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ABSTRACT

This report presents results from an evaluation of the discri-
mination capability of the Norwegian Short and Long Period Array (NORSAR)
for Eurasian events. The evaluation was conducted by Texas Instruments
Incorporated at the Seismic Data Analysis Center over the period 1 April 1971

to 30 September 1973, : 4

The following types of discriminants have been analyzed and

their performance has been compared:

° Ravleigh wave energy versus m (Ms- m AR/mb)

b b’

) Love wave energy versus m_ (MS- m,, AL/'mb)

° Short Period P-wave complexity versus m, (three discriminants)

b

e e T T

° Short Period P-wave spectral content versus m (Dominant

The total data base for this evaluation consists of 233 earthquakes

R T TR
£ LT e

from 1971 - 1972 and 24 presumed explosions from '971, 1972, and 1973.
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SECTION I
INTRODUCTTION

This report presents the results of an evaluation of the cap-
ability of the short and long period Norwegian Seismic Array (NORSAR) to dis-
criminate between Eurasian earthquakes and presumed explosions., It com-
plements the analyses of the individual performance of various discriminants
presented in Special Report No. 11, (Ringdal and Whitelaw, 1973) and Special
Report No. 12, (Laun, Shen, and Swindell, 1973) for the NORSAR short and

long weriod arrays, respectively.

The NORSAR array is centered about 100 km north of Oslo,
Norway, at a latitude of 60. 8°N and a longitude of 10. 8°E. It consists of 22
subarrays, each with 6 short period and one 3-component long period sensors
(Figure I-1). The diameter of each subarray is 8-10 km; the full array has

an aperture of approximateiy 100 km,

The results presented in this report are based upon Eurasian
earthquakes occurring between 30 April, 1971 and 31 July, 1972 and Eurasian
presumed explosions from 1971, 1972, and 1973. Essentially, the data base
consists of events that were processed for both the short period and long per-
iod evaluations (Special Reports No. 1l and 12, 1973}, However, a few addi-
tional presumed explosions from 1972 and 1973 have been analyzed in order
to increase the common event population. The complete data base is listed in
Tables I-1 and I-2, Total number of events is 257, 24 of which are presumed

explosions. All of the earthquakes are either shallow or of unknown depth,

Figure I-2 presents a breakdown of the processed events by in-
formation source. Our events have been selected from seismic bulletins pro-

vided by four different organizations:
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FVENT
DES IGNAT ION CATE
XAZ2/145/04N 05/725/71
KAZ2/157/04N 067/06/71
KA2/170/04N 06/19/71
URA/191/16N 07/10/71
KAZ/282/06N 10/09/71
Ex2/294/06N 10/721/71
EXKZ/333/06N 11/729/71
EK2/349/0TN 12/715/171
KA2/356/06N 12/722/171
EK7/3€4/06N 12/730/71
EXZ/041/05N 02/10/72
KA2/070/04N 03710772
EXZ/088/704N 03/728/12
EXZ2/188/01N 07/06/72
Ex2/7229/03N 08716712
WKZ/233/02N NR/20/72
EKZ/246/08N 097027172
SWR/277/08N 10703772
EXZ/7307/01N 11/02/72
EXK1/345/04N 12/710/72
EXZ/047/05N 02/716/7172
EK2/204/01N 07/723/13
ExKZ/227/01N 08/15/13
EK7/240/03N 0R/28/73
ABBREVIATIONS

P

I

NL:

TABLE I-1

PRIGTN
TIME

N4.02.57
04.02.57
04402,57
16.55%.56
06.02.57
060257
06,0257
07.52.59
0665556
06.2C.58
05.C2.57
04.5€.57
04.21.57
01.02.58
03.1€.57
02.56.58
08.56.58
08.56.58
01.2¢.58
04.26.58
05.02.58
01.22.5F
01.55.58
02.5G.5R8

Reported by PDE
Repcted by ISM

No Long Period signal detected on NORSAR data

(TI analyst decision)

LAT

4G,AN
50.0N
500N
64,2\
50.0N
50.0N
49, 9N
50.0N
47.9N
49, 7N
50.0N
49.8N
49, 7N
49, TN
49,RAN
49.,5M
50, 0N
46.8N
49,9N
49.9N
50.0N
4?2.7N
50.5N

