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Introduction 

To address the question of the value of auxiliary stations placed before the 
GSE by the Ad Hoc Committee on Nuclear Test Ban, we examined the published 
location error estimates given by both the NEIS and the IDC. The results of OUT 
analysis demonstrate the well-known principle that the uncertainty in the location 
for a given event decreases as the number of defining phases (or stations) increases 
and as the azimuthal coveqage increases. More importantly, however, the results 
also show that the location uncertainty dramatically decreases as the distance to the 
nearest station decreases. We also show that the empirically observed rate of 
overlap of corresponding IDC and NEIS error ellipses is inconsistent with 
expectation as determined by statistically modeling the performance of each. To 
overcome this shortcoming the IMS must be calibrated 

Value of Auxiliary Stations 

The uncertainty in location as given by the area of an ellipse is shown in 
Figure 1 which is similar to Figure 7.3 in GSE/WGE/ll but was made from a 
different data set. This figure clearly shows that the area of the error ellipse 
decreases as the number of defining phases (or number of stations) increases and as 
the coverage increases. Coverage is quantified by the azimuth gap which is the 
largest azimuthal angle between adjacent stations. By increasing coverage, we mean 
decreasing azimuth gap. Figure 1 also shows that the uncertainty is independent of 
magnitude. 

The data in this figure are the result of the formal solution for the confidence 
ellipse given by Jordan and Sverdrup, 1981. In this solution, they use a Bayesian 
statistical method which requires a priori information about arrival-time variance 
but does explicitly contain quantities such as those in Figure I. The impact of such 
quantities on the results was beyond the scope of their paper. To assess their impact, 
we have used regression analysis. 

We have used data from both the IDC and the NEIS bulletins since both 
employ this method and both include many related quantities. However, we 
initially treated them separately to assess the effect of the intangibles such as the fact 
that the two have different philosophies about and practices for applying constraints 
on an event's depth and we suspected that the two groups did not implement the 



method with exactly the same a priori values. In OUT first calculation, we used just 
the azimuth gap and the number of defining phases in the form 

log(log A) = a + b G + clogN 1 

where A is the area of the error ellipse, G is the azimuth gap and N is the number of 
defining phases. The results showed very similar trends (i. e., coefficients b & c) for 
azimuth gap and number of defining phases, respectively, but the constants (a's) 
were significantly different. That is, the two data sets were offset from each other 
with the uncertainty in location, as measured by the ellipse area, given by the IDC 
being greater than that given by the NEIS. 

During consultations with staff members of both organizations about the 
possible reasons for the offset, the observation was made that the NEE typically has 
data from stations that are much closer to the event than does the IDC. Since the 
coefficients for azimuth gap and number of defining phases in our first calculation 
were little different, we combined the two data sets into one and reevaluated 
equation 1. The residuals, shown in Figure 2, clearly have a significant dependence 
on the distance to the nearest stations but the offset remains. We, therefore, must 
conclude that the offset is due to either the intangibles associated with the different 
practices for constraining an event's depth or to different a priori values. 

While we cannot resolve the question of the offset with only this 
information, we can show that the value of the auxiliary stations to the IMS is very 
high. This is demonstrated in Figure 3 where we show the results of modifying 
equation 1 by adding a term, D, for the distance in degrees to the nearest station 

log(1ogA) = a + b G + c logN + d D. 2 

The coefficient, when using the combined data set, is then a weighted value between 
that for the IDC and that for the NEIS, We chose to plot the square root of the area, 
calling it size, simply to compress the vertical axis. Figure 3 shows the effect on the 
error ellipse size of the number of defining phases for three azimuth gaps, 60,120 
and 180 degrees. We see that the uncertainty is dramatically reduced by adding 
stations that are either within 100 of the event or that improve the azimuthal 
coverage. We also note that simply adding stations without changing either of these 
conditions has little benefit. 

As an example of the above conclusions, suppose that an event is detected by 
three primary stations but the nearest one was 30° from the event and the azimuth 
gap is 1800. From Figure 3c, we see that the location error ellipse is grossly 
unacceptable, i. e., greater than 10,000 sq. km. Now suppose that data from seven 
auxiliary stations are added to the set for a total of 10 and the nearest one is 50 away 
but the coverage is unchanged, then the error is reduced to just over 1,000 sq. km. 
Next, suppose that coverage is also increased. For an azimuth gap of 1200, the error 
would be slightly less than 1,000 sq. km while for a gap of 604 it would be about 400 
sq. km. The value of the auxiliary stations is, then, that they provide the 
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opportunity to acquire invaluable data from stations that are close to the event in 
question and well distributed around it. 

Need for Calibration 

Since neither the IDC nor the NEE operates a calibrated network, the 
question of the offset cannot be resolved without additional information. The IMS 
will have to be calibrated and until it is the actual precision of the location error 
ellipses will not be known. 

