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VII.9 NORESS regional event records - wavefield decomposition 

schemes 

The high-quality NORESS recordings of events at local and 

regional distances exhibit many complex features the significance 

of which is difficult to assess by visual inspections of the 

records. What is needed here is fast and robust analyzing schemes 

for phase-type identification, and estimates of the associated 

slowness vector. An added advantage would be if the above infor

mation or part of it can be used for time-domain filtering of the 

original records so as to visually expose major features. The 

ability to extract significantly more information from local and 

regional event records is essential for more advanced seismogram 

analysis like forward and inverse modelling and not at least 

expert system designs. In this context we have conducted a prac

tical analysis experiment on NORESS records of local and regional 

events, using different techniques, namely, f-k, semblance and 

the novel 3-comp. analysis technique described in subsection 

VII.8. 

f-k analysis 

Our interest here is to have a computationally fast, sliding win

dow approach, and the necessary details here are as follows: Con

sider an array of N-sensors whose locations are rj; j=l,N. For a 

prespecified time window of the records, the respective Fourier 

transforms are Cj(w). The corresponding frequency-wavenumber 

(f-k) spectrum is defined as 

P(w,k) 
N N 
I l Sj1(w) exp(ik(rj-r1)) 

j=l l=l 
(1) 

I 
I 

I ~ ~ 
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where Sjl is the cross-spectrum between the j-th and 1-th 

instruments. Sine Sj1(w) = Cj(w)•C1(w), eq. (1) may be rewritten 

as 

N N 
P(w,k) l l Cj(w)C1*(w) expi(k·;j) ·- -= exp-i(k·r1) 

j=l l=l 

N N 

l Cj(W) expi(k·rj) l * - ~-= • C1 (w)•[expi(k·r1)] 
j=l l=l 

N 

I I 
j=l 

which only involves a single summation. This technique for 

P(w,k)-estimation was first proposed by Flinn and Smart (1971). 

Additional speed-up in programming is obtained by using proper

ties of the exponential function to eliminate indexing during 

power component summation and by using the "sum of angles" for

mula for sine and cosine terms when estimating the Fourier 

spectrum Cj(w). Frequency domain smoothin~ was performed by a 

Hanning operation, i.e., replacing Cj(w) by 

1 1 1 
4 Cj(w1) + 2 Cj(w) + 4 Cj(wz) 

w1, wz being w ±.5 Hz) during the initial spectrum estimation. 
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Comments: f-k analysis, including its ML variants, is generally 

not rated a robust analyzing technique for several reasons. In ML 

estimation the signal is presumed non-stochastic, which is not 

necessarily the case in shorter time windows, while for conven

tional f-k relatively long time windows are needed (T ) 1.6 sec) 

to ensure a good Fourier spectrum estimate. Perhaps the most 

intriguing aspect of f-k analysis is that in most applications, 

the slowness estimate extracted is tied to peak power in the f-k 

space. Under adverse conditions with interfering wavelets, peak 

power is not always associated with the "primary" phase and thus 

wild slowness estimates may ensure. Let us add that under more 

normal conditions, conventional f-k analysis represents in many 

respects a convenient tool for seismogram decomposition. 

Semblance 

So-called semblance analysis is in many respects similar to 

VESPAGRAM analysis, and as such is of potential interest in pro

cessing of regional NORESS records. The semblance parameter St, 

essentially the normalized beam power over a given window 2~T and 

for a given slowness, is defined as: 

t+~T 

l 
p=t-~T 

t+~T 

N l 
p=t-~T 

2 

(3) 

The St parameter is a simple signal coherency measure which 

appears to provide reasonable phase velocity estimates even for 

complex local and regional event records. Besides its calcula

tional simplicity, an added advantage is that the semblance tech

nique works well even for short time windows of the order of .5 
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sec. In practical use the looping over the P and S crustal 

velocity window, say 3-10 k.ms-1 for a given azimuth and signal 

window width. We may also loop over azimuth for obtaining a more 

refined velocity-azimuth estimate for dominant phases in the 

record. 