I-3

EVENT PARAMETERS (PRESUMED EXP LOSIONS)

LON

T8.,2F
17.RE
Uil U'S
55.2E
77.7E
T7.6F
T8.1F
T7.9E
4R, 2F
78.1€
T7R,9F

" TR, 2E

78.2F
7R, 0F
T8.1F
48,21
T7. 7€
45,0%
78, 8E
79.1F
TR.2F
78, QF
67.4F
68.4F

AP N N

UV 9 3000V OV UV-~TVUVUOVOUOUVUV OOV I VD

D00 D00 ODOOD0ODIODDUDOOOQ
NN WDIPNN D= o PNVANTD DL

AANATFAANCCAARAAISLSE IOV ADTSEE TN DN NN

COMMENT

NL

ML

NL

|




EVENT
DESTGNAT [ON

TI®/123/00N
TUP/126/04N
CAS/7135/04N
TiUR/143/01IN
TAC/147/00N
NEC/156/10N
TUR/1€1/09N
KAM/166/14N
KIR/ 1667234
KIR/Z170/17N
KUR/150/16N
KUR/191/03N
KUR/191/09N
BLS/7210/719N
KUR/213/G2N
SIN/221/701N
SIN/241/15N
TUR/251/22N
SIR/001/15N
KUR/001/14N
KUR/001/1 3N
GRE/Z/002/09N
SIN/002/10M
KAM/003/706N
WAM/003 /19N
KAM/004/02N
KAM/004/10M
TAL/004/12N
KUR/Q05/702M
AUS/GO5 /704N
TAC/0Q0S/12M
KOM/005/14M
KAM/(CO5/716M
TAT/006/06N
SWR/0Q7/20N
KM/ 009 /03N
KAM/0ONG /14N
KUR/0O0Q /14N
KCM/011/708N
CRF/012/1°N
KAM/012/720N
SITR/013/17N
STR/014/03N
IRA/OL14/272N
KUR/015/00N

NATF

05/02/71
05/06/71
05/15/7]
0%/22/71
N5/27/71
06/05/11
06/10/71
06/15/7)
06/15/7)
06/16/71
07/09/71
07/10/71
07/10/71
07/29/11
0e/01/71
08709/71
00/29/71
09/08/71
0170172
N1 /01772
91/01/72
01/02/7>
01/02/72
01/03/72
01/02/72
01704772
01/04/72
N1/04/177
01/05/72
01/0%/72
01/05/72
01705772
SSWALTAF
01/06/72
01/07/72
01709772
01/09/12
01/06/72
01/11/7?
01/12/72
01/12/72
01/13/72
11/14/172
N1/14/72
N1/15/72

TABLE 1-2
EVENT PARAMETERS (EARTHQU AKES)

(PAGE 1 OF 6)

ORIGCTN
TIME

00.%3.,2°2
06,724,423
04e 2, CH
Cl.02. 54
C0.?C. 27
10.21.2°
0Ge3ls 54
l4.C6,CH
LS VTG el
17.72.,0?
1hatlg15
02.C5.CO
09.Cle%4
17.4C. 10
02.C&e CE
01.0%.16A
15.1€. 56
22.2F, 15
15.C4.1°€
14455, 06
1%.12.54
09,17.52
1077435
06e3€ 43R
ICOZ(‘.“}
Te?2Gal?
1N.42.31
1215417
N?e16410
0457441
1¢.02654
16e2€64F
1heCCeHhD
0Fe?3,.34
20627432
03.22.106
14,0056
14,467,066
NR,8L,7¢4
12,51.2C
20ecCelb
17¢c¢.07
03.2C620
?:’QIC.'}('
9o B

{ AT

2Ce AN
39,0N
Mgl N
37.6N
3R, 3N
37.3N
39,1N
52.9N
41."N
4145N
43,5N
43, 4N
45, QN
396N
50, 4N
421N
16.,5N
4141N
50, TN
50 TN
4G9, 4N
374GN
41,4 AN
51.6N
520N
Sh8e:N
Hhe 6N
-?.2."‘“
43, RN
47.9N
37,.9M
S he &N
576 2N
2R 2N
441N
S444N
557N
45, 1M
844 TA
25, NN
55, 6N
A1, GM
(‘7.:1\!
27,6 9N
4G, AN

