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ABSTRACT

Data are presented from a preliminary evaluation of seven stations

of the Very Long Period Experiment network; Australia, Thailand, Alaska, Spain,

Israel, Norway, and Ogdensburg. For each station a limited amount of signal and

noise data have been digitally processed, and results are shown describing the

RMS noise levels, noise spectral content, surface wave detection capability and

behavior of the Ms-mb discriminant. Also, preliminary results of a comparison

between M. computed at 20 and 40 seconds are presented.

Neither the Advanced Research Projects Agency nor the Air Force
Technical Applications Center will be responsible for information contained
herein which has been supplied by other organizations or contractors, and
this document is subject to later revision as may be necessary. The views
and conclusions presented are those of the authors and should not be inter-
preted as necessarily representing the official policies, either expressed or
implied, of the Advanced Research Projects Agency, the Air Force Technical
Applications Center, or the US Government.
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• 'SECTION I

INTRODUCTION'1
A. GENERAL

I.The Very Long Period Experiment represents an effort to install

a small network of high-gain, high-quality seismometers and associated instru-

mentation at various locations throughout the world. The instrumentation has

T been described previously by Pomeroy et al (1969). To date instruments have

been installed in Australia, Thailand, Alaska, Spain, Israel, Norway, and New

"- ~Jersey. Detailed studies,of the data from the station at Ogdensburg, New Jersey,

W vere presented by Savino et al (1971). Also Savino presented preliminary results

from all seven of the network stations at the MIT Seismic Discrimination meetingII
" in January 1972, at Cambridge, Massachusetts. His results were obtained pri-

"" mariy from analysis of the photographic records at each sti tion, while results

of this study v.ere obtained from the digital recordings.

In this report the seven individual stations are evaluated separately; 3

the stations are evaluated as a network in Special Report No. 8 (Alsup, 1972)

of this contract. The geographical location and code number of each station is

shown in Table 1-1.

Because the amount of digital data processed thus far has been

relatively small and somnewhat scattered in time, results presented represent

oAly a preliminary evaluation of the seven stations. The evaluation includes ana-

ly~sis of the individual station RMS noise levels, noise spectral content, station

"surface wave detection capability, and behavior of the Ms-mb discriminant. Also,

calibration analysis is presented for the Thailand station. One important aspect

mu •of the Long Period Experiment has been a comparison of the station detection and

-4. classifidationi capability at 20 and 40 seconds. Therefore, we have undertaken a



TABLE I-I

STATIONS OF THE LONG PERIOD NETWORK

Coordinates

Latitude Longitude I
Station Code (deg:min:sec) (deg:min:sec) I] 'I

Australia 1 20:05:18 S 146:15:16 E

Thailand 2 18:47:24 N 98:57:37 E

Alaska 3 64:53:58 N 148:00:20 W

Spain 4 39:51:36 N 04:01:12 W

Israel 5 29:19:48 N 34:32:12 E

Norway 6 59:39:00 N 09:37:48 E

Ogdensburg 7 41:04:00 N 74:37:00 W

1-2 -:
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!I,
detailed study of the surface wave magnitude, M., ccmputed at 20 and 40 second

and preliminary results of this study also are presented.

B. DATA BASE

I Table 1-2 shows the digital data processed for each of the seven

stations. Attempts were made to analyze essentially all of the available data

through November, 1971 at all stations except Ogdensburg. However, a sub-

stantial amount of the data at each station had to be eliminated due to the follow- i

J ing problems:

• On a large number of occasions (nearly all of the Australian data)

tape formatting problem- in the digital systems prevented reading

of the field tapes. Formatting problems included illrugal sample

rate, illegal number of channels present, and bad timing words in

the header records. Also anot-her type of error is the absence of

the channel one sync flag in the first channel one sample point in

each record.

. Several field tapes had short inter-record gaps which caused the

tape drives to mis-position between records and hence caused pro-

blems in reading the header records (especially the Spain tapes).

* Some tapes had spurious end-of-file marks in the middle of the

"tapes, while other tapes were not terininatcd with an en' )f-file.

"mark.

0 On several occasions, the field tapes had bad data due to various

hardware problems (PTA's at Israel and the digital system at

Thailand).

Table 1-3 lists the number of events processed at each station.

