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ABSTRACT1-

NETWORTH is a computer program which calculates the detec-

tion and location capability of seismic networks. A modified version of

NET WORTH has been developed. This program has been used to evaluate the
effect of station ‘down time ’, the signal amplitude variance , and the station de-
tection threshold upon network detection capability. In this version all param-

I eters may be chan ged separately for individual stations. The capability of us-
ing sig nal amplitude corrections has been added. The function of amplitude

I corrections is to remove possible bias in the magnitude estimate due to in-
homogeneous signal attenuation. These corrections may be applied to individ-
ual stations, individual ep icenter s, or individual station/ epicenter combina-
tio ns. An option has been added to calculate the effect of station ‘downtime ’

I upo n network capability.

i This stud y Indicates that , if capability loss due to detect ion er-
1. rors  can be minimized , then station detection threshold and station reliability

r will be the fundamental limks to network performance. A baseline network of
1. thir teen stations has been used for this study, and a preliminary evaluation of

these stations has been performed. These stations are as follows : Alaskan
i Long Period Array , (ALPA); Ankara , CANE); Chiang Mai , (CHG); Korean Seis-

mic Research Station , (KSRS); Large Aperture Seismic Array, ( LASA); Mash-
had, ( MSH); Muridaring, (MUN); No rweg ian Seismic Array, (NORSAR); New
Delhi, (NWDE L); Red Knife , Ontar ic , (RE-ON); ShiUong, (SHL) ; Taipei, (TAP);
and White Horse , Yukon , (WH-YK ) .

- 

Neither the Advanced Research Projects Agency nor the Air Force
Tech nical Applications Center will be responsible for information contained
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this document is subj ect to later revision as may be necessary. The views
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preted as necessarily representing the official policies, either expressed or
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I SECTION 1

INTRODUCTION

I NET WORTH is a computer program which estimates the de-

tection and location capability of ~~ismic networks (Wir th , 197 1). Given sta-

I tion parameters  and epicenters, both network detection threshold magnitudes

and location confidence regions are  computed. The output is presented in

I tabular format and also plotted on a world map (via NETPLOT).

I Using a modified vt rsion of NETWORTH , the individual effect

of certain parameters upon network performance has been determined. These

modifications are intended to provide a more realistic network evaluation. The
I. results of this evaluation are presented in Section Ii. The two sections follow-

I ing that contain a cr i t icism of the assumptions implicit in the NET WORTH pro-
gram (Section III), and the conclusions and recommendations from this study

I (Section IV). An analysis of the individual stations comprising this network
1 is incl uded in Appendix A. The modifications to NE T WORTH are documented

I in Appendix B.

I
I
I

I
I 1-1

I
— 
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I
I

SECTION II

I PARAMETER STUDY

I A. BACKGROUND

I The pur oose of this study was to evaluate the effect  of certain

parameters  upon the detection capability of a seismic network. Here detec-

I tion capability is defined as the lowest magnitude at which the probability of

four station detections exceeds 90 percent .  The parameters investigated

I include the station detection threshold , the station reliability , and the si gnal

amp litude variance.  Since these parameters  individually have a wide range ,

I the following plan was followed. A baseline network was established using

station noise statistics furnished by Rothman (1976 , personal communication).

I A baseline value of 0. 4 was used for the standard deviation of the log 10 signal

amplitude (o in magnitude units) .  Veith and Clawson (1972) determined that

I this value of 0 was representative of the WWSSN short-period network. A

baseline value of 4.0 was used for  the sta tion detection threshold (signal -to

I noise ratio required for detection) . Thi s detection threshold is used at NO R-

SAR for conventional beamforming (Ringdal , 1972) . The sta tions in the base-

I line network were assumed “up ” at all times. Each parameter being tested

was varied individually f rom the baseline value , and the resul ting change in

I network detection capability was calculated. Thi s plan has the advantages of

determining the effect of each parameter uniquely and reducing the number

I of test runs.