{f ON

R4 ¢5F
D@ @
49,1t
2C.1F
9, OF
RN A
2G.6F
160, 8F
TQ,2F
T7Q,2F
147.7F
147.7F
150.5F
30440
156, RF
RA,4F
TR.5F
43.8F
153.8E
=G ClIS
15645%
20.7F
R4,5F
159, 4F
159, 0F
141,27
163,9¢F
122.7F
147.2F
16.2F
Th-eE
169 4F
1£0.5F
173.4F
45.1F
1¢4,4F
163, 6F
149,4¢
1(3002“
CBINEIE
163,QF
167,1F
171.5¢F
46, QF
155, 0F

NEPTH

15

2?3
NNR
NP R

3h
NOR
NOR

&5
NP
NOF

Lk

26
NOR
NOR

20
NP
NOR

33
NOP
NOE

50
NOR

1¢
NOR
NOR
NCR
N R
MNOR
NGR

11
NNR
NOR

a5
NI R
NOF
NOR
NCR
NO K

2f
NPE
NOR
NCR
NR
NCR
NOR

Mo

LI}
b4k
4ok
4ot
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Yoo
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TABLE 1-2
' EVENT PARAMETERS (E ARTHQUAKES)
4 (PAGE 2 OF 6)

l FVENT ER IS Y SNURCT
DES IGNAT [ON NDATE TImr LAY ICN DNFPTH Ve QLT CoMMINT 1
IRA/O1R/21IN 01718777 Pl.12.C2 37,58 4R, 76 NOR 4,2 P RN J

l nNN/020702N DLADGET®  DPNE, DT Ih.EN  JTIE NRT e A
KUR/022/01N N1722772  Nl.41.74 €0,0N 152,00 NFD 4,2 D v !
TUR/022/1 7N QP ITe. 13T 2 ST.mb  2e.eF [T s D

l KAM/O2&/10N N1/25/72  10.02.40 573,58 160,9F NIR &,n D My
FRE/026/12N 01726777  12.56,2C 34,58 26,KF ANMP 4,0 S
KAM/027/20N 01727772  ?20.37.28 B5,7IN 1£2,3F 40 2,4 < Ny
FCS/7028/04N QIIRBITE  CAG2Fs PR 27458 J12€,6E NOB w4 <

l KIR/02R/ 20N QIP2IRITE | 0LPELUS  4%,DN TBR.OE NAR  Ags p AN :
FRS/028/21N V1726772  21.5Co0C 45,0\ 136,08 NNR 4,0 N nif b

. KUR/028/723N 01729777 27,642,501 4G,3N 187,20 NOR 3,0 S :

i IRA/029/09M 0172¢/72  CC.%C.5P 23,0N 62,0F N9 31,9 N
KAM/032/10N J2/01772  10.1€.C0 5S4, 8N 1472,pF KNP 4,1 ¢ ML
KUR/ 033/ 09N 02/07/72 06 58,51 46,3N 14A,4F NOE 2.6 S NL

l KUR/023/17N 02/02/72 17.%€.3C &0,.TN 160.1F MW 1,6 & ML 5
YUN/034/07N BEwERrle OV 248 26N 1TP. 4T NCER O 6B o ]
RAI/D25/03N D2/04772 03,34,556 S1,4N 119,07 NAF 4,2 € 3
ITA/025/09M 02/04/72 0S.1P,32 42,9\ 13,2F 23 4.6 P 1

