;-APGU-',F:MT OUT Op RANGE! С (;ГМ= ', Р 1 ? . Я )

IL  '.PCCO.'i-APGHMEM IG  ОМ f OF RANGE, I T  I f> COPRHCIFO TO +1. O'.' - I .  
R EG R h C llV FLY  K ’DPPtiNOE.r.T ( 'Г  l i lH  AGTUAI. VALUE, ANfi T I F  EXKGUHO'!
1Г) CO'-i li.’MEO. •

l\-> COG' =:HG-'( 1 . ,  c o c  n  
GO П) 340

/30 W R I l E d T ,  7 P I )  CM
/31 l O RM A 'K IX ,  MEAP ONE Of- TIM- ROLEG î C 0 IM '- '= " ,  Е 1 3 .Я )

r,|VE DM A WELL ( 'E M  MET) VALUE..

I)M=0.
GO TO 360

/30 I P  (AHG.(COM) .I_T. I .GOl ) GO TO 73B

MO f-'FSGAGF I P  ONLY TRUm c aTIOM EPPO».

W R IT E ( IT ,  731) COM 
731 ror-M AT(IX , ' ’+++/RCCOG-A PGUP Rr'T OUT OR RANGE! COM', P 13. T )

I I '  APCCOr.-ARCU.MHNl IG  OUT ON RANGE, I T IG  G('|4)|-.CTЕП lO -H . OP -^1. 
R E G P L C d  VELY INOLPENnhNT ON' IIIH ACIUAL VALUE, AMI) i l lt :  EXECUIIOM  
I S  co r 'd M U ED .

73') COM = GIGM( I . , COM)
Г.0 TO 3B0 '

C A L G U IA IE  THE. D ISTANCE IN D IEFEPEr 'T  REGIONS OP 'niE; WAVE PATH. 
P I P S l ,  SUM UP THE TOTAL NUMBE.R OP S T E P S .

fOO PP=0. ,
DO 1001 1=1,NR 

001 PP= PP- fP ( I )
' DO 100b I= ) .N R  

00b P A R T ( I ) = P ( 1 ) * D IS T / P P

r'lENPPEMT R1-GI()-G, A'4) MUI.TIl-’IY BY \ CO^'STAri Г-АСЮ -' TO GE i TUP 
I INI- 1- N.PGCVOG.

r-' 1:̂ ’ , •

file://%E2%80%A2/CIUAL


if-.-rni «r.i. ii» ' '; , ,  ЛМ1) M U L I IP L Y  HY Л mvin 'Af.'T ТЛСТО» TO i T F l ’ TTÎD 
09^.' • С I'l.VF IK  SFCdKHS.
026 I r:
02620 no l in o  J = ] ,  4
02 60 '- 'I w o  n n O W D .

0261 ) no 1 i s s  J= l  , ^̂ [
026ПО 1 = 1 l"I X( HI ( ) )+ 0 .n )
[ ) ? ( . ( .  I n o - Н П О  1=1; F ’ O • '

026 / J  I l b )  T lM { J )= Ï I '/ , (  J)-+-FAHT( I )/V F I.R (  1 , Г)
026'K) T U I ( J )= T IM (  0)*ПЕГЖМ+1ЯО./Р1
02 6П0 I I 5b COIi T lNUF 
027Г0 С 
02 /10 С
02720 С* COMVfcHi TO 1FNÜ I OF GFCOMOS PY M ULT IPLY ING  BY ТЕМ.
02700 С ■
02 / 4 ) no I 160 J= 1 , ML
027bo 1160 T I .1 ( J )= T 1 M ( J )  + I0 .
02 7 ) С Ч
,

; C+ CALCULATE VALUE OF 1CV ПЕРЕМШМО ON 'A'AVF PATH.
02/<-' С ICV=I FOP MOPF Г:ЛМ lb"'. OCFAKIC CT6UCTUPF
u2f 60 С ICV=3 FOP M()t/L T'lAtl 7b7 COMTIMFNTAL GTPUCIUPE
02П 1 ) С 1CV=2 OTllFPVMCl
02 "  2 )  С
020 ■ Г.РЛ!'1=РМ; | ( I )/ IH  ОТ
02. • - K)V=2
02 ■ I I -  ( f jPAP l . f ) !  . 0 .7 b )  r0V=l
02>6 ; IF' (СРЛР1 . l / r . 0 .2 b )  I0V=3
02''7.) С
02-' ) С
■ ■ I 'r lUPM