This table does not include a large number of Thailand and Israei events which

were edited and not processed due to the afore-mentioned PTA and digital system

1 1-3
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TABLE 1-2

LPE DATA PROCESSED

AUSTRALIA THAILAND
January 24 -February 6, 1971 January 24 -February 6, 1971

February 9 -February 14, 1971
March 22 - March 24, 1971
April 4 - April 30, 1971
May 3, 1971
May 16 - May 31, 1971
June 4, 1971

October 20 - October 26, 1971

ALASKA SPAIN

October 11 - October 18, 1970 A-igust 17 - September 1, 1971
January 24 - February 6, 1971 September 10 - September 17, 1971
February 9 - February 15, 1971
March 3 - March 19, 1971
March 22 - March 24, 1971
August 8 - August 24, 1971
October 30 - November 9, 1971

ISRAEL NORWAY

January 24 - February 6, 1971 September 19 - September 24, 1971
February 9 - February 14, 1971 October 3 - October 26, 1971
March 29 - April 30, 1971 November 6 - November 9, 1971
May 16 - May28, 1971
June 2 - June 13, 1971

OGDENSB URG

December 17 - December 23, 1970
January 24 - February 6, 1971
March 22 - March 24, 1971
June 4, 1971
August 9 - August 24, 1971
September 10 - September 17, 1971
October 3 -October 26, 1971

1-4
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' I TABLE 1-3

LPE EVENTS PROCESSED

l Station Events Edited Bad Data Interferring Event Event Processed

Australia 7 1 2 4

Thailand 45 3 2 40

Alaska 84 11 8 65

Spain 30 2 2 26

Israel 34 1 4 29

Norway 32 0 1 31

Ogdensburg 64 2 5 57
i "TOTALS z0 24 252

I9 ...

S1-5
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Iii

problems. A total of 252 events were processed; however, multiple'- station

data were available for only a very limited number of these. Essentially.all of

these events were either in or on the edges of the Sino-Soviet bloc, and most of

the events were either shallow (less than 60 km) or had unr'eported'depth. A

complete list of all the events edited for each station is given in Section IV.

The events analyzed came from a reference list which was a

combination of PDE and LASA bulletin data. The LASA bulletin data was in,-

cluded because PDE coverage below mb 4.5 in the Sino-Soviet bloc is sparse.

The LASA bulletin, while not offering complete, coverage, does provide event

data to mb 4. 0 and below for some regions (e. g. the Kurile Islands). However,

use of the LASA bulletin does provide some problems in that occasional deep

events may be included in the event ensemble.

From Table 1-3 it is evident that eight percent of the 276 good ..

events could not be analyzed due to the presence of large interferring events.

(It should be noted that numerous other events were not edited when PDE or

LASA bulletin data showed that large interferring events would coincide with the

event arrival at the station or stations of interestC ) However, it is possible that

most of the 20 interferred events would not have been masked at all seven of, the

stations. It is hoped that the interferring event problem can be analyzed further

in the futurr, when the entire network becomes operational.

I-

I- 6
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K I SECTION 11

Iv STATION CALIBRATIONS

Of primary concern to the LPE analysis has been the unavailability*1
4 of full frequer~cy calibrations for all of the stations. Although full frequency cal-

T'ibrations ; were generated and recoided for all seven of the stationswe have been

able to sucdessfully read and analyze only one of the tapes(Alaska). Therefore,

the calibration and instrument response data furnished.to us by Pamont Doherty

Geological Observatory has been used. The 40 second gaiq factors supplied by

Lamont are shown in Table I1-1. One factor about the various responses which

should be. noted is that they are all different in both shape and absolute levels

S - (i. e. • they are different between stations and between components at each of the
stations). '

As stated above, we were able to read the full'frequency calibration
I

data for the Alaska station.' From these data we, computed instrument responsqs

"and gain correction factors, which agreed with those supplied by Lamont. We

also checked the gain factors for Alaska by computing spectra from a large signal

,. recorded at the Alaska station and at the ALPA array. Both spectra were comput-

ed using the same technique and 'data, then the instrument responses were re-

moved, and the resc'ting spectra agreed very well in both shape and absolute

level.

However, during analysis of the Thailand data, it apppared that the

calibration data for the station might 6e incorrect. The relationship betwe'en the

40 second gain factors for the station did not agree with those for the magnification

c~urves supplied by Lamont1 (Figure TII-(C)). Therefore we Fourier analyzed a

, I daily calibration pulse for the station to check the supplied responses. and gain

*factors. The pulses, shown in Figure II-I(A), were ýedited,, Fourier transformed,

,' I•' • -J
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and then the amplitude at each frequency was computed by:

A(f) = VReal (f)4"+ Imaginary (f)2  (1)

where Real (f) and Imaginary (f) are the real and imaginary terms of the [j

Fourier transform at frequency f. Next the system magnification at each fre-

quency was computed as

y(f) =A • (2)

where w = Zirf.

The y(f) were then plotted versus period in Figure 11-I(B); note the close agree-

ment between the two vertical and East-West components (II-I(B) and JI-I(C));

however, the North-South components are very different.

To check the instrument gain correction factors, the y(f) at 40

seconds in Figure II-I(B) were measured as

Vertical= .369

North-South = .282

East-West .351

Since all three responses were computed from pulses generated using the same

input current, we assumed that the output number y(f) times the instrument gain

correction factor (Table 11-1) should be the same for all three components.