' 1RA/Z041/09N 02710772 0G.C4.06 25,6\ &0, 9F N°E 2,0 © F
IRA/041/16N OPINBYTE 18,4008 26,608 EN,OE 49 4,0 P
SIN/D42/05N N2/11/712 0O8,5€ 44 2C,aN  T7,4F 923 4,¢ P _:

l« TIR/042/12M AR T2 AP .2Ca4® 26,0M ¢T7,0F MR b, A M
KAM/042/21N 02711772 21e7,17 Sb,1k 162,0F  4a 4 6 e
KR/ 044 /05N N3/713/72 0R,764.57 43,5\ 147,0F NCR 1,0 ¢ My

l GRE/D44/ 13N BRPAEI e 1RTFL RTANR e DF 27 a.E n
KGN/C44 /D 2N 02717772 22.% .54 5%,2N 168,86 NOP 3,0 g
KR/ 04E/ 16N D2/15/77  10.45,22 45,00 183,nF  NOD o, <

. GRE/06T/00N 02710777 00.62.24 26,8 24,27 NOE 4,5 P

l KUR/049/18N 02718712 19,0763 3,68 147,RE 36 4,7  §
SIN/0S1/10N A2/70772  10.22.46 39,68 Q0 KE 16 2,9 ! Aot
KAM/051/20N N2/20772 20.06.11 SO0.AN 11,50 NAP 4,0 !

l KAM/052/ 22N 2721772  22.CCa%Q €4, 4N 1) ,3F  NOE 4,8 Y
YUG/052/ 22N DEP2AITE 23506585 4l 0N 22,37 AR 4.0 ' Y
MON/OS3/01M 02722772 01,42, 4G, 0N 118,08 A7 4, ! "y

l HIN/0S2/08N 02722177  CR, 14,0k B 6N AKE F  NAFP 4,0 Y iy
KUR/054/03N AR AANE (R ehF 4] 430N VAP, R 36 4,0 !
KAM/054 /19N YISTALT? 16 ,37.25 G0N 13 0F NOP 3,7 1 ME A
KUR/055/10M 02726772 10.1€.37 49,88 166,76 NO® 6 N 1

l KURZO55/ 18N 02724772  1R.17.34 4G, 0N 162,07 AOP 3,5 1 LS
KUR/NS6/ 19N D2/25777 1C,8C,20 40,00 1L7,00 AfR 1,0 1 b
WRS/056/22N DRICSATE  F2s MBS 5T.ah  AR[,0r MR 2,7 ] "

l KUR/ 056/ 22N 02/25/T7c  22.62.07 46,28 18,06 NCE 4,0 1
KUR/057/05N N2/2€6277 CR.EF,?22  46,9N 167,6F NOC 4,0 1
KAM/Q57/0SN 02/2¢/72 NC 0t 22 55 5DN ER o ME A T3 ¥ S ]

l ERS/057/ 15N 02726777 1%.CE.47 B3,3h 138,70 ARE 1,9 1 vy My

!
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EVENT
DES IGNATION

YUN/OS5T7/18N
LD1/058/08N
LOM/0S8/1CN
LOM/0S8/11N
LOM/058/ 17N
BA1/058/ 22N
KUR/059/01N
PAK/059/05N
KAM/059/ 11N
AFG/059/ 18N
KAM/ 059/ 20N
IRQ/060/08N
IRA/062/14N
ALM/062/19N
KAM/063/00N
KOM/063/08N
YUG/ 063/ 21N
KUR/063/23N
SIN/064/04N
KAM/ 066/ 06N
KUR/ 066/ 09N
OKH/ 066/ 19N
CHIZ066/ 23N
YUG/067/05N
NKH/068/02N
IRA/068/ 21N
RUL/068/22N
KUR/070/06N
ARC/071/ 06N
KAS/071/13N
KUR/073/02N
AFG/073/05N
TIB/073/18N
TIB/075/06N
KUR/OT7/07N
TAC/077/0SN
IRA/OTT/17N
KAS/077/23N
KAZ/078/07TN
KAM/078/13N
KAM/078/18N
OKH/078/ 19N
CAU/079/03N
KUR/080/14N
SIN/0BO/ 21N

EVENT PARAMETERS (EARTFQUAKES)
(PAGE 3 OF 6)