I The NETWORTH technique for  estimating network detection

capability is based on the equations summarized in Table 11-1. First, the

signal amplitudes at all network stations a re  calculated for an assumed event

I 11-1
4
’

- ~~~~~~~~ ‘
.

- -~~ .-~~. -
,

- -



j
TAB LE Il-i

EVALUATION OF NETWORK DETECTIO N CAPAB iLITY
THRESHOLD MAGNITUDE DETERMI NATION

log 10A.. = m. + bó + c~~log 10&. + E .. ( U -I )  I
= [1o~ 1o A.. - (U N 

+ log 10 SDT)] 
(Il-i) Icy + a

S -

4(x) = -
~~

. J e~~~~
/2  dy (11-3) 

-
~~

= ~~~ Ø.(k) (11-4) -

k=a (
Symbols above are defined as follows :

A1. - signal amplitude at station i for event j (O-p) I
mj - mag nitude of event j (m b)

bA ,  c~ - standard table entries I
Ej . - station-ep icenter bias cor rections

UN - mean log10 noise amplitude (O-p) I
- variance of log10 noise

- variance of log10 signal

4~(x) - normal cumulative probability functio n 
-

N - number of stations in the network f
- probability that k stations will detect event j

a) - probability that a or more stations will detect event j  I
SDT - station detectio n threshold; I. e., signal-to -noise ratio re-

quired for de tection at station. I

II - a

.4



I
at epicenter j with magnitude m b. (equation (11-1)). The calculation of the

signal amplitudes uses a standard distance-amplitude tabl e based upon Claw-

son P-wave values. Signal and noise are assumed lognormally distributed in

NETWORTH; hence the probability that the signal-to-noise ratio exceeds the

station detection threshold is given by the normal cumulative probability

function (equations (11-2) and (11-3)). In NETWORTH signal and noise are

recorded zero-to-peak (O -p) . The noise mean is input as the geometric mean

of the noise amplitudes; the logarithm of the geometric mean gives the mean

lo garithm (base 10) of the noise , 
~N The individual station detection proba-

bilities are then combined into the network probability of at least a sta tion

detections , ~~~~~~ using a recursive relation involving the individua l sta tion

detection probabilities (equation (11-4)). If the network proba bility of

detections is less than the required probability 
~NET ’ the event magnitude

(mb.) is incremented and the loop is reentered. The lowest event magnitude

m b. at which p .(~~a) is is the threshold magnitude for the j epi-
center.

The baseline network was fo und to be adequate in locating

events within Eurasia. This is evident from Figure lI-i , in which the orient-

ed crosses represent the 95 percent confidence ellipses for zero depths. The

calcula tion of confidence regions is based upon the estimated travel time van-
ance , which has an individual station component and a station-epicenter com-
ponent deri ved from a standard tabl e (Wirth , 1971). Each station was as-

sumed to have a standard deviation of 1. 0 second in timing the signals. These
confidence regions are elliptical since the derivatives of the travel time var-
iance wi th respect to latitude and longitude are in general not equal; varying
with the epicenter/network configuration. Hence there exists for a required

confidence region a direction of maximum location uncertainty and a direction
of minimum location uncertainty; these are indicated by the semi-major and

semi-minor axes of the 95 percent confidence regions. The confidence

I
II 3 
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TAB LE 11-2

BASELINE NETWORK

ii
I

Latitude Longitude Noise** Noise*Station o
N E Amplitude S. D.

ALPA 65.2 14?.? 0.78 0.10 1
ANK 39. 9 -32. 8 1. 03 0.25
CHG 18.8 99.0 1.03 0.15 1
KSRS 35.5 -127.9 1.50 0.22

LASA 46.7 106.2 0.40 0.15 1
MSH 36.3 -59.6 1.70 0.35

MUN 32.0 -116.2 1.11 0.20 1
NORS 60. 8 -10.8 1.00 0. 15

NWDEL 28. 7 -77. 2 2. 00 0. 20 1
RK-ON 50.8 93.? 2. 50 0. 50 

-

SHL 25.6 -91. 9 2.00 0.20 I
TAP 25.0 -121.5 3,4? 0.25

WH-YK 60.7 135. 0 2.50 0.50

* S. D. = Standard Deviation (magnitude units) -

** Mean (niillimlcrons, O..p)

11-4
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regions are centered upon the known epicenters. An event, occurrin g at each

epicenter with magnitude equal to the network threshold magnitude, will be

located for a required location probability 
~L 

within •
~~L

’
~ 

error ellipse.

Event detection capability, here defined as the network thresh-

old magnitude, is contoured in Figure 11-2. This network, using the baseline

values for the parameters under investi gation , has a capability between mb
4. 2 and nib 4. 4 for Eurasia. A contour increment of 0. 2 mb is used for all

contour plots in this report.  The effect of certain parameters upo n detection

capability has been investi gated in this study, in contrast to loca tion capabil-

ity , since the dependence of the latter upon travel time variance is well

known. The next section presents the results of thi s investi gation.

B. RESULTS FOR INDIVIDUAL PARAMETERS

1. Station Detection Threshold

The f irs t  parameter tested was the station detection threshold;

i. e. , the si gnal -to-noise ratio required for detection at each sta tion. In the

modified NE TWORTH (NET a), the station detection threshold (SDT) , may be

varied for each sta tion. This option was not utilized in this stu dy, however ,

since the relevant data were not availabl e. Test SDT’s varied fro m 1. 5 to

5.0 with 4. 0 as the ba seline SDT; the resulting detection capabilities are

contoured in Figures 11-3 through 11-9.

Examination of the threshold magnitudes for each epicenter

revealed the following principles. The change in network threshold magnitude

due to a change in SDT from SDT
1 and SDT2 was found to be independent of

epicenter and to equal mb = log10 (SDT 1 / SDT 2). This agrees with equations
(11-1) and (11- 2) , from which it is seen that for a given detec tion probabi lity a

change in the log 10 (SDT) i~’ equivalent to an opposite change in threshold mag-

nitude, mj~ for all epi c enters. Thus the probability that each station t~etects

11-6
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I
I at the threshold magnitude was unaffected by changing the SDT at a network

level. If the indi vidua l stations are ranked according to the probability that

I each will detect at the threshold magnitude , then chan ging the SDT at a net-

I work level alters the threshold magnitude by a constant but has no effect upon

the relative ranking of the stations.

1 2. Sta tion Reliability

For each station , reliability is defined as the probability that

I the station is up. The earlier NE WORTH implicitl y assumed tha t all sta-

tions were always up; thi s assun~ption results in an over -estimate of network

I capability . In NET 2 the station detection orobability has been made a condi-

tional probability, the probability that a sta tion will detect the event if the

I station is up. Although reliabil ty s a station variable it-i NET 2, such data
were unavailabl e at a station level. Therefore , test reliabilities were as-

I si gned at a network level , i. e . ,  the sat-ne test reliabilities were used for all
the stations. In Figur e 11-10 , Eurasian capability loss is plotted against

I corresponding reliabilities.

This plot is based on Eurasia because the baseline network

provides the best coverage for  Eurasian surveillance. The natural redundancy

I of such a network means that the capability loss (due to station downtime) will

increase as the epicenter move s radially away from the network center. Ac-

I cordingly, for each value of reliability , there corresponds a range in capabil-

ity loss. The Eurasian portion of thi s range appears in Figure 11-10. Fig-

• I ures I l - i l  and 11-12 represent  threshold magnitudes for reliabilities of 0. 65

and O.80, respectively.

I 3. Signal Amplitude Variance

Wo rld-wide bodywave magnitudes of a given event are assumed

to follow a Gaussian distribution with unknown mean ~L and var iance a2

i (Herrin and Tucker , 1972) . This is supported by a study done by Freedman

I
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1 (1967) . Freedman showed that he amplitude distribution of bodywave record-

ings was closely approximated by a lognormal distribution; therefore, the

I estl i tated magnitude has a i-torn al distribution. Lacoss (1972) has shown

that noise also fi ts a lognormal iistribution . These results are incorporated

I into the NE TWORTH pro g ram i~ tha t both signal and noise are assumed log-
no rmall y distributed. The signal amplitude va riance , a~ , in NETWORTH is

I assumed independent of even t rr tgnitude . Thi s agrees with the results of
Bungum and Hus ebye (1974) in their comparison of NO RSAR and NOAA mag-I

f Signal detectabiL ty is strongly dependent upon site geology.
I Thus the use of a few reporting stations in estimating event magnitude may

T create bias. Ringdal (1975) and E--ernden (1976) have shown that the high

standard deviations of routine mb (-alculat ions are due to systematic varia-
tions in signal amplitudes due to site locations. The possibility also exists

- 
that high signal variance may affect network detection capability. This idea

may be evaluated by using range of signal variances in NETWORTH. Veith
- and Clawson (1972) determined that a a = 0.4  was representative of the

I WWSSN short-period network; th i s- value (o = 0. 4) was used as the baseline
- 

0 • Tests were run f rom 0 = 0. ~ to a = 0.6 (Figures 11-13 and 11-14) .

I The network detection capability was unaffected by the value
used for a for Eurasian events; i .e . , these events geographi cally interior

~ I to the network. The value used for 0 affected network detection capability

I 
only for events geographicall y 1 r removed from the netwo rk interior. This
apparently dichotomous relationshi p can be explained by r eferrin g to the de-

I 
tector algorithm used in the NE TW~~RTH program (equation (11-2) from
Table 11-1). For convenience, hb algorithm shall be repeated here.

I flog10A~. - (M
N 

+ 1o810SDT)
Pjj 

~~~
2 + a 2)h/2

where ~ = normal cumulative probability fu nctior- -
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Figures Il-iSa at ~1 1I-lSb refer to a signal whose mean is

re spectively above and below tht detection threshold (T). The detection pro-
bability p~. equals the area unc~ ~r the signal normal distribution beyond T.
Obvious ly a larger a5 will low r p~. in case (a) but raise p1. in case (b) ,
and a smalle r a~ will have the reverse effect. The detection probability
for a signal with mean exactly on the threshold will be 0. 5 regardless of a .
A ch~ nge in a will therefore ffect the detectio n probability of stations re-
ceiving the event signal above the threshold oppositely to stations receiving
the event signal below the threshold An interior event wiIJ be within detec-
tion range of all stations ; theref re a gain in detection probabi lity at one sta-
tion , due to an unexpectedly lar : e o :- small a , will be compensated by a los’
in detection probability at anoth r station. The network detection probability
for an interio r event will not be -.ignificanu y af fected , since it is the sum of
products of the station detection pr babilities . However , an exterior event is
within detection range of only a ew stations; these stations must  all have high
detection probabilities to get th i re uired network probability of a detections .
Since the stations out of detec tic —i range cannot compensate , this means that
the effect of a upon exterior t vent detection may be predicted entirel y by
Figure I1-15a. These concepts were tested by examining the individual sta-
tion detection probabilities for ciffe rent values of a8. The results were as
anticipated; i. e. , although a cha n ge in a5 impacted all station detection pro-
babilities, the network probablli~y of a detections was affected only fo r dis-
tant events , where capabi lity dc re -ised as a Increased.