3-comp. signal analysis 

The theoretical basis for this technique is described in subsec

tion VII.8, so here we will only comment on the practical usage 

of this technique. The output from the 3-comp. analysis (single 

site) is probability of P, S-, Rayleigh and Love-waves in the 

records as a function of time and azimuth. Since this technique 

embodies the estimation of the principal axis of the particle 

motion ellipsoid, it is easy to estimate also the apparent angle 

of incidence for an incoming phase. This parameter can in turn be 

converted to apparent velocity and henceforth epicentral distance 

via standard travel time tables. The error in the corresponding 

azimuth and velocity estimates are of the order of ± 15 deg and 

± 3 k.ms-1. Important, most of the observed deviations are deter

ministic, that is, due to structural effects and thus to a large 

extent can be removed by appropriate corrections in the same way 

as done for arrays. 

The advantages with the novel 3-comp. analysis is that it pro

vides an efficient means for decomposition of even complex 

wavetrains, can operate on short time windows of the order of 

O.S-1.0 sec and provides good estimates of the slowness vector. 

A drawback is easy triggering on noise wavelets which we consider 

removable by appropriate filtering schemes. 
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Practical examples: 

The relative merits of the 3 analysis methods discussed above 

have been tested on real data and detailed results for a presumed 

explosion near Leningrad (Date: 29 Jan 85; OT: 11.59.47; Lat. & 

Long.: 59.3N, 28.lE) are presented below in Figs. VII.9.1-6 and 

Tables VII.9.1-3. 

All the figures have the same time scale and thus are easily 

comparable. The main features are summarized in the figure 

captions. 

In Tables VII.9.1-3 the outputs from f-k, semblance and 3-comp. 

analysis are presented in detail. All three methods give reason

able velocity and azimuth estimates of the first part of the P

wave train (centered around t = 126 sec), although the semblance 

results by far appear to be the most robust ones. Interestingly, 

the single 3-comp. station analysis results contain all prin

cipal phase information features as found in the semblance and 

f-k results plus some more, most of which is termed coda signa

ture of the event in question. Also, the 3-comp. analysis results 

are rather stable when based on beam traces formed from the 4 

NORESS stations in question. For the shear wave section we have 

not run the Love and Rayleigh models of our 3-comp. analysis 

package. 

Comments: The results presented are rather self-evident, so we 

will only remark that the advantage of f-k is scanning of the 

whole "space", but that in more extreme cases the associated (peak 

power) slowness estimate could be very wrong. Semblance is robust 

and provides adequate slowness estimates, but for easy use in an 

automated mode require 2:. priori information on azimuth. Further

more, semblance function values are convenient for generating 

I 

I 

I 

I 

I 

I 

I 

I 
I 

I 
I 

I 
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weighting filters in the same way as used in 3-comp. analysis 

(Fig. VII.9.5). Finally, the 3-comp. results do not compare 

unfavorably with those obtained from f-k and semblance analysis 

using whole array recordings. It also seems to work well for 

signals with poor SNR as demonstrated elsewhere. 
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Table VII.9.la Output of "sliding" window f-k analysis for signal "center" 
frequency fo=3.2 Hz and whole NORESS array except A-ring. 
Three different window lengths are used, namely: 1.0, 1.5 
and 2.0 sec. Other values of fo gave less consistent results 
vis-a-vis "true" velocity and azimuth at 8.38 kms-1 and 
92.60 deg. A comparison with semblance results in Table 
VII.9.2 clearly implies why semblance is termed a robust 
analysis technique re f-k. 
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2.J2 
5.26 
5.12 
d. lj 5 
4ed9 
9.65 
c... u7 
ii. 3 3 
1.ao 
7.os 
a.~o 

5. 9 '3 
't. 74 
5.19 

7o.d4 
6030 

14.27 
4.21 
5.91 
4· t.18 
5.58 
?.J7 
'to49 
4.12 
6.07 

3 1t 3. 4f• b. 3 0 
1> 7. 4'1 5. 4 7 

120.96 41.o7 
4J.24 't.76 
9o.63 
68.s1 

126.51 
rn. 3'3 
'ib.13 

269.29 
7 3. 39 
Sl.99 

l tl 9 .32 
7 2. 91 

165.47 
7 60 tl3 
9 7. 82 

5·61 
'+•62 
z.54 
4.01 
6. "d7 
3.oo 
4.09 
4.56 
J.58 
't ol 1 
a. 11 
5.03 
4.12 