DATE

02/72¢€/72
02/727/72
02721772
02727772
02727772
02727772
02728772
02/28/72
02/28/72
02728772
02728712
02/29/72
03/02/72
03702772
03/03/72
03/03/72
03703772
037037172
03/04/72
03/0€/72
02/06/172
03/706/72
03/06/72
03/01/72
03/08/72
03/08/72
03708772
03710772
03711772
03/11/72
03713772
03713772
03/712/72
02715772
03717772
03/17/72
03/717/72
02/17/72
03718772
02718772
n3/18/7712
037187712
03719/72
03/720/72
0372cC/12

TABLZE 1-2

NRIGIN
TIME

18.56.,13
08.42.59
10.03,03
11.02.15
17.50.25
22.15.03
01.04,22
Ch.18,5¢
11.35.31
18.12.35
20.C4.,00
08.02,51
14.1C.13
16.57.42
00.39,22
0B.13.55
21.2€6.51
23.10.41
04.00.09
06.05.08
09.56,09
19.13.25
23.17.53
05.21.21
02.38.11
21.45.11
22.04,.02
0t.50.18
06.47.07
13.31.39
02.11.05
05.45.,13
1R.27.07
(6o 00,33
07.45.02
0S.17.11
17.1'.28
23.33.37
07.11.55
13.52.14
18,2¢,37
15.17.25
03.34,31
14.08.12
21.47.55

LAT

27.1N
88. 0N
87.0N
50, ON
86.2N
55.0N
46.0N
36, 7N
560N
36.0N
56.1N
32.8N
31.6N
43,0N
53.0N
55. AN

44,TN

50.2N
40.2N
53.5N
45,0N
56.0N
40.0N
43,0N
51.2N
2T7.6N
40.8N
45.1N
81.0N
35,0N
49.0N
37.0N
34.0N
30.4N
49.0N
40.1N
28.0N
32.0N
47.0N
57.0N
506N
54, ON
42.7N
47.0N
40,0N

I-6

LON DEPTH
100.9F NOR
T4.0nh NNR
53,5k NOR
95.0Ww NNP
T7.2W NOR
93.2F NOR
148.0E NOR
7T1.4E NOR
163, 0F NOR
68.TE NOR
164.2F NOR
46.6F ADR
42.1F NOP
T6.0F NNOR
159.2E NOR
163.9E NOR
1B.4F 32
155.7€ NOR
79.0E NNR
160.9E NOR
150.0F NOR
140.0E NOP
103.06 NOR
21.0F NOR
151.9F NOR
56, 7F 45
22.RF NOR
149.5E NOR
157.0€ NOR
76.0E NOR
158.0F NOR
70.0F NOR
B3.0N0E NOR
84.5F NOR
156.2E NOR
69.TF 26
54,0E NOR
75.0F NOR
Bl.0F NOR
162,0F NOR
156.7E NOP
150.0F NOR
18.1F NOR
154.0F NNR
f0.0F NOR

T
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MBN
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COMMENT

ML

Nt

NL
ML
NL

ML
NL
NL
NL

NL
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ML
NL
NL
NL

NL
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NL
NL
NL

NL
NL

NL
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EVENT
DES IGNAT ION

CKZ/153/01IN
MON/153/11N
SIN/154/05N
SIN/184704N
TST1/154/16N
CHI/154/ 20N
RYU/155/02N
IRA/155/08N
IRA/156/03N
KAM/156/07N
KAM/157/04N
GRE/157/10N
IRA/15T/11N
PAK/157/11IN
NFJ/157/719N
KUR/158/706N
TAI/160/10N
TUR/160/12N
RUR/160/ 16N
TIR/160/23N
CRE/161/07N
PAK/162/11N
KIJ1/163/23N
KU2/7163/723N
KUR/164/00N
IR1/1¢&4/ 12N
IRA/165/00N
KAM/165/704N
CAS/166/00N
TRA/166/04N
IR2/166/12N
GRE/167/00N
KAM/16B/09N
KAM/168/22N
IRA/168/23N
AUS/169/09N
KUR/169/19N
TIR/170/04N
KUR/170/09N
KU27171/7186N
KUR/171/22N
ERS/172/09N
KAS/172/715N
TUR/173/05N
KAM/173/710N