Since the detection capability for Eurasian events is the pri-
mary intere st in evaluating this net’vork , a reasonable conclusion is that
this network’s detection capabil ty is insensi tive to variations in a .  Note
that a dis tinction mus t be drawn between network detection capability and
network magnitude estimation. Obviously, magnitude estimation is adversely
affected by high signal variances; thus bias may exist between tbe magnitude

11-22
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esti mates of two networks for a gi’ en event. Yet  the fact that the actual de-

tection capability is relatively u na f fec t ed by hi gher si gnal variance indica tes

that the use of station corrections ‘n the magnitude estimation procedures

can sati sfactori ly resolve magn i tude bias between two networks due to signal

amplitude variance.

4. Station Ranking

In evaluating net york detection capability , it is desirable to

estimate the individual station ‘ ontribution to the network capability . This

will indi cate which stations mu t bi~ improved to increase capability, and

conv~.rsely those stations whicl may be eliminated without si gnificant loss.

Two methods were used to esti iate the individual sta tion contribution to the

baseline network. The first mi thr- d was to output the individual station de-

tection probability at the netwo~ k tI reahold magnitude for each epicenter.

The se ond method was to succ -ssivel y delete each station from the baseline

network; the resulting increase  in threshold magnitude then represents each

station ’s contribution to the baseline capability.

The results of both orocedures are shown in Appendix A.

These results have been used to ra-tk the individual stations. Since each sta-

tion has maximal impact upo n a different area , such a ranking must  be qual-

ified by an are t restriction; here onl y the Eurasian continent was considered.
‘~~ station was considered good if it had a significant threshold detection pro-

bability ove r a large area of Eurat~ a. Using this criterion , it i s seen tha t

the f i rs t  six sta tions (ALPA , L ISA . NO RSA R , ANK , CHG , and MUN) are of

appr oximately equal quality. The r ext fo ur stations (KSRS , MSH , NWDEL ,

and SHL) are not quite as good but ~til1 contribute significantly to the network

perfo rmance. The last three static ns (WFI-YK , R}( -ON , and TAP) contribute

little; furthermore, thei r detect on pr obabilitie s ar e too low for these stations

to act as a back-up in case a better station goes down.

11-24
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SECTION III

A CRITICIS M OF NET WORTH ASSUMPTIONS

I The original NET WORTH has been modified to allow the user

I
to assign all variables, inc luding reliability at a station leveL This aUows a
better netwo rk evaluation sinc e real networks are inhomogeneous. However ,

I there are still some assumptions inherent in the NET WORTH program which

are questionable. These are as follows :

I NET WORTH ig nores si gnal loss due to waveform dis-similarity

across an arra y. The sig nal amplitude us ed in NET WORTH is

I calculated from tables for a g iven magnitude and epicentral

distance. The signal amplitudes are then the same re gardless

I of whether the receiver is an array or sing le site. The array
gain , relative to the sing le site, comes f rom the noise reduc-

I tion due to beamforming . The noise statistic s are input as

station parameters , although noise variations with azimuth

I cannot be handled. The result is that NET WORTH evaluates

arr ays on the basis of their noise reduction while ignoring the

signal loss due to beamforming.

• The station detection thresholds in NET WORTH , (SDT), are

I not assigned on the basis of false alarm rate. A detection

th reshold which may seem desirably low from a NE TWORTH

I evaluation may yield a higher false alarm rate tha n the total

I 
system can tolerate .

• NET WORTH assumes perfect association of station detection

bulletins at the network level, Association refers to the

I 111-i
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process of calc ulating the event parameters from the relevant

station detection bulletins. Uncertainties in measurement at

the station level can yield false associations. This problem is

compounded as the false alarm rate increases; hence there

exists an optimum false alarm rate for a given network. A

false alarm rate higher tha n the optimum will result in more

t-vents being missed due to false associations than gained by
lowering the threshold (Sax and Shoup, 1974). Station detec-

tion thresholds then should be set from network considerations.

Such considerations are neglec ted in NETWORTH. The events

are laid out on grid points and the network detectio n probability for each event

is calc ula~ed. This is seen to be opposite to the real world process of event

determination throu gh bulletin association. If perfect bulletin association in

the real world is done , then real capability might approximate NET WORTH

capability. Perfect association requires either infinite resolution in the sta-

tion measurements or a false alarm rate low enough to avoid ambiguity due

so imprecise measurements. The usual errors  In azimuth , ray parameter,

possible gross timing errors , and mis-identification rule out the f i rs t  alter-

native. The second alternative is equivalent to the second assumption listed

above; i. e., the threshold must be set on the basis of the tolerable network

false alarm rate. Since a lower threshold results In a higher false alarm

rate , the best way to increase network detection capability is to implement

eff ective association algorithms.

In summary. NETWOR TH consistently overestimates network

capability because it neg lects certain network problems. These problems

have been add ressed by others , primarily Sax (1974) in his network simula-

tor. Hence it is recomme nded that NET WORTH be remodeled using these

concept..
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SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

I The purpose of this study was to estimate the effect of certain

parameters upon network detection capabi lity. The station detection thresh-

I old (SDT) and the station reliability were found to be the more critical param-
eters. Chang ing the station detection threshold altered the network magnitudeI detection capability by a constant; this constant equalled the logarithm of the

I 
ratio of the two threshold s. The relative ranking of the individual sta tions
was unaffected by changing the SDT at a network level. Station reliabili ty

I was found to have significant impact upon Letwork capability; capability loss

exceeded 0. 4 inb as reliability, (o r percentage of station uptime) dropped be-

I low 70%. Changes in the signal amplitude variance (a z
) had little effect upon

detection capability for Eurasian events. For events far removed from the

I network inte r ior , detection capability decr ased as a2 increased. However ,
since the network examined is primarily designed for Eurasian surveillance ,
th is network can be considered insensitive to changes in a~~.

An analysis of the assumptions inherent in the NET WORTH

I program yield the following recommendations for fu ture study:

• Evaluating the effect of the si gn al varia nce upon other networks

I to determine if networks in general are in sensi tive to the sig-
nal variance.

• Using a NET WORTH type program to evaluate different sta-

i Lion detector threshold st r ategies (e. g . ,  minimum cost , con-
I stant threshold, constant false alarm rate) .

I
I
I
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• Utilizing the modified NETWORTH , which allows parameters
to be changed at a station instead of a network level , in order
to estimate more realistic network capabilities.