44.9 19.bq 5.84 
5lo9 88073 5o't0 
49.8 • l U:1.20 3.10 
51.5 98.84 5.34 
4'te7 bol3 3~o37 

<t6o7 279.90 3od0 
41.2 2~a.1s 5.53 
54.7 
49.7 
51.4 
55.3 
53.6 
't R • 6 
48. c 
5J. 5 
51.2 
50. 8 
45. '• 

"13. 99 
11 7.35 
11 4. 611 
119.05 
107.70 
144.()4 
216.12 

?6.()7 
JZ6.77 

? lo l 7 
2 i:i. so 

5.o4 
7o<t4 
5 .97 
4.72 
4.93 
3. 86 
5.31 
5 ol 4 
1.01 
'te96 
0.10 

POi<icK 
4.:. t.J 

2. 50 
AL IM 
3.24 

4'.J.u ;.s.s2 
47.7 l(J7.45 
47.4 96.!'.>3 
40.2 112.':ll 
49.5 112.89 
I, ii. 9 

'• d. 0 
42.9 
4J.u 
4'+.u 
4 7 o7 
45.4 
4~.u 

5i.3 
50. 't 
4o. :i 
4 7. ,;_ 
49.9 

"". l 
52.o 
49.9 
~o.o 

5:>.~ 

') 2. 3 
'd.9 
so.a 
'i3.'t 
'i lo 2 
51.o 
53.0 
52.3 
49. '1 

'i 5. J 
->2.4 
52.5 
53o't 
4<.;.4 

'+9. 5 
51.8 
47.z 
"3 .1 
48.7 
52.2 
c;,.:. 0 

52.6 
4[io? 
47.5 
5406 
51>.u 
~· 7 .1 
<; 1. 1 
5006 
5 9. 't 
5bod 
::;3. 2 
SJ.2 
S() • 9 
50.i 
so.a 
'•5. 4 

l (Jr). 5 '• 
lGS.Zu 
3J'i.?:> 
lj7,c-G 
2 3 4. () :i 

r_I~. ~4 

iJ '3. 1 ? 
l l3.2U 
lC9.~9 

1 2 ') • c; 0 

;}oG. lU 
CJ':i • ~ 3 

L'.4.56 
121-2'9 
12..,.12 

3. () i.. 
7 5. 76 

l 07. 02 
12.0.53 
112.01 
127.23 

11. 5 7 
343.98 

83.7.3 
100.10 
"3. 3 7 

12•1.•5 
7 !:>. 2 Z 
99. •Ji;, 

267088 
71.57 

1:>2.10 
lci'l··'H 
68.'!6 

11e.01 
93.37 
340.~o 

96.h3 
:-36. 7 b 

117.53 
Z09. 65 
116.1:.J 
91.l 2 
93.37 

lC7.59 
lie.Su 
120.53 
lCl.73 
107.?o 
144.04 

23.74 
3C.<l.47 
326· 77 

91.17 
28.50 

Vcl!J 
4. ~ :J 

10.56 
6.62 
5 • f, l 
4.79 
4. 97 
7. 3 '1 
7. 1 ;j 
?, •OJ 
7 • ~-1, ...... 

2.97 
3. p .J 

7.nJ 
4 • c. D 

4. f.i 6 

3. 7; 
3. 2 0 
.l. 5.:' 

'•. 4? 
4.07 
l-) • 3 l 
3. 0 7 
-~. 5,: 
t,.. 7 ~ 
5.37 
4.79 
2. 5 '.) 
c;. 1 2 

3 • 1 .... 
5.4J 
6. l 3 
't. 7 ~ 
Z • 5 'I 
.;. • (,._ :> 

3.4/j 
3.0J 
4.04 

12.63 
'3. 3 d 

l 7. 4 '.; 
4.5b 
'• • 7 (; 
3.3! 
r;. 61 
4.5j 
~.C4 

1.25 
3. 7 (. 
4.7t> 
4. 7o 
5. l)'.J 
,, • l (j 

'i. 37 
ft. 4 9 
1•. 3 7 
3. & c, 
6.87 
l) • 3 ., 

7 .,j l 
4.9b 
.., • 1 0 

Table VII.9.lb Output of "sliding" window f-k analysis for shear 
wave section, caption otherwise as for a). 