Therefore

.369*ZCF = . 282*NCF = . 351*ECF (3)

where ZCF, NCF, ECF are the gain correction (actors at 40 seconds for the vertical,

North-South, and East-West components, respectively. If we now assume that one

of the Lamont supplied conversion factors is correct, we can solve for and check

the other two. Therefore, let ZCF = . 806, and

NCF = 1 .05

ECF = 0.846

These numbers agree very well with those supplied by Lamont (Table II-1)

N-S = 1.14

E-W = 0. 806

These results show the relationship between the gain correction factors is correct;

U-4



SI however, it does not show that the absolute calibration levefs are correct. It is

hoped that additional full frequency calibrations will be performed during the

coming year so that the gain correction factors from computer counts to milli-

microns of ground motion at each station can be verified.

I

~1
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SECTION II

NOISE ANALYSIS

To study the noise field at each of the stations, one hour noise

samples were edited and analyzed for various time periods for the available data

bases. The edited samples were Fourier transformed and then noise power

Ii spectral density plots were computed. Also, RMS noise levels in the 20-40 sec-
S - ond band for the data were computed. In both the power spectral density and the

RMS computations, the data were normalized using the 40 second calibration in-

formation, but the system responses were not removed.

A. SPECTRAL CONTENT

4, Figure II-i shows a noise spectrum for Australia. The vertical
component is relatively flat in the 20 to 50 second band and fairly well behaved

at longer periods. Both horizontal components are about flat to 50 seconds, but

:. •"both have higher levels at longer periods.

Figure 111-2 shows a noise spectrum for Thailand. All three cora-

ponents increase rapidly at periods larger than 25 seconds, however the vertical

component still is relatively low level at 50 seconds. Both horizontals are ex-
tremely noisy in this sample at longer peri-ds. As will be shown later in this
section, the horizontals for this site are generally two to three times as noisy

as the vertical for RMS measurements between 20 and 40 seconds.

Figures 111-3 and 111-4 show spectra for two noise samples at the

Alaska station. In Figure 111-3, the spectra have a fairly strong peak at 16 to 18

seconds, but are relatively low level (below 40 dB) out to nearly 50 seconds. In

the second case, Figure 111-4, the spectra are low at the microseismic peak, but

increase monotonically at periods longer than 20 seconds and reach levels of up

"to 50 dB at 50 seconds. It should be noted that thes-, noise samples are onlyii ---- l-



60 -f -

AA

I 1 1

40I

-vI-



60

so

'40 IN

1 1

I-l I

120

j40

0.0 0.02 0.04 0.06 0,08 0.10
Frequen~cy (Hz)A
FIGURE 1r1-2

THAILAND NOISE POWER DENSITY SPECTRA
2/2/71 6:56:00

111-3



60 LLf

Ln 50 
L J-!

J--Ij I

N 4

. . I .L:Ji~i ,::uJ4.:i~t.t~t~~4-~§i1  I

J41

002 0A4 00 .8 01

4- JA I



FJ'
60 -.. bA.iýJ

II
50 01 .11;1 % 1 11

N I ~ A' I-}it

-
--

too

30-

.34

.3- 14U
-~ L4-- '- ~ - - -L

vS

J I.

- 14 ~[ -H-i-i-
LL '_r

1 3--..-oI

4+4
041ý. 0 0.02 0.04 0:06 008.1

Frequency (H e,JZFIGURE M-.4
ALASKA (HIGH 20-40 sec EMS LEVEL) NOISE POWER DENSITY SPECTRA

10/31/71 (DAY 304) 12:00:00



seven days apart in late 1971, suggesting that the Alaska noise characteristics

are highly variable. One possible explanation for the high long-period noise

level in Figure M11-4 is that the system had not stabilized iol1owing maintenance

performed on October 26 to 29, during which time the instrument vault was

opened. If this werc. the sole cause of the high noise level, it could be expected

that the noise level on October 30, 1971 (the day preceding the Figure 111-4 noise

sample) also would be high. However, vertical RMS noise level data (shown

later) are low on day 303 and then jump on day 304, which indicates that the high

level on day 304 probably is not due to an unstabilized system. Also, analysis

of the Alaska Long Period Array (ALPA) data during the time period days 304-

310 has shown relatively high noise levels for that station. Therefore, it appears

that the relatively higher long period noise level shown in Figure 111-4 is real.

While no direct evidence to explain the cause of these high levels is available, it

seems most reasonable to attribute them to atmospheric effects (e. g., conden-

sation within the pressure tank or an imperfect pressure tank seal which may

have made the instruments susceptible to pressure variations). The fact that the

pressure tanks had been openedfor maintenance prior to the time period these

data were recorded tends to support this suggestion.

Figure 111-5 shows a typical Spain noise spectrum. The vertical

is relatively flat and quite low between 20 and 50 seconds, the East-West is

acceptable to about 35 seconds after which it increases rapidly. However, the

North-South component is very noisy.

Figure 111-6 shows a typical Israel noise -pectrum. The vertical

component is relatively flat and very low level between 20 and 50 seconds, while

the East-West component is fair in both respects. The North-South component

appears to be the lowest of the three; however, there is some question as to the

actual gain of the component. It appears that the Israel station should be one of

the more sensitive stations in the network.