• Adding algorithms to make NETWORTH responsive to the fol-
lowing problems:

- Signal losE across  an a r ray

- Allowable tise ala rm rates
- N~- twork c ~~ ility lo~ a due to false association of

sta tion bulletins. -

1
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APPENDIX A
INDIVIDUAL STAT ION DETECTION CAPABILIT Y

I This appendix C Of tains the results  used to rate the stations
contained in the baseline network. Two formats are used: tables and contourI plots. There is a table for each station. Eac h table refers  to a block of

sixty five eoicenters which pr imari ly cover Eurasia.  Epicenters are identi-

j  I fied by their latitude and long itude. The latitude range ( l 5 °N-75°N) is shown

across the top of eac h table. The long itude range (0°E-180°E) is shown downI the left side of each table . For a table L ( re fe r it ig  to station L) the follow-

I 
ing data are presented for each epicenter:

( 1) Network threshold magnitude

I (2) Probability that station L will detect the network threshold

magnitude

(3) Resulting network threshold magnitude if station L ~~ere de-

leted f rom the network.

It is seen that (2) and (3) represent roug hly equivalent evalua-

I Lions of each station. If a station with hig her detection probability is deleted

from the network, the capability loss is seen to be greater.  As an extension

I of ( 3) the threshold contour plots obtained from deleting each station from the

network follow that station’s table; this permits a simpler visual representa-.

I tion of each station ’s contribution to the total network capability. The contour

plot s are less precise, however , since the contour is incremental in nature.

I
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90 P 4.84 .427 8.49 14 .32  . 492 4 . 3 7  4 .2 1  .1169 4 . 23 4 . 3 1  . 649 4 . 3 9  1 4 . 3 1  . 6 6 1  *4 . 38
13 5 5 4 . 3 7  . 8 86 4 . 4 3  4 . 3 2  . 529  4 , 3 4 -  8 .2 3 . 5 1 4  4 . 2 7  4 . 3 1  .669  4 . 3 8  8 . 3 1  .6 49 s • 3 7

120 5 - 4 . 3 8  .51*1 *4.85 14 . 23  .1115 4 .28  8 .29  .635 *1 .38 8 . 2 4  .6118 4 . 3 1 4  4 . 3 2  . 1420 1& .~~R
135 s j  8 . 4 8  . 63 5  1 4 . 5 1  4 . 3 6  .628  4 .4 2 4 .25  .6011 4 .31 4 .29 . 6 3 6  14 . 35  l4 • 3~ . 749 4.39
150 5 4.53 .7*3 4.62 8.35 .660 4.~~2 8.33 .690 4.43 4.34 .6 19 *1.4:  4 .28 . 93 7 ‘.140

165 5 8 .3 3  .771 *4.6 3 4 .4* .7 64 II . -3  4 .38  •~ 1’ 4 .4 6 4 .31  .948 4 . 8 3  8 .28  . 9 t 8  4 .~~9
18~ S 4.66 .836 l*.73 4 .48 .8 18 8. 9 4 . 4 1  .75*4 8. 119 14 .32 .765 14.4’ 4.30 .7?7 *1 .38

INDIVIDUAL STA TIO N D !TFC TION CAr ~BTL !?Y

1? fl?PO R ~ TffR!SSOLD 814G411 ’30S
L ISA

15 P 30 N 1*5 II 6” 4 75 8

0 5 4. 71 .852 4 . 84 4 . 5 3  .866 4 . 6 * 4  4 .37  .8 15  4. 47 4. 3’ .8 31 4. 1*8 4 . 3 3  .858 * 4 4 3
15 5 4. 71 .3 t9  4 . 74 4 .43 . 7 35  4 . 5 1  4 .38  .790  4 . 4 7 4 . 2 6  .765 4 . 3 6  4 . 3 3  .8 1*4 4 . 142

30 1 4.61 .0 4.61 4.43 .468 8.47 0.26 .664 4.34 4.29 .758 4.38 4.32 .828 3.41

45 5 4. 61 . 0 4.57 4 . 86 .1 19  4 , 4 1  4 3 4  .681 *1 .41 4 .2 6  .718 4 . 3 4  4 . 2 7  . 793 4.37
60 8 4. 44 .0 8 .4 *  4 .39  .0 1 2  4 . 3 0  0 . 2 4  .55 8 4 . 3 0  4 . 2 6  . 7 1 1  4. 34 4 . 27  .~~86 8 . 3 6
75 5 4 . 40 .0 4 .40  4 . 3 1  .00 * 4 . 3 1  4 3 0  . 586 4.36 4 . 3 1  . 74 9 4 .39  4 • 3 1 )  .8)4  4 . 3 8
90 8 4 . 44  .0 4 .44 0.32  .0 1 0  4 . 3 2  4 . 2 1  . 530  4 . 2 6  4 . 3 1  . 754 4. 39 4 . 3 1  . 6 1 3  4. 40

105 5 4 .37 .0 4. 37 4 . 3 2  .105 14. 3 3  4 .2 3  .601 4 . 2 8  *4. 3 1 7*42 8 .39  4 . 3 2  .~~17 4 .39
130 4 0 .38  .0 4 . 3 8  4 .23 . 343 4 . 2 7  14.29 .698 4 . 3 6  4 . 2 8  . 7 5 3  4 . 3 6  4 .30  . 8 3 2  Is. 41
135 4 0. 01* . 231  4. 46 4 .35 .69 1 1 4 . 4 .’ 8 ,3 5  . 697 4 . 3 2  4 . 2 9 . 78 1 4 . 3 7  4 . 3 0  . 83 2  4 . 1*0
150 1 8 . 5 3  . 781 4 .63  4 . 3 5  .739 4 . 4 *  11 .3 3  .790 4. 41 4 . 3 4  .835 1 4 . 4 3  4 .28  . 8 3 2  11 . 3 9
163 4 4.53 .8*8 8.65 11.44 .852 4.5.~ 14 .36 .85*4 4.146 8.31 .882 4.42 4 .28 .888 8 ,3 5
ISO 1 4.6 0  .923 4.7* 4 . 45 . 903 8.60 4 . 4 1  .8 92  4 .3 1  4 . 3 2  . 868 4 .42  4 . 3 0  . 864 4 . 3 9
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TAB LE A-2

iN D I V I D U A L  5T1 !flN D E T E C T TI I  f ~~P * 4 P I L T 7 7

I A T N E T W O R K  I’PP !SKt)LD 8 A *8 T 1 ’ ( tUE

I
15 8 3*) 4 

- 
*4 5 II 6’ 8 7c N

I 0 5 (1 .71 .855 (4 .8 11 4 .63 .731 4.62 8.37 .916 *4 . 47 4 ,3 *4 .926 ‘1. 145 (4 .3 3 .661 * 8 . 81
IS 5 4 . 71 .8~ 5 11.82 4 .43  .636 4 • 5*’ 4 • 39 .736 4. 1*6 4 .26 .999 14 .39 *1. 13 . 6~~7 U . 14~

I 1*) e 4. 61 . 791 ‘s. 72 8 .43  . 65 8  8 .50  u .2 ~ . 91 1  ‘s.37 n .2° .559 4 . 37 u~~3~ • r’i o 8 • 30

45 8 4 . 5 7  . 781 4 .66  8.86 .698 0. 53 4 . 7(4 .707 4 .81 4 .26 .711 4 .3 1 4 .27 .892 IL .~~~P
6” E 4. 48 .60~ 4 .52 4 .39 .63 5  4. 46 4.2*1 . 496  8 .29 4 .26 • 7 7 1  4 . 3 *4  14.2’ .87 1 *1 . 77