WIN UO,; : 
TIM t: 

120.00 
120. 50 
Ul .OG 
121.50 
lt:Z.Ou 
122.50 
1.23.00 
123.50 
124.0u 
124.~jQ 

125.0 i.) 
125-.so
L:'.6.oo 
126.50 
127.JO 
127.50 
iza.oo 
123. 50 
129.ou 
1£9.50 
l 30.Q(; 
L:lf"J.50 
1.H .Ou 
1.H. 50 
132.0u 
lJ?.SC 
133.UJ 
lJ3.':iu 
l j4.) 0 
1J4. 50 
135.00 
135.5u 
1J6.'L) 
l j~. c; 0 
l 3 7 .o () 
D7.5U 
13~. 0 0 
l 38. 5 () 
lJ'l.OU 
l JQ. 'i u 
l 40. 0 (J 

140.5;; 
141 • () u 
141.50 
l 't2 • Jc 
142.5u 
143.00. 
143.50 
144. Oll 
144.50 
145.0J 
145. 5 0 
146.00 
146. 5 0 
147.ou 
147.50 
i ... 8.ou 
148.50 
\49.0U 
l 49. •j ,J 
I 50. OJ 
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FILTH< : 
A7 l'~UTti : 

o. ~a 
SEMflL 
0.01 
0. l () 
0.19 
'). l 0 
0.13 
0.01 
0.01 
0.19 
0.17 
0.09 
'.). l 5 

-0-.-2-u 

'.). 49 
').fl 2 
•J. 'l 2 
(). 7 0 

0.55 
0.50 
0.30 
0.3J 
0.13 
0.47 
0.4j 
r.. 3 l 
0.44 
O.lL 
o.n 
O.Z9 
o.zu 
0.4 .. 
0.63 
() .1 8 
0. 3 (J 

0. l 't 
r). l 0 
0.28 
0.23 
0.29 
0.34 
0. 2:) 
0.3't 
0. 19 
0.36 
0.13 
0.09 
0.10 
0.18 
0.22 
0.12 
0.34 
o.36 
0.13 
'). 2 0 
0.05 
0.29 
0.32 
0.24 
f). 09 
:) • 05 
0.14 
'). 40 

llf LO 
l 3. oo 
12. 2 5 
12. 75 
lo. 50 

6.UO 
l 2. 75 
7.uo 

13. 75 
6. 75 

11. 00 
o.oo 

- fJ. 75 
l l • O'J 

9. 25 
9.25 
9. 7 5 

lo. 75 
9. 25 

l J. 00 
1.~o 

o. 50 
lo. 75 

8. 0() 

tJ. 50 
' d. 7r; 
l j.;: 5 
l lo I)'.) 

7,50 
7. (. 5 

l 3. 00 
9.25 
7.50 
7. 00 
1. oc 
9. 75 
a.so 
1. 50 
1. 50 
tJ. 0•) 
7.25 
o. zr, 
a. 75 
1. 00 
6. 50 

l 3. 75 
12. 75 

8.75 
7.25 
6. 00 

12. 00 
12. 25 
11. 00 

e. oo 
6.25 
9.25 
a. 75 
(l.50 
b· zr, 
9.1)0 
1.00 
8. 01 

l • 00 
5l'1UL 
0.01 
0. 13 
u. 19 
o.os 
(j. l () 
0.01 
0.03 
0.12 
0.i 1 
J.12 
Od'> 

- 0. -2 '3 
(j. 11 
0. 80 
J. 7'1 
Q. 75 
0. c,? 
0.45 
0.22 
0.24 
u.31 
u.::s~ 

1.io 44 
o.39 
o.J4 
o.2r; 
J.Z3 
0.26 
0.24 
(). 51 
\J. 55 
0 • .31 
o • .:::4 
0.15 
(J. l 0 
0.23 
(). 25 
0.32 
0. 32 
0.21 
0.2a 
0.25 
0.26 
0.12 
o.oa 
i).15 
0.14 
0.11 
0.25 
0.33 
Oe.30 
0.20 
0 .11 
0.13 
0.21 
o.2a 
0.26 
0 ol l 
0.04 
\J • .21 