Figure III-7 shows a typical Norway noise spectrum. The vertical

component is relatively flat between 20 and 50 seconds. Both horizontals are also

111-6
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relatively flat to about 30 seconds. However, all three components and especially

ihe vertical, are relatively low level. It appears that Norway,, also should be. a

sensitive station.

Figtire 11-8 shows a noise spectrum for the Og~ensburg station.

All three components are relatively flat between 25 and 50 seconds. However,

in addition to a large increasq at periois greater than 50 "econds, all thr~e corn-'

ponents show a very large microseismic noise peak at about 18 seconds.

B. RMS LEVELS IN THE 20 TO 40 SECOND BARD

Figures 111-9 to 111-15 show RMS noise levels in the 20 to 40 second

band for all three components at each station as a function of time. (The RMS

frequency band is shown in the ppwer spectra of Figures 111-1 to 111-8.) All data

presente were recorded during 197ý. The RMS levels are expressed in my of

ground motion and were obtained by norm~alizing using the 40 second dalibration!
Sinformation.'

Figuie 111-9 shows tle Australia RMS data. Only two noise samples

were edited for' this station and represent too small a sample from which to draw
any definitit apear that the noise levels for this,

y However,

station sh-ild not differ'greatly from that for the other six stations.

Figure, 111-10 shows the RMS levels Ifor the Thailand station. The

verticil component is fairly low and averages about 4 mp. Both' horizontals

appear to be more variable and average about 9 to 10 rap.

Figure Il-11 shows the Alaski RIAS data. Early in 1971 (left of thefiue all i I. Laer.ata

figure) all three components. were similar and low level (2 to 6 no). Later data,

-however (right of the figure) are' much noisier; a result of the higher spectral

levels at long periods. The, RMS noise levels for days 300 to 315 does tend to-I•

cluster into two groups, -around 7 mp and 15 rp, respectively. As indicated.

earlier,' it appears that the increase in RMS values from, the first of the year; to

the higher levels around day 305 may be due, at least in part, -to installation

difficulties resulting from the removal of the pressure tanks during station main-
I

tenance.

11-,10
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EFigure 1s1-12 shows the Spain RMS noise levels. The vertical

generally is below 6 mrp, although it does range up to 11 on a few occasions. The

East-West is quite stable, about 5-7 np for days 230 to 240 and about 8-10 rn

for days 253 to 259. The North-South component is quite noisy at about 15 mp

for days 230 to 240 and 20 to 25 mrp for days 253 to 259. (The values on days

i -- 253, 255, and 256 are greater than 25 mnp.)

"From Figure 111-12, it appears that the noise level at the Spain

station may increase during the fall and winter months. Thus, several noise

samples recorded on January 9, 1972 were edited and analyzed. The average

RMS noise levels for these samples are vertical -10 mp, North-South -10 mp,

and East-West -7 mnp. The vertical level is slightly higher than observed for

I the earlier data, the East-West level is about the same, but, surprisingly, the

North-South level is much lower. This suggests that the North-South component

I stabilized and its current performance may be comparable to the East-West

component.

Figure 111-13 shows the Israel RMS noise levels. The vertical and

apparent North-South noise levels are below 5 nw for all samples, and the East-

West levels range from 4 to 10 mip. As stated earlier, the low North-South levels

may not be real because the North-South component was affected by a bad PTA

during the first half of 1971.

Figure 111-14 shows the noise RMS levels for the Norway station.

For all three components, the levels generally range from about 3 to 8 rnij. Also, I
for the samples shown, the East-West component is usually the noisiest, and the

North-South is a little quieter than the vertical.

Figure 111-15 shows the noise RMS levels for the Ogdensburg sta-

tion. The vertical RMS levels appear to be quite variable ranging from 3 to 20 rp.

Also, both horizontals are quieter than the vertical component.

Average RMS values were computed for each station and component

and are tabulated in Table 111-1. With the exception of the Ogdensburg and later

111-'15
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TABLE III-1

AVERAGE RMS VALUES IN BAND 0. 025 TO 0.05 Hz IN
MILLIMICRONS OF GROUND MOTION

Station No. of Samples Vertical North-South East-West

Australia Z 5.5 5.5 7.3

Thailand 9 3.7 9.0 9.9

Alaska 16 8.0 7.8 7.7

Spain 21 4.9 1 6.3

Israel I 16 3.5 7.3

INorway 17 4.8 4.0 6.1

Ogdensburgl 38 8. 9 3.3 6.0

111-2 0



!I Alaskan data, the vertical RMS noise levels observed in the 20 to 40 second

band are generally around 5 ni, and the horizontal levels are more variable

but generally higher than the vertical levels. Note that 20 to 40 second RMS

noise levels (computed in the same way) for ALPA and NORSAR are usually a-

bout 7 or 8 rnp. There are two possible explanations for the lower RMS noise

T levels as compared to ALPA and NORSAR. First, since the system response

was not removed in the RMS calcu!ations, then the RMS noise level for the Long

T Period Experiment instruments, which are peaked near the earth noise minimum

(40 seconds), should be somewhat lower than the level for the ALPA and NORSAR

-T instruments which are peaked at 25 seconds (closer to the long period micro-

seismic energy peak at 16 to 1 seconds). The second possible explanation for

the lower RMS noise level is that the Long Period Experiment instruments are

IM better shielded from atmospheric effects at longer periods, and so are "quieter"