I 75 5 8.40 .526 4.46 t* .31 .519 4 .37 4 . 3 0  .672  4 .36  14 .31 .ciu 4 .3 5  4 . 3r’ . 62 1 *4 . 16

I 90 8 4 . 4 4  . 528 4 . 5 3  “ . 32 .484  8. 17 4 . 2 1  .1461 4 . 26 4 . 3 1  .569  £ 1 . 3 7  *4 . 3 1  . 49 2 8 . 35
106 5 4 .37 .4 19 4 .112 4 . 32 . 4 1 4 9  *1 .3 7  4 . 2 3  . 4 2 4  £1 .26 4 . 3 1 .~~74 4 . 3 7  * 4 . 3 1  . 6C C £4 .36

1 120 5 8 .38 .353 8 .42  4 .23  .330 4 . 2 6  (4 .29  .451 (4 .33 4 .28 .514 4. 3’ 4 . 3 2  • 5714 (4 ,3 8

I 135 8 4• 144 .22 0 4 . 46 4 . 3 5  . 405 4 • 3 0  4 . 2 5  .386  4 .2 8 4 .29  . 449 8.3 11 ~4 .30 .671 U • 36

150 4 4.53 .071 4.54 4.35 .368 4.39 4.33 .435 *4 ,37 4.14 .52*5 14 .3 9 4.28 • 3C3 14 . 15

I 1*45 ! & .53 .005 4 .5 3 4 .48 .385 4 . 4 8  4 .38 .469 8.43 4 .31 .497 I s . 3 7  4 . 3 8  . 5 4 2  4 , 114

180 8 8 .60 .001 *4 .6 0 ~I .U 9  .370 4 .52  8 . 111 .480 8.45 8.32 .483 4.37 4.31’ •589 8 •35

IND I VIDUAL STATION DET E CTION cA P A S T L I r Y

I AT N ETWORK T R R E S H O L D  R A G N I T f I D E
IN K

I 15 p 30 
p 

45 N 
— 

60 N 7! 8

0 5 £4 .71 .835 *1.83 8 ,53 .658 4 .6 1 *4. 37 .772 4 .87 4 .34 .892 4 .3 9  4 .33  .574  *1 . 3 9

I 13 4 4 . 7 1  . 775 8 . 8 1  4 . 43 .8 5 1  4 . 5 3  4 . 3 4  . 672  4 .45  0 . 2 6  . 798 4 . 3 7  8 . 3 3  . 6 6 3  4 .18
30 5 4.61 .881 4.78 ll • 43 .786 4.51 4.26 .861 4.37 8.29 .998 4.41 4.32 .6*4 6 ( 1.37
85 5 11.37 .745 4 .6*5 “.46 .729 4.63 4.34 .676 (1.41 *1 ,2 6 .863 4.36 11.27 .512 4 .33

I 6*) ~ 14• 88 .611 8 4.33 4,39 .803 8. 149 (4 .2 0  .974 4.38 11.26 .560 4.32 8.27 .616 4.32

75 5 8.80 .616 4 .47 4 .31 .5142 l* . 37 4.30 .513 4.35 ls~ 31 .536 4.3~ 4.3*) • 653 IL • 3~
90 8 4.44 .399 8.51 4.32 •531 4.38 8.21 .874 ‘4.25 4 .31 .56 3 *1. 17 4 .31 .Sd l  (1. 16

105 4 8.37 .1479 8.42 0.32 • 1153 4. 11 4.23 .435 4.26 8.31 .529 4.36 4 .31 .529 (3 . 3 6
120 5 4.38 .429 4.43 8.23 .351 14.27 4.29 .837 *4 .33 4.28 .463 £1 .32 4.37 .519 11. 37

135 s •.u’i .328 4. 47 *1 .35 .398 8.30 8.25 .361 4 .28  8.29 •437 4 . 33  4 .30 .148’ 8. 35

I 150 ~ 8.53 .021 44.53 4.33 .265 8.37 4.33 .385 4.36 8.34 .1148 4.39 8.28 .8~ 1 4.33

165 s 4 .53  .0 4 . 5 3  4 .44 .0 65 8 . 44 8 .38 .371 4 .42 8 . 3 1  .309 4.35 4.28 .434 4 .33

180 5 4.60 .0 8.60 4.48 .001 4.45 4.41 .270 8.83 8.32 .383 8 .33  4.30 •1434 *4 ,34

H I
I I

I 
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TAB LE A-3

INDXVLD UA.. STATION DETECTION CA PA O IL ITY

AT $~~~IORK THAS SN OL D RA G RITUD!
CR9

—— 15 8 30 N 
— 

45 N 
— 

63 N 7! N

0 5 4.11 .375 4.75 4.53 .833 4.58 14~ 37 .38 ’ 4.81 4 ,34 .383 4.38 ‘4 .33 .402 *4 .37
13 4 8.71 .70 5 4.80 4.43 .488 4.448 4.38 .45* 4.~~3 4.26 .351 8.30 *4.33 .14 17 *4 .37

30 ‘ 4.61 .700 4.71 4.83 .555 4.146 4.26 .39~’ 4.30 4.29 .422 4.37 4.12 . 1 4 7 8  4 . 3 6
45 4 4.57 .733 4.66 4.46 .651 8.52 4.38 .534 4.39 4.26 .433 8.30 4.27 . 1110 4 .3 1

60 8 8. 8 8  .675 4.53 4.39 .628 0.46 8.24 .505 4.29 4.24 .474 4.31 4.27 .4. 3 £1 .31

73 8 4.40 .882 8.51 0.31 .758 11 *1 *4 .30 .531 4 .35 8 .3  .551 4 .36 *1.30 .46 3 4 . 114
90 5 4.44 .799 4.5 4 4 . 3 2  .6 3 8  11 39 L- . 2 1  .4 4 3  41 .23 *4 .31 .570 *4. 37 8.31 .8P 1 14 .36
105 4 0.37 .854 8.48 8.32 .606 4.39 4 23 .509 4.27 4.31 .570 4.37 4.31 .480 14.35

120 * 0.35 .985 8.51 0.23 .858 4 38 4.29  .501 8.33 8.28 .525 4 .33 8.32 .885 4. 11

135 1 4.84 .663 4.52 8.35 .553 11 81 4.25 .50? 4.3C 8.2’ .507 8.314 4.30 .858 4.35

150 1 8.53 .720 4.62 1.35 .570 0 81 8.33 .534 0.35 8.38 .518 8.39 4.28 .823 8 . 3 3
105 1 0.53 .609 0.61 8.08 .375 8.50 8.35 .5 28 4.88 4.31 .852 8.36 8.28 .401 4.32
ISO 4 8.60 .632 8 .69 8.88 .387 8 33 h.41 .1496 4.86 8.32 .413 8.36 4.30 .392 8.33

1401 VYD~ A STATIOP DETECTION CAPABI LI TY

AT P TWOIK ?Mh!SM oLD MAGNITUD E
884

1 5 P  3 04  4 5 N  60 8  7 5 8

0 8 4.71 .006 8.71 0.53 .213 4.55 8.37 .350 4.81 14.38 .380 8.38 4~ 33 .424 8.38

15 1 4.71 .8*6 8.73 0.03 .418 8.117 8.38 .811 4.82 4.26 .3 85 4.30 4.33 .1*37 8.37