02 '. ." '  Ffin
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APPENDIX 6.6
Automatic process for the asGOciation of long-period 

surface wave data with events located from 
short-period observations

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

The travel times for long-period Rcyleigh and Love waves from an epicenter 
to the long-period stations arc estimated using the travel times given in 
Appendix 6.5 . Reported long-period surface wave data should he preliminary 
associated with an event if the estiraa.ted arrival times of surface v/aves at 
a certain period agree with those reported within a predetermined time interval. 
To reduce the probability of making a wrong association of зтдгГасе г/aves, a 
procedure similar to that discussed for short-period signals in Appendix 6.1 
could be applied. This procedure checks that stations to which surface waves 
have been associated also have a reasonable probahilitjr of detecting such signals 
from an event with the actual magnitude at the actual region. A detailed 
description of the association control procedure will need to be elaborated.



Example, of output bulletin and data file structures 
at Intematio 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 - 7.3 9.6s - 0.1 159.3E - 0.1 28 km - 10 BASED ON 12 STAT
SOLOilON ISLANDS '
NUI'IBER OF ASSOC. SP-TUIES 34 NTOffiER OF ASSOC. LP-TBÎES .-8
I-ffi : 5.1 BASED ON 6 STAT STD : О.3О
MS.-: 5 .0 BASED ON -7 STAT STD : 0.35 •
CMPX : 1 .2 3 SPMM : 1.21 SP\7T ; 0 -9 -18 -13 -37 STAT ; ARE.
Explanations
780120 = date of event

002421.6 i 7 .3 9.6s -  0.1 15 9.3E -  0.1 28 1ш i 10 BASED ON 12 STAT
= origin time, epicenter, depth with associated error estimates and number 
of stations used for defining event

SOLOMON ISLANDS = region
NUI-iBER OP ASSOC. SP-TE-iES 34 NTRffiER OF ASSOC. LP-TBÎES 8
* number of short period and long-period arrival- times 'that could-^e

associated with the event

MB : ''5.1 BASED o n '6 STAT STD ' : 0,30
= estimated bddyvrave magnitude basèd' on amplitude and period measurements 

at 6 stations. Standard deviation anong the individual station magnitudes 
is also given.

MS ; 5.0'BASED ON 7 STAT STD : 0.35
= estimated surface wave magnitude bas’ed on amplitude and period measurement 
. at-7 stations. Standard deviation among the individual station magnitudes 
is also given,

CMPX ; 1 .2 3 5Р Ш  s 1 . 2 1 SP\T? ; 0 -9 -18 -I3 -37 STAT ; ARR.
= identification data for the event as reported from station ARR,

CD/45Add.l
page 81

APPENDIX 6.7



2. Bata file formats

The data storage at-the data centers could preferably be divided into several 
data files a.s follows;

- Station parameters and calibration data
- Input data, reported from individual stations
- Output parameters obtained as a result of the processing at the centers
- Internal "book-keeping" 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 modem 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 international'data centers'is given at the end of this appendix.

CD/43/Add.l
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Station parameters and calibration data file

This file 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 
■been out of operation.
Input data file
The file contains all the information that has been reported to the data 
centers via the Ш О /GTS. The contents of this file depend on what actually 
are reported from the individual 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 shoiild also contain all the individual 
station data that are associated with an event. The output file should 
furthermore contain all the unassociated data.



, CD/45/Mi*l
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Intemari '■’’book-keeTâ-Kg-'''. fil-e
This file- should contain a record of the processing that has been carried out 
at the individual centers. It is quite similar to the internal data files
which are presently kept at large data centers.

Level 2. data file
This file would contain all the digital Level 2 data that have heen forwarded 
tb the data centers as results of requests. There will alpo be a need for
archival storage of Level 2 data received on non-digital form.

3. .An example of a possible structure of data files, at International 
Data Centers ,

In the following, an example is given of a possible structure of data files 
at international data centers.



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 fi?oin stations in the 
global network;
To store data processed in the centre;
To ensure the prompt supply of necessary information at the request_qf _ Sta-̂ ,«s
parties to a treaty on the complete and general prohibition of nuclear-weapon 
tests.
Pigure-6,7.J-giv'?s a schematic vie\r of a bank's structure. The data bank's 
information control system comprises the following main elements;
Input and output programmes;
Bank software (set of programmes);
Bank rnformatibn ' fund
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 stored in it:
I. Focal parameters of events located by the centre;
II. Calibration data and particulars of stations;
III. Signal parameters (Level-1 data) from each individual station; 
rv. Original recordings of P and L waves of events (Level-2 data) for each 

individual station;
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 period;
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. 
IkbIe'é.Y.l represents 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 represents file 11, which, in addition to the specifications of 
SP and LP instruments, gives some basic information about the stations 
(co-ordinates, soil conditions). Pile 11 has 11 parameters. Parameter 1 should 
be used for information retrieval.
Tables 3"ajnd 6.7»4 represent file 111 - Level-1 data from all stations in the 
global network. This file is subdivided into tv/o: file 111-A and file Ill-B.
File 111-A (Table 6, 7*3)is designed to store data that have been associated with 
located events; file lll-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 = пгипЬег of stations). Each subfile in file 111-A contains Level-1 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. Paxameters 1 and 2 can be used for information retrieval.