VELL.l 
t].75 
12. 75 
12.25 
13 .0U 

&.25 
1.00 

13.75 
13.15 

6.7':) 
6.75 
a. 75 
r.25 
'"1.25 
9.25 
9.?j 
"1.75 

10.ClO 
9.~5 

13.00 
7. 5(J 
7.50 

l '.J. 75 
8.75 
B.50 
g.75 

1.1. 00 
9.75 
8.75 
7.25 
9.75 
9.25 
s .::io 
1.00 
7 .Ou 
7.5J 
8.50 
7.50 
1.50 
s.oo 
a.zs 
e.oo 
o.oo 
1.00 
6.50 

13.75 
12.75 

7 .2 5 
7.2!> 
9.75 

12.25 
12.25 
11.00 
e.oo 
a.oo 
9.25 
a.oo 
9.00 
9.oo 
6.25 
a.oo 
a.00 

1.50 
SE1'1BL VE'LIJ 
o. 09 13. 7 5 
0.12 12.7'i 
0.14 12.25 
0.10 l<:.75 
o.oa o.25 
o.oo o.50 
Ooll l2o75 
0.10 
0.10 
0.12 
0 .16 
ff~39 

0.15 
o.79 
o.79 
0.12 
0.64 
0.4d 
o.36 
0.20 
0.29 
').34 
0.39 
0.40 
0.31 
0.21 
0.19 
0.24 
0.30 
0.45 
0.47 
0.40 
0.21 
0.16 
0.14 
o.1a 
0.21 
0.29 
0.29 
0.30 
0.25 
0.21 
0.19 
0.14 
0.10 
0.11 
0.11 
0.18 
o. 22 
0.30 
0.29 
0.22 
0.10 
0.16 
o. 20 
0.21 
0.23 
0.14 
0.01 
0.24 
0.37 

6.75 
13. 7 5 

6.7.-.. 
d.75 
-9-. i 5 
9. £ <; 

9.25 
9. 2 5 
9.25 

lo.oo 
10.75 
9.25 
s.75 
tl.75 
th 75 
d.75 
i:J. 75 
a.1i; 

11.0fJ 
do 7'i 
tj.~5 

9.75 
9. 7 'i 
9.£5 
9o.?'i 
7.01) 
1.00 
do5'! 
tl. 7 5 
1.~o 

7.50 
d·O" 
d. 2"> 
IJ. 25 
o.oo 
o.so 
O• jf) 

B.uJ 
a.oo 
7.25 
1.25 
9.25 

12· 2 5 
12.25 
lleOO 
8.oo 
9.25 
a.75 
9. OfJ 
9.00 
9.oo 
t;,.25 
thOO 
d.Or:J 

Table VII.9.2a Output of "sliding" window semblance analysis with azimuth 
fixed at 90 deg, and traces 3.0-5.0 Hz bandpass filtered. 
Windows of lengths 0.5, 1.0 and 1.5 have been used. 
Semblance values less than 0.3 not considered significant. 
Finally, fixing azimuths at 80 and 100 deg did not pro
foundly change the semblance results displayed here. 
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S£MULA'~Ci: C;HE'<c'-H.Y ANALY'.>!S lF 'W'<ESS '.>Pl uATA. 
DATA FILE :N~!)~<;OZ9 11594002 
CHAi~'lcl) NrJT us E['I : p,3 u4 3~ Al ~.z A3 31 b2 

------------------------------------------------------------· 
W INU'Jtl : 

Tl '1 E: 
21'0.0CJ 
210.<;0 
211.0J 
2 ll. 5u 
212.~11.) 