30 1 8.61 .597 8.69 8.83 .873 8.87 8.26 .337 8.29 4.29 .810 0.33 8.32 .487 4.36

85 1 4.37 .625 8.68 8.46 .563 4.51 8.38 .482 4.38 4.26 .822 *4 .30 8.27 .43 1 4.32
60 I 8 . 88 .357 8.52 4.39 .573 4.45 4.28 .437 4.29 4.26 .866 8.30 8.27 .887 4.31
75 1 8.80 .612 8.47 8.31 .513 8 37 4.30 .506 8.35 8.31 .532 8.36 8.30 .892 8.38

~0 1 4. 80 .358 0.50 8.32 .552 4 42 8.21 .673 0.28 4.31 .510 8.36 8.31 .5 1’ 4.36

103 1 8.37 .927 8.89 8.32 .661 8.39 4.23 .548 8.28 0.31 .838 8.35 8.31 .523 4.36
120 4 4.31 .“97 4.89 0.23 .962 I 35 4.29 .572 8.34 4.28 .820 8.32 0.32 .535 8.37
135 4 8.88 .535 0.58 4.35 .692 4 42 4.25 .879 8.35 0.29 .854 8.33 8.30 .516 4.35
150 1 8.53 .703 8.61 8.35 .867 8 80 14 .33 .852 4.37 0.38 .544 4.39 8 .25  .487 8.38165 p 

8.53 .694 8.62  4 .08 .685 8 31 4 . 3 5  .596 8.88 8.31 .532 4.37 4.28 .868 14 .33
150 

p 
8.60 .603 8.70 4.85 .620 0.56 8. 8 1  .571 4.87 8.32 .895 8.37 14.30 .061 4.38

A-8
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INDIV IDUAL STATION DETECTION CA4’A B IL ITY

I A? N ET WO RK TH R ES H OLD MO GN ITU DE
K SR S

I 
1 58  30 N 45 N 

- 
6~ N 75 N

0 2 4.71 .0 14. 71 4.53 .052 4• 5*4 4.37 .233 4.39 4 .3.4  .282 ‘4.37 4 .33 .332 4.36

15 1 4.71 .068 4.71 4.43 .235 41.45 4 .38 .293 4 .40 4 .2 ’  .24 8 *1.28 * 1.7 3  . 714 2 * 1 . 3 * 5

I 30 1 4 .61 .340 4.66 4.83 .333 4 .116 8.26 .2 *13 4 .2 8 8.2) .330 4.32 4.32 .3149 *4 .75
05 1 8.57 .461 4.62 4.46 .009 4.49 ‘4. 341 .347 (4 .37 4.26 .339 11.28 4 . 2 7  . 3 5  4 3 3
60 8 44 .84 .419 4.1*9 4.39 .015 4.43 ‘4.24 .322 4.27 4 .26 .348 4.29 4.27 .3~~ 4.30

I 75 I 4.40 .440 4.44 4.31 .1405 4 .35 11.30 .4 14 4 .38 4 .31 .822 4 .35  4 . 3 0  .39- ’  ~ .33
90 1 4.84 .536 4.50 8.32 .396 4 . ~6 11.21 .252 U .2 3  £4 .31 .397 *1.35 4 .31  .4 2 *  4 .15

105 1 4 .37 .398 4.41 4.32 .845 £4 . 14? 4.23 .750 4.3C 4.31 .421 4.35 4.31 .415 4.35

I 120 5 4.38 .751 4.08 4.23 .461 4 .26  4 . 2 9  .527 4 .34  4 .28 .704 ‘4.35 4 . 3 2  .420 4 .36
135 

p 
4.4* .803 4.54 4.35 .586 4.41 4.25 .509 4.30 *4.29 .720 4.36 4.30 .1406 4.34

150 5 4.53 .526 4.59 8.35 .862 0.85 4.33 .750 4.41 4~ 14 .468 11.38 4.29 .394 4.32

I 165 1 8.53 .612 4 .61 8.44 .093 8 .09 0.38 .389 41.4 2 4 .31 .394 4 .35 4 .28 .398 4 . 3 2
180 8 14 .60 .621 4.69 41.48 .562 8.55 4.0 1 .500 4.06 4 .32 .412 14 8.36 £4.30 .392 4.33

IND IVIDUAL STATION DETECTION CAPA B ILITYI 1? JI?POU TEPESBOLD

_____ _______________ _______________ - 
858

I 1 5 8  3 0 8  4 5 8  6 0 8  7 5 8

0 1 4.71 .616 8. 79 8.53 .520 0 59 - . 3 7  .422 8.42 8.3*4 .400 4.38 4.33 .383 4.37

I I! I 4.71 .666 4.79 8.83 .874 8 80 ‘ .38 .424 8.82 4.26 .3 84 4.29 4.33 .393 4 .36
30 1 4.61 .595 4.69 8.43 .575 4 89 14 .26 .560 8 . 32 4 .29 .321 4 . 3 2  4 .32  .397 4 .35
45 1 8.57 .714 8 .66 4 .46 .550 4 51 4 .38 .462 4.38 4 .26 .447 4.30 4.27 .363 4 .31

‘ 
60 I 0.08 .827 8.56 8.39 .729 4 87 8.24 .883 4.29 8.26 .582 4.32 8.27 .358 4.30
75 8 0.00 .568 4.86 8.31 . 882 8 36 8.30  .840 4.38 4 . 3 1  .475 4.36 8.30 .381 4.33
90 5 8. 88 .1171 4.09 4.32 .446 8 36 4 .21  .403 8 .25 8.3 1  .3 147 8.34 8 .31  .393  8 .35

I 105 
p 

4.37 .010 8.81 8.32 .395 0 36 4.23 .317 4.25 8.3 .388 4.33 8.31 .374 4.38

120 8 4.38 .373 4.82  8.23 . 300 0 26 4.29 .357 4 .32 4.23 .356 31.31 8.32 .372 8.35

135 1 4.48 .363 4.80 8.35 .333 8 36 8.25 .289 0.27 8.29 .330 8.32 4.30 .3841 0.33

I 150 
p 

0.53 .373 8.57 4.35 .285 4 37 8.33 .301 8.35 8.34 .334 4.37 8.20 .310 8.31

165 1 0.33 .160 8.55 8 .00 .292 14 6 4.38 .300 8 .41 4.31 .288 8.34 0.28 .297 0.31

100 1 4.60 .002 0.60 8 .00 .138 4 30 4.41 .203 8. 83 8.32 .268 8.38 8.30 .29 3 8.32

- I

~1
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T~ IBLE A-5

‘N D I V TD U 4 ST.~?IO8 DETECTION C?~~4 P I L ITY
AT ~ TW ORK TH R ESHOLD M A G N I T U D E

N V DEL

1 58  30 *4 
— 

45 4  6 0 * 4  7 5 * 4

0 H £4 .71 .8 94 4.77 8.53 .372 4 57 • .3’? .268 4 .80 4 • 34 .  .25 3 (4.36 ~~~~~ .250  (4 .16
1r H *1.71 . 5 614 4.77 4.83 .353 14 47 - 36 .322 *1 .8 1 4.26 ‘29 (4 . 2 9  ( 1 .33  .2 6 2  q , *~,
30 8 4.61 .554 4.68 *4.8 3  .4 18 1 47 .26 .274 4.28 *1.29 .284 8.32 4 .32 .269 4 .3 (4