at longer periods. The latter possibility is supported by the previously discussed

results on the increase in the Alaska RMS noise level after the instrument pressure

tanks were opened.
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I

:1SECTION IV

SIGNAL ANALYSIS

A. SURFACE WAVE DETECTION DATA

-I To study the earthquake surface wave detection capability for each

station, the usable signals from each station (shown in Tables IV-l to IV-7) were

rotated to a vertical, transverse, and radial coordinate system, bandpass filtered

using both 20 to 40 and 30 to 50 second passbands, and then graphs of detection

for bodywave magnitude versus delta were plotted. The events analyzed were not

matched filtered, since we do not yet have good matched filters for the various

areas of interest; also, no multi-component processing was performed due to the

- large differences in the component instrurrn nt responses at each station. Thus

some events which were not detected by the simple processing employed here may

have been detected with the application of more sophisticated techniques. Also,

the data ensembles are not large enough to define precisely the stations' detection

"7- thresholds; therefore, these results are presented only to provide a preliminary

indication of the station performances in detecting a small suite of events.

Figure IV-I shows the Australia detection data. Very little can be

concluded from this figure due to the lack of available data for the Australian

station. The one event not detected, mb= 4. 8, was from the Kurile Islands.

Figure IV-2 shows the Thailand event detection data. Essentially

all of the events analyzed at Thailand were taken from the PDE data and are

limited to m b_ 4.3. Three events (mrb= 4. 5 from E. Caucasus, mrb= 4. 6 from
Kamchatka, and rob= 4.8 from Kurile Islands) were not detected, althougha
possible Love wave detection was obtained for the E. Caucasus event. As mention-

ed earlier, the Thailand calibration data are uncertain, however it does appear

that the Thailand surface wave amplitudes are generally lower than those for the

other stations.

IV-
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I Figure IV-3 shows the Alaska detection data. The large cluster of

events between 27 and 41 degrees are Kuriles-Kamchatka earthquakes; the events

below mb= 4.4 were reported primarily by LASA. From the Kuriles-Kamchatka

region all events with mb? 4. 0 were detected, while no events below mn 0

i were detected. The events in the 60 to 80 degree range were primaril M

Nothern China and the surrounding areas. In this range, available events were

limited to mb Ž:4. 5. Only one event, an mb= 4.6 from Western Iran was not

S- detected. It should be noted that about one-half of the events analyzed were from

the low noise level period at the beginning of 1971, and the other half from the

higher noise period near the end of 1971.

Figure IV-4 shows the Spain detection data. The cluster of events

between 83 and 95 degrees are from the Kuriles-Kamchatka area. The remainder

of the Spain events are scattered throughout seismic areas in the Sino-Soviet bloc.

Five events with mb - 4. 0 were not detected, including an m 4.4 from Kirgiz-

Sinkiang (A= 590).

w lFigure IV-5 shows the Israel detection data. Most of the events

were less than 30 degrees epicentral distance, although a few Kuriles-Kamchatka

events (at 850) are included. All of the events analyzed at the Israel station, ex-

cept one mb= 4.8 from the Kurile Islands, were detected. The Israel detection

threshold appears to be below the mb level of the events processed to date; recall

that Israel has one of the lowest RMS noise levels and a relatively flat noise

Sspectrum in the 20 to 40 second range.

Figure IV -6 shows the Norway detection data. All of the events

analyzed were detected except for an mrb= 3. 9 from the Kurile Islands. The

i- cluster of events near twenty degrees were from Iran, Turkey, Italy, and the

Black Sea area. The other events were from the Kurile Islands, Tibet, the

-V East Coast of Russia, and Tadzhik.

Figure IV-7 shows the Ogdensburg detection data. For Ogdensburg

I all events with mb >4. 8 and all events with delta less than 70 degrees were

I IV-ý 3
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recorded. The large cluster of small events, mb L4. 2, which were not detected

were from the Kurile Islands region and the mb= 4. 2 at 95 degrees was from

Northern Sinkiang Province. The four large events not recorded were from

Northern Sinkiang Province (mb= 4. 8, Delta = 95), Western Iran (mb= 4. 6,

Delta = 87), Kurile Islands (mb 4. 8, Delta = 81), and Caucasus (mb 4.8,

Delta 76).

B. BEHAVIOR OF Ms -mb

Figures IV-8 to IV-15 show Ms-mb plots for the seven stations.

In these figures, only events with either normal or shallow depths are shown.