212.5J 
213 .oo 
21.3.50 
214.0U 
2i.4.5U 
215.0C 
215.50 
.?lb.O.; 
216.5U 
211.ou 
217.50 
218 .!JO 
218.50 
219.tJO 
219.5:,j 
zzc .oc 
22.0.50 
221.00 
221.50 
222.00 
222.so 
223.'.10 
223.50 
2~4.0C 

U4.50 
2i5.'.JJ 
225.50 
2L6.0D 
2 LI.>• 5 J 

227.0J 
22.7.51J 
22A.OO 
2 28. 5 0 
229.00 
229.5t] 
2 30 .'JJ 
2 30. 50 
2 31. 0 CJ 
231.50 
2 .32. o J 
2 32 • 5 Cl 
233.00 
233.50 
234.0u 
2 34. 5 j 

235.0J 
235.50 
2 36. 0 0 
2 3">. 5 CJ 
237.0U 
237.'iJ 
~JfJ.')J 

? 3!1 • 5 J 
:~JQ.']j 

2 j9. 5 J 
2 "t"l. 0 i.) 

FllTEr{ : 
A11"uTH : 

1. I)'.) 

2 
9..,. 00 

1.50 
!'>'Oi1:JL VELO Sc'~bl VEL:J 
0.35 
".). 2 5 
0. 2 (j 
0.11 
1;. 2 I.) 
0.24 
Gol6 
0.19 
0.11 
0.1;, 
~l • 2 5 
I). 2 5 
0.20 
0.23 
(). 2 ti 
'l. 3 j 
'J. 1 9 
0.20 
n.zJ 
0.19 
Ool e 
Oolo 
0. 22 
0.11 
•J .1 j 

0.19 
0.21 
".'.33 
I). 3 <; 
').?. 7 
0.10 
'}. l 7 
0 • 3 L 
:) • 3 0 
r,. 2--} 
0.20 
0.15 
0.17 
o.u 
0.29 
0.25 
O.J9 
0.:) 7 
0 ol l 
O.H 
o.3u 
0.2..> 
'). J4 
(). 41 
1Jo4d 
o. i:, 1 
0.41 
0. 5 4 
n.6~ 

0. 3 ti 
f). 11 
0. ,,., 

'). 2..: 
(). 3't 
'). ~ J 
0.38 

1. 50 
7. '.>O 
1.25 
1. 50 
4.00 
4. t):) 

1.00 
j. 5,') 
5. 50 
5. 2 5 
bo 7'i 
c:.. 7.-, 
bo 7'.'> 
4.25 
4. <: 5 
4.L5 
'to on 
b• uC: 
5. oc 
7. uo 
6. c::5 
j. z..-. 
5. 7" 
5. 7"> 
6· 75 
4• U'l 
4.QJ 
4. 2 5 
"t• 50 
5. 0~1 
3 • .;') 
4. 5n 
5.0J 
4. Ls 
S.uJ 
:> • .:'.5 
3.oo 
3. 50 
3. 50 
3. 75 
4o00 
3. 50 
J.oo 
1. 50 
4.jr) 

4. 5'1 
'to 5J 
.... 2 '.i 
4.zs 
4. 7'> 
4. 7r:. 

4• 7S 
4. 7r, 
4. 5:) 
4. 'ji) 
7. 00 
3. 0'1 
4o00 
4. ~" 
4. ')rJ 

4. 51) 

0.32 
J.31 
(j. 19 
Col2 
(; ol 7 
(J. l ',1 

0. 16 
0. 15 
0.11 
u. 13 
0. 2 3 
0. L 5 
0.23 
u • .: l 
0.33 
u.Jo 
\J. 2. '.) 
u .. LO 
L... il 
uo.<:2 
0. 11 
0.15 
0. l t1 
J. 16 
0.15 
J.14 
~.24 

0. 31 
J. y; 
tj. 2 7 
0. 1.., 
O. Ul 
'-'. 2 '1 

J. 3'+ 
:.) • 2 9 
Uo2i 
o. 13 
0.10 
0.21 
0.26 
o. 21 
u.11 
0.01 
0. '.)'~ 
G. 22 
o.z4 
J.30 
o.zs 
J. '+b 
0.44 
o. 4 7 
u.)C 
J. )6 

\). 51 
o.36 
0. 14 
o. l2 
u. 2.1 
u • .t.:9 
i). 3'1 
J. 30 

7.50 
7. 50 
7.5J 
3.SJ 
4.00 
(~ • '10 
7.25 
5. '.jl) 

5 ·"J 
5.25 
s. 7~ 
6.75 
6.75 
't. 2 5 
4.zs 
4.25 
'+ .oo 
5.oo 
5.oo 
6.25 
1.ric 
&.'10 
5. 7'.> 
5.75 
5.50 
J.75 
4o25 
4.25 
4 .';o 
4 .su 
3.00 
4. 2 ') 
'+ •. ? '.) 
<;. 'li.) 