45 8 8.57 . 506 4.62 4. 86 .358 0 ‘49 ‘- .3 4 .268 8.36 4.26 .266 4.28 8.27 .251 4.30

60 8 11.08 . 8’9 4 .56 4 .39 .486 4 II L .2 8 .696 4.32 4.26 .254 (4.28 £4 .27 .25 7 4 .29
75 5 4.340 .44 3 4. 44 4.31 .999 4 ~4 .30 .440 4.314 8 .31 .278 8.314 4.30 .2 82  13 . 3 2

90 E 8.44 .728 4.53 8.32 .002 4 +6 ‘ .21 .668 4.2 8 4 .31 .510 4.314 4 .31 .289 4 .33

103 8 4.37 .273 4.80 4.32 .545 8 +8 ‘ .23 .219 4.28 4.31 .303 8.34 8 .31 .280 4.33

120 H 8.36 .373 4.82 8.23 .245 *1 25 ‘.29 .287 4.31 4.28 .265 ‘4 .30 4 .32  .277 4 .34
135 H 8.44 .355 8.48 4.35 .308 8 +8 ‘- .25 .239 4.27 4.20 .260 £4 .3 1  8.30 .2 50 4~~33
150 2 14.53 .361 0.57 8.35 .247 8 37 8.33 .289 4.35 8.34 .268 8.36 4.28 .221 14.30

165 5 0.53 .298 8.36 4.48 .257 8. 46 ‘.38 .243 4.40 0.31 .213 8.33 8.28 .203 4.30

18C 2 4 .60 .111 4.61 4 .48 .211 0 sO ‘ .41 .217 0 .42 4 .32  .188 8.33 4.30 .197 4 .31

I N D I V I D U A  STATION DETECTION CAPABILIT Y
A ? N P409K THRESHOLD MAGN ITUDE

SHL

—— 15 N 30 P 
— 

*15 *4 60 *4 
— 

75 *4

0 2 4.71 .39 4 .75  13.53 .306 4 ~6 ‘ .37 .216 u .39 14 .34 .211 4 .3 6  43 .33 .22 1 4 .15
15 8 8.71 .891 8.76 4 .43  .288 4 46 .38 .268 4.40 4 .26 .189 4.28 8.33 .233 8 .3~
30 5 41 .61 .483 4 .67 4 .83  .307 4 46 4.26 .224 8.28 8.29 .240 8. 4 1 4 .32  .281 8 .34
*45 2 4.57 .5 1’ 8.63 4.46 .43 8 Ii -30 4 .34 .332  ‘4 .37 4 .26  .24 9 4 .28  4 .27  .2 27 11.29
60 8 l4~~44 . 389  4. 89 4.39 .295 4 *2 4.28 .238 4.26 11 .2 .278 4.28 4.27 .235 8.29

73 1 0 .40 .016 0.50 0.31 .393 0 35 4 .30 .576 31.36 8 . 3’  .303 4.34 8.30 .264 4.32
90 8 0.44 .323 4.50 4.32 .825 ‘4. *2 4 .21 .691 4.28 4 .3  .2 97 4 .34 14.31 .277 4 q 3 3
105 1 8.37 .881 0.42 4.32 .388 4 36 .23 .645 4.29 4.31 .300 4.38 8.31 .273 4.33

120 
p 

4 .30  .290 4.411 4.23 .380 4 ~7 - .29 .223 4.30 8 .21 .287 4 .30 4 .32 .278 8.34
133 8 4 .04 .426 4. 89 4. 35 . 3 1 42  4 38 . .25 .265 4.27 11.2 .280 4.31 4.30 .251 4.33

150 
p 

4~ 33 .830 4.58 8.35 .299 8 40 .33 .287 11.35 4.3-. .286 4.36 8.28 .223 8 .30
165 s 8 .3 3  .360 8.57 4.84 .307 0 ~7 • .30 .279 8.81 4.31 .233 8.33 8.20 .207 8.30

100 5 4.60 .348 1.6* 0. 48 .2*8 0 11 . 0 1  .289 4 .43 4 . 3 7  .205 4.33 4.30 .200 8.31

I
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I
TABLE A-6

INDIVIDUAL “8710*4 D!T!C~!OW CA PA BILITY

i AT P E - 3 * 4 ’  THRESHO ..D MAGNITU :E

1 _____________ ____________ ____________ ___________ _____

15 N 30 8 85 N 60 *4 7’S N

1 0 F ‘4 .71 .125 4.72 8 .53 .295 14.6’~ ~ 37 .258 4.40 4.38 284 8.36 8.33 .326 U~~~6
15 2 4.71 .026 4.71 4 43 .211 41.~ 4 8 .250 £4.40 ~.26 .234 ‘4.28 ‘4 .33 .317 (4.36

I 30 5 4.61 .005 4.61 4.43 .182 0.14 31.26 .188 ‘3.27 ‘4.29 .245 4.31 4.32 .306 ‘4 .114

45 5 8.57 .003 4.57 8.86 .179 4.47 4.344 .221 8.35 £1 .26 .227 8.28 4.27 .282 (4. 30

60 2 4.84 .002 4.84 34.39 .166 I $ •8 1  4.24 .183 4.26 4.26 .231 4.26 (4 .27 .2 81 4.29

I 75 5 8.40 .008 “ .80 4.31 .159 4.3: 4 .30 .218 4.32 4.31 .261 4.33 4.30 .300 4 .32
90 2 4.44 .059 ~.45 4.32 .191 8.3 .21 .182 4.22 14.31 .271 4 .34 13.31 .313 4 .3 ( 3

105 2 8.37 .130 4.38 4.32 .208 4.’ I~~~23 .20 1 8.28 4.31 .282 £4 •34  8.31 .308 l & . 3 3

I 120 5 8.38 .200 4.00 8.23 .188 4.7 ~4.29 .245 11.11 4.28 .279 34.30 8.32 .308 (4.45
135 5 4 . 118 .266 34.87 4.35 .261 4~~~ 1 

~‘ 
25 .246 4.27 11.29 .302 4.31 8.30 .291 44 .33

150 5 0.53 .339 0.56 4.35 .282 0.3 ~0 33 .310 £4.35 34.38 .317 4.37 4.28 .239 4.31

I 165 5 8.53 .366 4.57 4.84 .357 4.4 J i .  38 .3118 4.41 0.31 .258’ 4. 38 4.28 .387 (4.32

180 2 8.60 .431 4.65 8.48 .410 8.5 j~~~si_.326 0.811 0.32 .608 8.38 8.30 .609 8.36

IN DIVID UA L T A !  ON DETECT ION CAP API L I TY

I AT NET ~RK TH R ES H OLD M A G N I T U D E
RE-ON

I 1 5 4  3 0 4  8 5 * 4  6 04  7 5 * 4  
-

0 2 8.71 .402 4.75 8.53 .31*0 8.56 8.37 .288 4.40 4 .3*1 .300 4.37 4.33 .322 1.35