Each of the 111-B subfiles stores Level-1 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-1 
parameters.

Table 6 ,7 .5 represents file IV in station ITo.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 vraves, 30 seconds of noise from SP vertical instruments, 
20-minute segments of L waves from three-component LP instruments and 5 minutes of 
noise from vertical LP instruments. Pile IV is subdivided into M subfiles 
(M = number of stations). Each 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-1 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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Table 6 . 7 Л
Pile I (focal perauieterc)
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F o . of 
para.meter Type of focal parameter Unit of 

measurement
Accuracy of 
mea,sûrement

Vol'lDG of 
data (corn- 
put er-worchs 
l6-bits)

1 i'Tirrnber of seismic event 1

2 Dote of event year, day, 
month

1

3 ' Origin time (T^) hovir, minute, 
second

. 0-1 1

4 Error in T о second 0.1 1

5 Epicentre latitude {(f) degree 0.01 1

6 Error degree 0.01 1

7 Epicentre longitude (TL.) degree 0.01 1
8 Error degree 0.01 1

9 Ma.gnitude Mg (SP instrument) 0.1 1
10 Error O' Kg 0.1 1

, 11 Magnitude Mg (LP instrument) 0.1 1

12 Error o' Kg 0.1 1

13 Magnitude (SP instrument) 0.1 1

14 Error O' Mgg 0.1 1

15 Ma.gnitude Mg^ (LP instrument) 0.1 1

16 Error lOFKgg 0.1 1

17 Ma,gnitude Mg (LP instrument) 0.1 1

18 Error y  Mg ■ 0.1 1

19 Focal depth (h) Ion 1 1
20 Error km 0.1 1

21 Number of stations contributing 
to determination of epicentre

1

22
f

CnrTicnto '
1....................... .. 4

5 •
»
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TabD-e 6-7.2 
File II (sta.tion parameters)

No. of 
parameter Tjip.e of sta.tion parameter Unit of 

mea sûrement
Accura.cy of 
mea.surement

Volume of data 
(computer 
words l6-bits)

1 Number of tbo, station . .
1

1- - ■
2 Sta.tion latitude dc,grce 0.01 1
3 Station longitude degree 0.01 1
4 Type of bedrock 1
5 Height a.bove sea-lmvel metre

SP instrument frequencyrea-
6

ponse; , , 
Z-component (0.25 - Ю  Hz) nm-Hz 30

7 NS-component ( '' " ) ran-Hz 30
8 Ш -component ( " " ) nm-Hz 30

LP instrument frequency res­
9

ponse ; .Z-component (1 - 100 secs) nm-Hz 40
10 NS-component nm-Hz 40
11 E\'/-component nm-Hz 40
12 Date of last détermina,tionof 1

instrument specifications
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ТаЬХе._б„7о
File I I I - A - I  (station iTo. 1, idontilied signals from located events)

No. of 
parameter

Type of signal parameter 
(Love 1-1)

Unit of 
neasurement

5

Accuracj^ of 
neasurement

j Volume of 
date (com- 

i pater-vfords 
j - 16 bits)

1..... Number of event (No, l)
i

1
2 Date of event year, day, 

month
1

3 Epicentre azimuth degree 0.1 1
4 Epicentral distajios degree 0.1 1
5

j  -Local sta,tion correction 
for travel time of P-wave

second 0.1 1
6 Focal correction for 

P-wave se cohd 0.1 1
7

Q
•

Text of telegraphic messag
from station No.l conc.er-
ning event No.l a,s detectei
on SP and LP instruments
(Level-1 parameters)

. : SEISI'IO....•
:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  STOP

•
•
•

*•Ф
••

1••
Number of event (No. X) •• • . »  • ••• «

- SE laio STOP --
* «



Table 6.7 .4
File Ill-B-I (station No. 1, signals not identified with located events)

rE/43/Add.l
page 90

No. of 
parameter

Тзфе of signal parameter 
 ̂ (Level-1)