DATE

Ne/o1/72
06/01/77?
06/02/72
06702772
Ne/762/12
0e/C2/7172
06703772
06702/72
0K/704/172
06704772
0£/705/72
0€6/05/72
06/05/72
06705772
06/05/72
06/0(/72
0€/08/772
0ec/CE/72
Ne/08/72
0s/Cc8/72
0&/09/772
06710772
06/711772
06/11/7¢
0¢e/712/7172
0e/12/7172
06713772
0€6/13/772
06/14/72
06/14/772
06/14/772
06/15/72
06/16/172
06/16/72
06/16/1¢
067177172
06/17/7172
0e6/18/72
06718772
06/19/77?
36/16/72
06720772
06/720/72
06721772
06721772

TABLE 1-2
EVENT PARAMETERS (EARTHQUAKES)

(PAGE 4 OF 6)

(P IRTN
TIMF

01.22,26
11.22.15
C5.11.12
Cée2C. 49
16,422
?O.B?. 55
12.16.51
Cr.21.30C
02.37,45
07.52.28
04.12.54
10.44,5¢
11.17.57
11.52.%3
lq.CC.l?
06.32.10
10.17.44
12.4¢€.15
16,CP. CA
23.1C. 12
07.42.20
11.26.11
22.2%7,C4
227.232,44
00.1%.16€
13.34.01
00.5%737
04.52,30
00.66,54
04.324,28
12.35.C5%
0N.32,24
CGe54.41
22612412
23e422.217
0G.C7.4H
16.18,21
04.2C. 47
0G.1Cs54
19.07.53
27e41,42
Cc.18.,09
15.34.37
05.C6,17
10.42,45

LAT

52.0N
44, 0N
43,0N
42 0N
35,0N
2Res4N
22,5N
2GS, 0N
3C.0N
53. 0N
56.2N
37. 7N
34,0N
2G. RN
864 5N
49, 0N
21.0N
41.0N
16.0A
29.5N
2. AN
292N
48, NN
47.0N
44,0N
33.1N
33.1N
55.0N
40.1N
27.0N
3R.3N
564 ON
53« ON
34.0N
48,3N
44, 2N
33.0N
484 0N
43.,PN
4R, ON
52 ,0N
300N
40.2N
54.,CN

1-7

ol

70.0F
103, 0f
P1.0OF
21.0F
924 0F
e, oF
125.5F
53.0F
RQOOF
158, OF
163, 1F
21.4F
464 0OF
70.3F
20, OF
155, 0F
170,2F
44,0F
4, 0F
Q72.3¢
26,5F
h6,5F
152, 0°
152,0F
142, 0F
46.3F
46.3F
1£2.0F
514 9F
A(‘OIF
56, 0F
2027
1A1.0F
157,07
46,0F
14.5¢
149, 1F
R1,0F
154, 0F
151.5F
157,07
121.0F
75.0°
30.0F
141.0F

SR

neoTy

NOR
NOPR
NNPR
nOR
NOFE
ANOR
NOP
NDR
NOR
NCR
NCR
69
NNR
27
NOR
NN F
NAR
NAR
NAOR
64
NOR
AR
NOR
NP
MOR
NOR
27
MNNAR
47
NP
NOR
26
NOR
Nk
NCR
ANOR
hé
NOER
NOR
NOR
NO&
NMR
NOR
NOR
NOR
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EVENTY
PESIGNATICN

TUR/Y 75/04M
GRE/175/07N
YUG/177/06N
HIN/1T77/07N
KAM/LITT/17N
TAT1/178/708M
KAM/1TR/1TN
HIN/178/720M
PAK/179/70&N
HIN/179/15N
YUG/180/01IN
TSI1/71R0/0%N
KNP/ 180/06N
CYP/180/08N
UAR/1KO/ 09V
KAM/1RQ/ 14N
CK7/121/700N
AFG/181/703N
TAI/Z182/18N
IRA/1E2/720M
KPM/163/702%
IRA/1°4/12N
IRA/1B&/]6N
IRA/185/02M
KAM/1R6/13M
KUR/1RE/21IN
SIN/18T/04N
IRA/18B7/16N
KUR/193/0€N
KUYR/137/17N
TIR/198/02N
TUR/19R/02?N
TIR/158/03N
TAL/198/713N
MED/19G/03N
KAM/10Q/708M
KAM/199/11N
MFC/199/16M
KAM/199/2°0N
GRF/200/13N
SZF/203/716N
TIR/7204/16MN
TIR/204/21N
MER/2D5/ 18N
TIP/208/23N