15 5 4.71 .292 4.73 f~.Q3 .250 4.46 4.38 .267 4.40 ‘1.26 .240 4.28 $1.33 .306 £4 .3~1 30 1 4.61 .062 8.62 4.43 .218 4.4-i 8.26 .191 4.’ 4.29 .240 4.31 4.32 .290 8.34
£45 1 8.57 .0 4.57 4.86 .1115 4•4~ 4.34 .2 12 6.35 11.26 .213 4.27 8.27 .260 8.30

60 5 0.4* .0 4.40 8.39 .053 8.4’~ 0.24 .163 4.26 4.26 .207 ..28 4.27 .252 8.291 75 8 4.40 .0 4.00 4.31 .015 4.31 4.30 .175 4.32 4.31 .226 4.33 4.30 .2613 3 .32
1 90 H *4.48 .0 11.88 4.32 .011 4.3’ 4.21 .136 4.22 11. 3 1  .226  1 4 . 3 3  ‘3 .31  . 270  ‘4 .33

10% 1 8.37 .0 8.37 8.32 .026 8.33 8.23 .152 0.24 11 .31 .228 4.33 4.31 .270 4.33

1 120 1 8.38 .0 4.30 8.23 .052 4.214 8.29 .184 0.30 4.28 219 4.30 8.32 .281 4.38

13% 1 4.80 .006 4.40 1.35 .132 4.’’ 8.25 .180 8.26 8.29 .234 4.31 4.30 .279 0.33
150 8 8.33 .1213 8 .58  4.35 .207 8. 1 4.33 .231 0.35 0.38 .273 4.36 8.20 .278 8.31

1 163 1 8.53 .268 4.56 4.814 .274 4.46 8.38 .281 8.41 8.31 .276 4.34 ‘3.28 .207 4.31

IS O 1 8.60 . 336 8.68 8.48 . 328  4 . 32  4 . 4 1  .3 1 9  4.83 4.32 .299 0.38 4.30 .306 8.32
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TABLE A-7

INDIIIDIIAL S”ATIO$ DETECTION CAPASU.ITY

IT NFT W ~ T*4N!SHOLD MAGNITUDE

l A P

1 5 *4 3 0 * 4  1&5 $ 60 8

0 1 8.71 .0 8. 71 8 . 5 3  .0 8.S3114 . 7 .028 4.38 4.34 .074 4.34 4.33 .0’l

15 8 8.71  .015 4 . 7 1  8.43 . C 8 8  4 . 8 4 ’s . 8 .083 (* 39 4 .26 .“62 4.26 4.33 .096 4 .l’l

30 * 8.61 .169 3 4 . 6 3  4 .43  .114 0 .4 *4 4.26 .066 8.26 8.29 .3814 8.30 4.32 .100 $4 . 12

85 8 8 .57  .207 4.59 8.116 .161 0.47 0 . 38  . 116 8 .35  8 .26  .089 4.26 0.27  .096 4 .2 8

60 5 8. ’34 .188 8.46 4.39 . 169 4 .41  8.24  .105 14.25 8.26  .107 8 .27  3 .2 7  . 100 -4 . 2 8
75 2 8.40 . 200 4.0 1 0.31  . 167 4 . 3 2  0 .30  . 1 6 1  - . 32  8 .31  .150 8 . 3 2  4 .3 0  . 12 1  4.31
90 2 8.00 .212 0.86 8 .32  .121 8 . 3 3  8 - 2 1  . 108 - . 2 2  4 .31  .170 4.33 4.31 .133 11.32

105 8 8 .37  .521 4 .41 3  8 .32 .22 9 0.38 4 . 2 3  .288 I .2~ 4 .31  .160 4 . 3 2  8 . 3 1  . 1 3 8  8 . 3 2

120 1 8 . 3 8  .290 4. 81 4 .23 .506 4 .29  0 . 2 9  .563 4 .38  8.28  .180 4 .29  8 . 3 2  . 1 ’3 5  4 .3 !

135 5 0 .48  .33 8 4. 147 8.35 .230 4 .37  4.35 .402 4.29 4 .29  .107 0.30  44 .30  . 136 ‘4 .3 1

150 8 0.33 .235 4.33 0.35 .257 8.37 4.~~3 .137 0.38 8 .38  .183 8.35  4.28 . 1 2 3  8 .29
163 1 4.53 .310 4 .3 6  8 .88 .240 8.8~ 8.3 8  .209 0.40 8.31  .154 0.33  4.28 . 1 1 5  1.29

180 8 ‘3.60 . 298 8.63 8 .8 8 .233  4.5 8 4 1  .188  4.42 4.32  .135 ( 4 . 3 3  ( 4 . 3 0  . 112 ‘ . 30

I
I

A-20

1 ~

~ 

~~~~~ -~ . .: . . - . .. . . . . .. 

.

.

- .. . . 



I
I
I 858’ 85$

I .A~~
’

T ~~~~~~~~~~~~~~~

I _ 
~~~~~ 1. ~4
~~~~~v’, ~~~~~~~I 60$ 

~ J’~-~CY (1~~ 
‘

~~~~ ~ ,~~~~~~~‘ 60$
-- ~~ ) ~g j

~ 
- .

I 145$ . - , 1l~N
I 

4 4

30$ . 
- 

8~~~~~.s. ~3ON
/

ISN ~‘ . 
- 

. 15$
ON - 

,
‘ ‘ : -- ON

~~ ~~~~~~~~~~~~~~~~~~~~~~ /  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

755

855 I I I I I £ £ £ I I A I k I L L S  I S I S  -~- BSS
180W 1 SOW 12011 90W BOW 30W OW 30E 60€ 90€ 120€ 150€ 180W

I FIGURE A-13

THRESHOLD MAGNITUDE (rn : 4.4 - 6.8):
TAP DE LETED FROM N~ TWORK

I
I

1-
-
I 

_ _ _- - ,.-~-., - -

.4



I
I

APPENDIX B

I
NET 2 is a NET WORTH computer program with the following

I modifications:

(1) The signal-to-noise ratio required for detection (SDT ) and the

I signal variance (o~ ) may vary with station

(2) Amplitude bias corrections may be utilized for particular sta-

I tion s (all epicenters), particular epicenters (all statio ns) , or

I 
particular station epic enter combinatio as

(3) The probability that each station is ‘up ’ may be input , the st a-

I tion event detection probability becoming the probabili ty that

each station can detect the event if the station is ‘up ’.

I These options require an additional control card following each

I 
stat ion card, the data on thi s card bein g per tine nt only to that station named

on the preceding station card. The signal-to-noise ratio required for detec-

I tion (SDT), the standard deviation of the signal ( o’- )~ and the station reliabil-

ity are respectively input with format (3FiO. 0). Blanks in the field space

I designated for a particular variable, signal the use of a default. The defaults
for the SDT and are those values input at the network level (NET WORTH

I control cards A and S). The default for the station reliability is 1. 0; i. e.,

the station is considered always up. The addition of amplitude bias correc-

I tions involved correction of certain errors; the for mat of the appropriate

control card is unchanged. Thus the control cards of NET 2 are the same as

I those of NET WORTH with the exception of one card (per station); if this card

is left blank, NET 2 defaults to NET WORTH.

I B-i

I
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