Unit of 
measurement

Accuracy of 
measurement

1 Voitlme of 
j data (com- 
1 putervords 
} — 16-bits)

1 Number of signal (iTo. l) 1
2 Date of signal year, month,

day 1
3 Arrival time of P-wave hour,

minute,
second 0.1 ■ 1

4 Text of communication from
• station No. 1 concerning
•
• signal No. 1 as detected
•
• on SP and LP instruments
«
• (Level-1 parameter)
•
•
•
•

•
•

•
•

•
♦

Q
•
«

. , .  STOP 
•

9

9
9

•

•

•

•
9

•

1
•
•

Number of signal (No. N)
9
9

9

0

w
9

9
9

9

9
a

•

Q
•

SEISMO . . .  STOP
9 a

I

a
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Table 6.7.3 
Pile IV-I (Level-2 data at Station No. l)

No. of 
parame'ter •

Tj'pe of signal paranieter 
- (Level 2)

Length of 
signal 
(seconds)

Preo^uency
of

quantification

Volume of 
data (com­
puter words 
- It bits)

1 Number of station (No. l) _ 1

2 Number of event (No. l) 1

2 Recording of P-naves on an , 90 20 1 800
SP instrument (Z-component)

4 ’ Recording' of L-waves on a.n
LP instrument (Z-component) 1 500 1 1 500

5 Recording of L-v/aves on an
LP instrument (NS-component) 1 200 1 1 200

6 Recording of L-waves on an

•

LP instrument (EÏÏ-component) 1 200 

•

1

»

1 200 

•

•

•

1 Number of station (l-Io. 1

«

«

«

•

•

•

2 Number of event (No. N)
•

«

6
- - - ^

•

•

•

•
•

•

•
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The bank sofWare uoiild consist of ? set of information-fund control 
pro^ammes'''and "ah information retrieval service. Data received for storage in 
the bank need not be subject to any additional processing or conversion. Thus, 
the bank softv;p.re could be confined to da.to, control and retrieval programmes.

The bank information retrieval lanayiage is the form in v/hich seismic data 
arc printed out. It must be based on parameters selected to suit each file in 
the information fund. The paraxieters selected for inforraation-'^etrieval 
purposes play ca particula,rly important role in the bank data-control process.



Estination of Level 1 and Level 2 data vclunes 
to be handled ab International Data Centers

This appendix contains an estimate of the Level I and Level II data to be 
received and processed at the centers. The purpose of this estimate is to form 
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 specifiedin Appendix 4*2 fcr data transmission on the 
w m o/g i s , since the coding proceduros a,ro entirely difforent.

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

closely linked v;ith 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 ilov; and the volume cf data to be stored in 
the center can be mde on the basis of the number of computer words (l6 bits each)
required to describe a single event on SP or LP equipment at Level I (see Tables 3*1
and 3.2). Such an estimate is given in Table Лб.8.1, for the purposes of which it
was assumed that the global network will consist of 25 type-I stations, 15 type-II
stations and 10 type-III stations.

The number 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 seismic activity at the tine.
The level of seismic noise normally detected by the stations.
The position of a station relatively to the high-seismic-activity zones.
The sensitivity of the equipment and the manner in which it is installed in the 
station.
The methods used to distinguish signals from noise.

The number of signals recorded at individual stations over a 24-hour period may 
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 teleseisnic distances, SP instruments normally 
register only longitudinal wave groups. Deep-focus events a,re normally marked by an 
absence of surface waves.
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Since most of the events recorded at any given station are snail in nagnitnde
and have their focus in the earth's crust, most signals consist of trains of
longitudinalvf,?,ves recorded on vertical SP instrument.

For the salce of simplicity in calculating the data flow from stations to a 
center, it is assumed that over a 24-hour period each station records an average 
of 50 signals, 30 of which consist only of longitudinal \iaves detected on 
SP instruments and the remaining 20 of which consist of P and S waves detected on
SP instruments and P, S and L x/aves detected on LP instruments.

Table A6.8.1
Volume of Level 1 data from stations to an 
international center over a 24-hour period

CD/43/Add.l .
page 94

Type
of
Station

type
of
Equipment
i

jMaximum 
Frequency 
Response 

(Hz)

1
Recorded j 
Wave j 

1 Types I
1 1
' i

■...... ■ ' ' ....i
i Volume of | 
Data (Computer ! 
Words) for ' 
Each Event !

I'lunbor of ! 
Events in 
each 24-hour 
period

Data Plow 
(Computer 
Words per 
24-hour per.)