) . ')..) 

s.su 
3 .2 5 
3 .c;o 
? • 50 
3. 75 
3.75 
3.75 
7 .'.;J 
7.50 
4. ':">O 
4o5J 
4.jJ 
4 .z 5 
4 .z 5 
4. 75 
4. 75 
4. 7 ':J 
4. 'il) 

'•. 5u 
4. ':i (J 

5 .?. 5 
4. j l.1 
4. '! ~ 
4.? ;.J 

4 .'ii.) 

4 .;;v 

2.00 
SEMBL l/ELCJ 
0.28 
0.26 
Ool8 
0 o l 'l 
0.10 
o~ib 

0.18 
0.15 
I) .1 7 
0 .19 
0.20 
'). 2 J 
0.19 
0. 20 
0.29 
0.24 
o. 2L'. 
0.20 
0.19 
0.19 
0.11 
o.zu 
0.16 
0.16 
0 .11 
o.1s 
'). 2 ., 

0.29 
0. 30 
0.21 
0. 22 
0.21 
'). 2 3 
0.31 
'). 2 b 

o.zu 
0.14 
O.ld 
0.23 
0.23 
0.20 
0.11 
O.Od 
0.12 
0.20 
'). 'U 
0.3~ 

0. 3.3 
0.43 
').46 
Oo4"? 
o.5.c: 
0.53 
0. 4'+ 
0.38 
0.23 
(). l ., 
(). l ':I 

0. ,'?ti 

o.35 
O.Ob 

7.50 
7.50 
7.50 
1.25 
3. 7i:; 
4.00 
4.2io 
5.25 
5.50 
6.5(' 
6.7'> 
6.75 
6o 7'i 
4.25 
4.25 
4.25 
~.00 

5.0G 
1.00 
5. uO 
1. so 
5. 7 'i 
5. 7<; 
5. 7 'i 
4.75 
't. 0') 
't. 2 <; 

4. 511 
4. ~1J 
4.~0 

4.s0 
4oZ5 
.... <. 5 
5. (,r) 

5.00 
5.25 
J. 5'1 
3.75 
3. 7 c; 
3.75 
).75 
7.50 
4.50 
4o5G 
't.50 
4. ::.o 
4.50 
4.75 
4.75 
't. 7 5 
4. 7<. 
4. 5(1 
4o50 
4.50 
4.50 
4e ~)f) 
4. i c; 

4.5r 
4.50 
3. O"' 

-----------------------------------------------------------· 

Table VII.9.2b Output of "sliding" window semblance analysis for 
shear wave section. Caption otherwise as for a). 

1, 
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;..-·, ... J ,t'' i ~,I .. 1\t'' ~ l . .,. I r"'• I,,, L .. LI.LI I , ., ' L ),, f . .,, L '.) .) r-Ur<. 
'"'1 1 .... L) 1" ;·f, Ji .',,\Ai .··: J ~I f'-1

.lJ;),.\ '11 i T '( ,, 1 T l l i \- At.:i 1 l M'.. ,If :~i.'•J..i 

TI Ml: Of.:)tlA:.ilL! TY 'IL I MUI ·l Vt L LIC. IT Y 

120.uO Ll • .c~ 
120.SO (). (i l 
12 lo QQ o.oo 
121.50 u. 58 o. (J ,) 10.473 
lU. uO u. 9!) 14.00 8. 399 
122. 51 0._;4 u. lhl 6. uoo 
lZj.QQ u.~5 lb4.U') o.OOG 
l2J.5J o.oc 
l?.4oUJ o • .c-1 
124· 50 o.1q ,c4. on 8.261 
l.(~.00 u. "" lu.uo a. c>32 
l?. '.). 50 u. LO 
121.>.0Q u.£.,2 62.0Q 10.501 
1?.6. so u.57 do. J•J 10.9Q4 
l?. 7. uC (J. 7q 9 0. Q!) 12.lQO 
127.50 l. OJ 98.(.)0 l4o4?.j 
l?.tl.00 u. 74 ·J4. U•) l).192 
12 H. SO (). 0·1 