The mb values were taken from.r either PDE or LASA bulletins,

and the M values were calculated using:

.Ms log - + 0.92 +logA, A<250
T
Ao"" Ms log- + 1.66 • logA, A_•25° (Evernden, 1971)

Where: A is the peak-to-peak amplitude in rnp

r is the period

A is the distance in de j,rees

For this study all amplitude measurements, except those in Figure IV-10, were

made using the largest peak-to-peak excursion for the vertical Rayleigh waves

in the period range between 17 and 25 seconds. (Figure IV-10 was made from

Love wave measurements at Thailand). Due to the limited number of events from

known test areas analyzed, data for presumed explosions of Savino et al (1971)

from the Ogdensburg station and our presumed explosion data from the Alaskan

station (hereafter called the presumed explosion data set) have been included on

S some of the Ms-mb plots. Also for reference, Richter's Ms-mb curve for earth-

quakes is shown.

U -- Figure IV-8 shows the Ms-mb plot for the Australian data. As in

S- the Australia detection plot, the number of events analyzed is too small to reach

any definite conclusions. The three events shown are separated from the pre-

sumed explosion data set.
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Figure IV-9 shows the -mb plot from Thailand. Although'the

~ T earthquakes show some separation from the tvo events krom known test areas

(recorded at Thailand), the separation is not as clear as that shown for other

• [stations. It appears that the Rayleigh waves for events from north of the Thailand

station are being severely attenuateh as they propagate to the station, or the

Thailand station is situated in a nodal direction t6 the 'ault planes of events from

North of the station. To study this the two Thailand horizontal compdnents were

equalized, using an- amplitude scale factor, and rotated to a transverse-radial

coordinate system., Then values *ere recalculated from the Love waves.
S

The Love w~ve and 'vertical Rayleigh wave M values are shown in'Table IV-8

and are'plotted versus mnb in Figure IV-l,0. (As, seen in Table IV-8, there will
" * not be an LQ data point for each LR point in Figure IV-l 0.') The earthquake

Love wave Ms values average about 0. 6 m•ignitude units more than the Rayleigh.

~' wave M. values. Love waves were not detected Irom either presumed explosion;

however the threshold values increased by about 0. 6 units because of the higher

* noise level on the Thailand horizontal components. Therefore it is not possible

to determine from the available data sample the' behaviot of Me-mb at this statio.

except to say that is appears that the use of Love wave data for events north of the

station may Be necessary for discrimination.

Figure IV-li shows the. Ms-mb data for the Alaskan data. ThisS b,
-figure shows generally good separation between the earthquake population and the

presumed explosion data set. Two earthquakes at "A" (mb= 4.7 M= 3. 1) and

"B" (rb= 4.8, Ms= 3.2) have somewhat low values; both events were relatively

1 ! deep (66 and 40 km respectively), according t6 PDE. Note that Sayino's data

- points for presuni .1 e.--.-xlosions (Ogdensburg data) tend to~agree with those obtain-'

cd from the Alaska station.

Figure IV-12 shows the MsTmb data for Spain. 'The data are very

limited, but separation between the earthquake andi presumed explosion data set

"ralues is typical. Two of the ten earthquakes at points "'A, (r= 4. 4, M•s= 2 8)

aV-31
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TABLE IV -8

TH VILAND Ms COMPARISON OF LQ AND LR WAVES
(PAGE I OF 2)

Number m M,(LQ-Z0 sec) Ma(1LR-20 sec)

t 43 4.9 1 3.4

44 5.2 5.5 5.25
"" 62 4.6 Not Detected 3.75

"69 4.5 4.1 4.3
"70 4.8 3.95 2.75
76 5.3 5.3 3.95
77 4.3 B 3.1

i 82 4.9 4.85 4.15
83 4.5 4.55 4.3
84 4.8 5.0 4.4

151 5.8 T3.5 3.1

153 6.0 6.2 6.15
154 5.7 5.5 4.9

S155 6.0 6.25 4.95

156 5.8 5.9 5.5
158 5.3 4.8 3.6
1159 5.3 4.9 3.05

160 5.0 4.25 3.7
161 5.1 5.0 4.35
162 5.0 4.45 2.7

168 4.8 4.2 3.2

169 4.5 3.4 2.6

-IV-33
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TABLE IV-8

THAILAND M. COMPARISON OF LQ AND LR WAVES
(PAGE 2 OF 2)

Number nb _Ms(LQ-20 sec) M.s(LR-20 sec)

171 4.5 4.0 3.0

178 5.4 5.7 4.8

182 4.9 3.4 3.15

183 5.6 6.0 4.95

185 5.2 T3.5 T2.45

186 4.8 3.55 3.3
187 4.9 4.9 4.25
189 4.9 5.05 4.1

190 5.3 5.35 4.85

LEGEND

T - The Ms value is from the maximum amplitude in the expected
signal gate.

B - Event not detected due to bad data on field tape.

I - Event not detected due to interferring event.