I ; SP i 11 P ; i 30 ' 930

ilnalog : SPs 1 P-l-S 45 i1 20 IÎ1 900

Rè cording,' LP 0.05 P+S+L : 56 ;1 20 11 1 120

II 1 SP 1 H i 31 30 950

[ Digital SP 1 P+S ' 45 20 900

j Recording' LP 0.05 r+S-:-L < 56 20
i

11 120

1 III ! SP ( 1 i P 47
i

30 1 4101
1 Array 1 SP i 1 : P+S 61 20 1 220

! Stationi ■i
! 0.05 i P+S+Li 'j 60

i
20

1
: 1 200

Using the data provided in Table Лб.8.1, it is possible to calculate 
approximate over-all Level I data floxr to a center from all stations in the 
global ne Work over a 24-hour period.
Type-I stations; 25 x (93О ч 900 + 1,120) = 73?750
Type-II stations; I5 x (93О 9OO 1,120) = 44,250

Type-III stations; 10 x (l,410 -i- 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 amounts to; 73?750 + 44,250 + 38,300 = 15 6,3ОО computer words.



Level IT data
The approximate volume of Level II data received Ъу a center from stations in

response to requests can he estimated on the basis of the assumption (v/hich is of
course highly uncertain) that information concerning five cvoiits characterized by 
P and L waves will be requested each month.

Previous calculations concerning the volume of Level II data (CCD/55O) showed 
that a 60-socond recording of F waves sampled 20 tines por second on a vertical 
SP instrument would amount to 1,2C0 computer words, and a 20-ninute three-component 
recording of surface waves sampled once a second vrould amount tc 3?600 computer words. 
As an extension to the earlier reccmmendatiene, however, it would seem advisable to 
include, in addition to the \raveforns of P and L iraves, snail segments of the noise 
preceding the signals. In the case of SPZ instruments, a pO-socond noise segment 
should be taicen, and in the case of LPZ instruments, a. five-minute segment. In this 
case, a 90-second recording on a SP instrument together with a 25-ninute recording 
on a Z component and a 20-ninute recording on each of two horizontal LP instrument 
will amount to 55TOO words, or slightly more if auxiliary information is taiœn into
account. Thus, the total volume of Level II data for five events per month from
25 stations equipped with digital recording devices would be approximately 712,500 

words. The remaining 25 stations in the assumed global network 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 approximate volume of data to be stored 
in a center subsequent tc the processing of Level I data.

In accordance with the proposed format for catalogues of seismic events, one 
event requires approximately pO computer irords. If it is assumed that, over a 
24-hour period, a center detects ^0 events, each of which is recorded by half the
stations in the global network- i.e. 25 stations, the volume of focal-parameter data
over a 24-hour period will be; 5O x 50= 1.500 ;70rds. The volume of azimuth and 
epicentral distance data for the 50 events detected by a.rray stations over a
24-hour period will be 50 x 25 ^ 2 = 2,500» Thus, the total volume will be
4,000 TTOrds .

If it is assumed that all Level I data received by a center are transferred to 
the banlc for long-term storage (some of the data will be associated \mth located 
events, while the rest will consist of unassociated signals), the volume of data 
received by the bank over a 24-hour period will be: 156,300 + = I60,p00 words.
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Since Level I data and the focal parameters of events \;ill have to he stored 
in the center over a long period, an estiraate should he made of the volume of data 
that may he 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 vrould be approximately 
5 million vrords , so that in the course of one year, the volume of data would be 
about 60 million vrords.
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АРРЕ1Ш1К 6.9
Specification of bho equipnent to be used at InfaernationgJ- Data Centers

This appendix contains a brief description of the equipment needed at the 
individual international data centers to carry out the basics specified for such 
centers. This question is also addressed in tlio first report of the Ad hoc group 
(CCD/558).

International centers in the global netxrork must be equipped to receive data 
tlxrough WHO channels and to process, analyze and store both reported and processed 
data. In this connection, the centers must be provided x/ith suificiently powerful 
modern computers and communication equipment.

The report of the Ad hoc group (CCD/558) suggests tliat centers should be 
equipped as follox/s.

Each center should have a main computer, xrhich xrould process Level I data, and 
tx70 mini-computers, one of xxhich xxould assure communication betx/een the center and 
stations in the global netx/ork and betx^een centers, and the other of xxhicli x;ould 
perform back-up functions. The data center’s mann computer could include the 
following.

A central processor xntli a memory that can store at least 100,000 computer x;ords
and a calculating speed of at least one million instructions per second.
I'lass storage on disk for data and programs, x:ith a capacity of at least
50 million computer xfords.
Four magnetic tape transports for digital recording.
Tiiree interactive terminals.
Access to a large back-up computer (either nearby or remote) in case of a system
breal:dovm.
The data archive function x/ill require another computer xrith a large memory.
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