l?.9.00 o.9n :·16.0'l 19.155 

12 "· 50 l). 56 44.00 17. 02 3 
uo.oJ (). 7 7 74.00 9.'IO.:. 
uu.so ;;;. 87 62. QC ll. .3 51 
i.31.u'l u.7& 7o.UO 2do976 
131.50 \J. 5'i 172.uO l'JJ.OOC 
132.0·l 0.02 
132.5'.J (,.u4 
UJ.OC: Li• o:? llu.00 6.000 
l 3 j. 50 J.52 h6.UO o.ooo 
114.U~) u. 95 7 O. r.JO (). 15 l 
134.)') :.J. 97 l '> 8. (J 0 11 • .394 
1 3 5 • U') 0. 't l 132. ,)') liJ.515 
n;.5;) 0. or~ 
130. U•') (j • \.I~! 

1Jo.:>O J. U'J 
n·1.uJ 0. (;b 

137.5J 0. u _, 
l 3u. oo 0.00 
130. 50 u.oo 
lH.00 u.56 9o. U') 20.u11 
139. 51 0.s1 122.LC 1.0<>1 
l40.0) 0. 3:1 l.14.~C o.UOU 
J.'t0o5J u. 1-:? 112.J'J o.oou 
141.ll'.J ...,.12 l't.::. l.10 t.. 81 5 
141. 51 Oo't9 7<t.O~J 8.d6l 
l 1tL• 00 (J. 5 7 11s.00 7.368 
14.2. 50 o.1e 
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Table VII.9.3a Estimates of apparent P-wave velocity at site Ao on the 
basis of the 3-comp. seismogram analysis. Window length 
1.0 sec and traces 3.0-5.0 Hz bandpass filtered. For P-wave 
presences, probabilities less than 30 per cent (0.3), velo
city estimates deleted due to lack of significance. 
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Table VII.9.3b Estimate of apparent shear wave analysis for shear 
wave section; caption otherwise as for a). 
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Figure captions 

Fig. VII.9.1: Filtered 3-comp. traces for station AO; the z
component is representative for the other NORESS stations. 
a) P-wave section, filter 3.0-5.0 Hz; b) shear wave section, 
filter 2.0~4.0 Hz. 

Fig. VII.9.2a): P-wave semblance estimates as a function of time 
and phase velocity for T = 1.0 sec.; azimuth 900. b) Same as a) 
except that looping is over azimuth with vel = 9.0 kms-1. For 
details see Table VII.9.2a. 

Fig. VII.9.3a): Shear wave semblance estimates as a function of 
time and phase velocity for T = 1.0 sec; azimuth 900. b) Same as 
a) except that looping is over azimuth with vel 4.5 kms-1. For 
details see Table VII.9.2b. 

Fig. VII.9.4a): 3-component analysis, P-wave probabilities (0.9 _ 
90%) as a function of time and azimuth; window T = 1.0 sec. 
b) Same as for a) except this time for the shear wave section. 
For estimates of apparent velocities, see Table VII.9.3. 

Fig. VII.9.5a: Probability filtered records; only that part of the 
seisaogram having probabilities of being P-wave motion within the 
azimuth sector 90 ± 30° is retained. b) Probability filtered 
shear wave section. 

Fig. VII.9.6a-e): This sequence of figures demonstrates the 
viability of 3-comp. signal analysis under adverse conditions, 
i.e., SNR around 1 or less. a) Filtered P-wave section 
(3.0-5.0 Hz) for the beam formed on the basis of the 4 NORESS 
3-comp. stations; b) The probability filtered variant of a); 
c) Unfiltered beam record; d) The probability filtered variant of 
c) (the original non-band pass record); e) Band pass filtering of 
the d)-records, which should be compared to b). Our remark is 
that this record sequence demonstrates convincingly that the 
3-comp. analyzing technique works well for SNR around 1 or even 
smaller values. It should be added that we were unable to repro
duce a counterpart to e) on the basis of a single station 3-comp. 
record. 
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