The need for calibration can be also be demonstrated by the observation made 
in a study reported in GSE/US/lOG of the error ellipses estimated by the IDC and 
NEE. This study found that the two estimates over lapped about 74 percent of the 
time. This is a very low rate of intersection for 90% confidence levels. To see if we 
could reproduce this result, we used the software provided by the LDG to find 
matching events in both bulletins. We searched a 3 month period and found some 
2010 matching events and of these only 1409 intersected, yielding a surprising low 
70.1 percent! 

To aid in interpreting some of -the implications of this observed low rate of 
intersection, we simulated the expected intersection rate under the assumption of 
unbiased estimations. The details of the simulation are given in the appendix. In 
Figure 4, we plot the expected intersection rate against bias (4a) against confidence 
level (4b). Figure 4a shows that the empirically observed rate of 70 per cent would be 
appropriate if there were a relative location bias of 35 to 40 km between the bulletins 
while Figure 4b shows that, if there were no bias, 70% would be appropriate if the 
actual confidence levels were 50, not 90, percent. 

The simulation results are only approximate and not definitive since the 
actual bulletin confidence ellipses are more sophisticated than the assumptions that 
went into our simulations, and the sample sizes and underlying parameters vary 
with the event, unlike the simulations which use the same sample sizes and 
prototypical parameter values thrpughout. Nevertheless, they help to demonstrate 
the need to calibrate the IMS. The true explanation of the differences observed in 
error ellipses between two bulletin is most likely to be somewhere in between, with 
some nontrivial relative location bias less than 35 km and a confidence level 
between 50 and 90%. A bias could be introduced due to operational differences such 
as the number and distribution of stations used and in the way constraints are 
applied on an event's depth. Similarly, the discrepancy in precision could be due to 
different values assumed for the a priori information needed in the Jordan, 
Sverdrup algorithm. This question can be resolved given sufficient ground truth to 
calibrate the networks. 
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APPENDIX 

The objective of the simulations is to replicate the process of constructing 
competing epicenter ellipses. Prototypical ellipses may be obtained from the median 
parameter values for the matched events. For the REB, the median semi major axis 
was 47.35 km; the median semi minor axis was 19.2 km. The median number of 
stations used in the computations was 10. The corresponding PDE figures were 15.4 
km, 7.2 km, and 24. The orientation between the paired ellipses is characterized by 
the difference in ellipse azimuth. The median absolute azimuth difference was 25 
degrees. A T2 confidence ellipse at a specified confidence level for the mean of a 
bivariate normal random variable with an unknown covariance matrix based on a 
random sample of size n from the distribution is a function of the sample mean 
vector, the sample covariance matrix, and a critical value from the F distribution 
with 2 and n-2 degrees of freedom. Covariance matrices corresponding to the 
prototypical bulletin ellipses were calculated by an Excel program that solves for the 
covariance parameters as a function of the confidence level. For purposes of 
identifying intersections of ellipses it was sufficient to orient one of the ellipses 
(REB) to have expected zero azimuth and the other ellipse (PDE) to have expected 
azimuth equal to the prototypical absolute azimuth difference. Computer software 
was written to construct a series .of simulated paired confidence ellipses with 
specified properties: the ellipse confidence levels, and the relative bias of the 
location vectors. The confidence levels were taken to be the same for each bulletin. 
For example, each level could be 80%. For location the metric was the distance from 
the epicenter in km, with arbitrary x and y coordinates. A zero-valued location bias 
implies that the confidence ellipse is centered on the average at the epicenter. For 
the purpose of identifying intersection of the competing ellipses only the relative 
bias of one ellipse with respect to the other is important. If one ellipse is unbiased 
and the other is biased by an amount b in both the x and y coordinates, then the 
relative location bias is the distance b42. For each specified scenario of confidence 
level and bias, 3000 computer simulations were performed based on pairs of 
independent bivariate normal samples with respective sizes 10 and 24, and 
appropriate corresponding covariance matrices. Thus 3000 pairs of T2 confidence 
ellipses modeled by the prototypes were constructed, and the percentage of 
intersecting ellipses was calculated. 
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Fi ure 1. Area of area ellipses for January 1995 REB events plotted against (a) Number of phases; 
(bbJ umber of stations; (c) Azimuth gap; and (d) Magnitude. 
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Figure 2. Residuals versus distance to the nearest station. In the top frame both the data sets are 
Plotted. IDC residuals are aiven bv (+I and NElS bv (01. The two sets are Plotted seDaratelv in the 
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Figure 3. Error ellipse size versus number of defining phases. The effect of the number of defining phases 
on the size (square root of the area) of the error ellipse is shown for 3 cases of azimuth gap, 60, 120, and 

,180 degrees and 4 cases of minimum station distance, 5, 10, 30, and 60 degrees. 

. I  



. 

100 

90 

80 

70  
a. 

Q 

2 60 

50 
L 

40 a 
30 

20 

1 0  

o !  I I I 1 

0 10 20 40 50 60 30 

bias (km) 

100 

95 

90 

85 

5 70 a .  
65 

60 

55 

50  
40 45 50 55 60 65 70 75 

confidence level 
80 85 90 

Figure 4. Rate of overlap versus bias (top) and versus confidence level (bottom). 