I 3I

* ,
•; .
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and "B" (mb= 5. 0, Ms- 3. 5) appear to be somewhat low. Both of these events

are relatively deep (A= 63 km and B= 54 kin) which may account for their low

values. . j
Figure IV-13 shows the Ms-mb data for the Israel data. Again

typical separation between the earthquake and presumed explosion data set values

is observed. One point, "A" (mb= 6. 0, M = 4. 9) is somewhat low. We have no

explanation as to cause for the low Ms value for point "A", as it is 4 sh4llow event
(depth = 3 km); however the event is fairly close to the station (delta 11 degrees)

which possibly could affect the M. value.

Figure IV-14 shows the Ms-mb data for the N4orway data. The

figure shows very good separation between the earthquake population and the pre-

sumed explosion data set. (Note that the four events from known test areas in this

figure were from Norway data. ) It appears that classification using the M -m' dis-
sb

criminant for the Norway station should be very good.

Figure IV-15 shows the Ms-mb data for the Ogdensburg data. This

figure shows fair separation between the earthquake and seismic events, from

known test area populations. However, four points--"A,I "1B," "C, " and "D"-

might be questionable. Point "A" from Tibet (mb = 5. 0, M = 3.4) is very low,
bS'

and point "B" from Severnaya Zemlya (mb =5.0, M/G = 3. 8) is sornewhat low. We

have no explanation for the low M values for these two events; however, the M!S

value for the Tibet event was also very low for the Thailand LR waves (M = 2. 7).I S

Point "C" appears higher than the other seismic events from known test areas

(Ural Mountains, mob= 5.6, M =4.1), and point "D" is a threshold value.b s

In summary, it appears that the Ms-mb relationship for the LPE

stations will be typical of that observed at other stations (i. e. LASA and ALPA).1

That is, separation between earthquakes and events from known test areas will be

generally good, with the exception of occasional earthqu,•kes which fall somewhat

below the bulk of the earthquake population. Also, separation for the Norway

station appears to be very good, and classification for the Thailand station appears

to require the use of Ms measurements from Love as well as Rayleigh waves.
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C. Ms(40) - Ms(20) RELATIONSHIP

One important aspect of the Very Long Period Experiment is a

study of the relationship between surface wave magnitudes computed at 20 sec-

onds, Ms(ZO), and 40 seconds, Ms(40). Savino et al (1971) suggested that for the

Ogdensburg station, the Ms-mb discriminant for M,(40) produced a larger separ-

ation between earthquakes and explosions than did the Ms-mb discriminant for

Ms1,20). M,(40) versus M.'20) was plotted for the shallow events shown in Tables

IV-1 to IV-7. In this plot, Figure IV-16, only events which were clearly detect-

ed at both Z0 and 40 seconds are included. Note that of the 171 shallow earth-

quakes analyzed there were 31 events for .hich 20-second but no 40-second

energy was detected.

First, second and third order ploynomials were fitted to the data

of Figure IV-16 using the least-mean-square error criterion with Ms(20) as the

independent variable. The straight line fit is shown by the dashed line in the figure

and has the form

Ms(40) =. 95 Mr('ý'0) - . 39.

The second and third order polynomials showed no significant curvature and pro-

duced only minimal decreases in the mean-square-error when compared to the

firaz order polynomial. These results show that the first order fit to the data

is adequate. The approximate one-to-one slope obtained implies that the relative

amotuit of 20 to 4C second energy remains constant (on the average) over the mag-

nitude range 3 4 Ms5 (20) K_ 6. A one-to-one slope is consistent with that presented

by Aki (1967), where he shows that the displacement spectral density should re-

main constant over the period range 20 to 500 seconds for earthquakes having

MS values between 3. 5 and 5. 5.

If the dieplacement spectral density i 3 the sa e at 20 and 40 seconds,

then neglecting effects such -s frequency-dependent attenuati,.n and source depth

the N%(40) values should be 0. 2 units below the Ms(20) values. I-- magnitude

difference of 0 39 was ob" tined for these data (if the slope was constrained to be

IV-42
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1:1 the difference was 0. 50); this implies that on the average 40-second am-
SIlitudes are a factor of 1. 2 to 2 smaller than 20 second amplitudes., Factors of

this size are consistent with data presented by Savino et al (1971). S

As previously mentioned, 31 of the 171 earthquakes were detected 7

at 20 and not at 40 seconds, indicating thft the station's detection capabilitiea are

somewhat better at 20 seconds. These 31 events were from various seismic re-

gicns, were well distributed over the 0 to 60 km depth range,' and occured over "

a wide range of epicentral distances (from 7 to 110 degrees). Therefore, it 'is

difficult to explain the apparently poorer detection capability at 40 seconds on the"

basis of either source or path effects.

As indicated previously the signal amplitudes at 40 seconds were

about 1/2 those at 20 seconds; preliminary measurements of noise amplitudes

give about the same relationship. This suggests that the signal-to-noise ratios
(and hence detection thresholds) should be about the same, which appears to be

contrary to observation.

One possible explanation for thir discrepancy is" as follows. De-

tection at 40 seconds was made from visual analysis of the vertical component after

applc..tion of a 30 to 50 second bandpa.ss filter. At some.of the stations, the noise

levels increase rapidly at periods slightly larger than 40 seconds; this Jnergy

would not be attenuated by the bandpass filter and would tend to obscure the 40-

second signal energy, if present. The percentage of misses at 40 seconds was

highest for Alaska an-d Thailand, where the noise increases rapidly at periods

beyond 4C seconds, and lowest at Israel, Ogdensburg, and Norway, where noise

levels are relatively low to beyond 50 seconds. Thus it appears that the 40-

second detection capability could be improved over that indicated here by select-

ing a more appropriate bandpass filter at stations where the long period noise

levels increase ra' 4y. However, there do appear to be some events whdre the

40 second energy - "mply is absent.

Finally, a very important observation from Figure IV-16 is that

the presumed explosion M8 (40) - M (20) values do not separate from the earthauake

IV-44



:popitlation.' This implies that th6 avera,, sjar ation betwipen" ear'thqtiakes: and
presumed eecplo'sions ils not greater for M (401 : mb than it is for M (20) : mb

I IWhile it is clear that the observation is correct for this e -ent ensembled, data

from moire presumed exlsosare required before' a definite conclusion can be

reached. It should also be pointed out that the 40-second data may still be prefer-

able for discrimination if the' scattgr in the vlmb plots is reduced.
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I SECTION V

CONCLUSIONS

Preliminary evaluation of the seven stations of the Very Long

Period Experiment network has led to the following conclusions:

1. The vertical noise spectra generally are about flat and low level

between 20 and 40 seconds, however they do increase rapidly at periods beyond

40 seconds at some stations. The horizontal noise spectra generally begin to
0I

increase at periods shorter than 40 seconds.

2. The vertical RMS noise levels in the 20 to 40 second band are

genierally around 5 mp, the horizontal levels are more variable but generally

higher than the vertical levels.

3. Our data base is not yet large enough to make definitive esti- j

mates of the stations' detection thresholds. However, some preliminary state-

ments can be made:

* Generally, the stations' detection thresholds

for shallow focus earthquakes appear to be in

the range 4.0 to 4. 5 mb for 300 epicentral

distance and 4.5 to 5.0 for 600 to 800.

• -Israel and Norway appear to be somewhat

more sensitive than the other stations. Thai-

land .ot particularly noisy, but recorded

surface waves seem to be lower amplitude than

at other stations.

• - V-1
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* The detection capabilities at 20 seconds appears to be some-

what better than that at 40 seconds; the difference may not

be as large as inuicated by our data if careful bandpass

filtering is done at each station.

4. The Ms:mb plots for the seven stations analyzed are typical of

those observed at other stations. Separation between earthquakes and events

from known test areas is generally good, except for a few earthqv-kes at each

staticn which have M :mb values somewhat below the bulk of the earthquake

population. (It should be remembered that Love wave M values may be

necessary to give good separation to the Thailand Ms:mb plot.)

5. The relative amount of 40 and 20 second energy does not appear

to depend on event magnitude for events with 3L-M L-6.

6. Based on results from a large number of earthquakes and a small

number of explosions, it appears that no increase in average separation between

earthquakes and presumed explosions will be obtained by using M (40):mb instead

s bof Ms(2 0): m b.

V-2 "



Ii:
SECTION VI

SREFERENCES

Aki, K., 1967, Scaline Law of Seismic Spectrum; J. Geophys. Res., 72, 1217.

SAlsup, S. A., 1972, Preliminary Network Evaluation Studies; Special Report No.

8, Prepared for AFTAC, Contract F33657-71"-C-0843, ARPA Order No.

"- 1714, Services Group, Texas Instruments Incorporated, Dalas, Texas,

April.

Evernden, J. F., 1971, Variation of Rayleigh-Wave Amplitude With Distance;

Bull. Seismol. Soc. Amer., 61, 231.

Murphy, A., 1971, High-Gain, Long-Period Seismograph Station Installation

Report Chi "ng Mai, Thailand; Lamont Doherty Geological Observatory,

ARPA Order No. 1513, March.

Pomeroy, P.W., G. Hade, J. Savino, and R. Chander, 1969, Preliminary

Results from High-Gain, Wide-Band, Long-Period Electromagnetic Seis-

mograph Systems; J. Geophys. Res., 74, 3295.

Richter, C. F., 1958, Elementary Seismology; W. H. Freeman and Company,

San Francisco.

Savino, J., L. R. Sykes, R. C. Libermann, and P. Molnar, 1971, Excitation

of Seismic Surface Waves with Periods of 15 to 70 Seconds for Earthquakes
and Underground Explosions; J. Geophys. Res., 76, 8003.

Savino, J., 1972, Presentation at the MIT Seismic Discrimination Meeting;

Cambridge, Massachusetts, January.

-- 4
" ]I