NATE

A6/22/72
OVar723/772
Dar2s5/1?
NE/257T2
04/?5/1?
N&/2F/12
0r/2£/7772
I65/26/72
06/27/172
NA/12T7/4T°
N6/28/12
06/2R/72
N6/128/77
NK/ZR/TD
As /27412
N6/22/12
06/2S/172
Nn/2c/72
n6/30/12
06/20/72
07/91/12
n7/02/17°
N7/02712
NT/7047712
N7/704/772
Q7/04/77
07/0%/72
Q1/08/7712
071/11/772
Q1/718/712
0T/1€/77
07/716/72
NT/16/72
07/16/772
07/17/772
07/17772
nNvr/11/712
0T1/17/712
Qr/171/12
Q17127712
01/21/7712
N7/227712
071/22/17°2
07/722/1?
nr/23/12

TABLE 1-2
EVENT PARAMETERS (EARTHQUAKES)

{PAGE 5 OF 6)

NRTICIN
TIME

Che?%e27
C7.1Fs14
O"‘.Sr‘.l:,
NT7.55. 4%
1572 B e

CA.CF .25
‘.’..:?..‘?
2045, 03
0Re3C, 46
18,5¢, %%
01426 5F
CrlaCCaRG
CheCCe?2?
(SIS
OG'QIOCOB'J
1/..'-'[1.(.("
Cle#%1.C2
Cle32.,11
13,557,432
206?433
02.1C. 1R
12.5FC7
14.CFe (6
07%2.1C. 0C
12,5216
?71.467.57
N6 4CG,46G
1Ae2Ce77
D6eHka21
17.2%.37
N2e2C.26
N2etE,27
03.4C.,CC
1747652
C3.14.05%
CRe2EBR2?
11.11.46
PESRIEEF2lR
2Ne8Ca 56
1”."5.4“
1£.11.37
1Fa4].08
21.CC CT
1917.725
:?".“1.:‘-‘

LAT

414NN
37.0M
44,00
2l G5 2l
S4,0t
21 1M
S6he N
3E,0M
gc. 7b'
Ahe N
412,0N
23,NN
565, 0ON
281, GIN
2T46M
£2,0AN
54 ¢ OM
1], aN
24,30
3C. NN
S4 o TN
30.1N
20, 0N
A0, 1N
55¢ DN
49,0M
4%, 6N
21.0N
4R, 4 N
46, 0N
360N
22 EN
21.0N
34,0N
55,0N
$7.C0N
15, 0N
5%.1MN
41 46N
29, 8N
31.4N
21.4N
2N
271. 00

I-8

LN

“Hoho I
216 0F
)5 T
G AT
1£C.0F
1‘)0.1‘;
158, OF
~G,0F
Te2E
£C,8F
20.5E
Gl.0F
164, 0F
22,0F
F2NEE
141,0%
6H9,0F
T1l.4F
121.1F
53 ,NF
‘.. b Ol"
506 RF
5Ne RT
Sl e AlE
12,01
151, OF
AT, nr
52.0F
1Rh4,5F
149,0F
g8, OF
ha g OF
= HINBICE
122.0F
10, 0%
156, 6F
1A2.0°
2R 05
15G,&6F
23, 8¢
102, 3F
al.5¢
q] .I‘F
DL JCF
91 .0F

NEDTH

Mk
AP
AR
IS
NOF
N E
NEP
NP
e
[ |
NOE
N
NOR
NNP
15
NOR
ANNR
513
NOR
NOR
N
31
23
3
NP R
NOIP
NP
NCF
62
NOR
NGR
NOF
nNOR
K:f\D
NI
Nl
NOE
NQOR
NOD
NFR
NAR
N R
NOR
(YTal
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l EVENT
DES TGNAT ION DATE

: TUR/206/10N 07/24/72

l KAM/206/13N 07/24/12
KUR/209/00N 07/721/72
RYUZ209/16N 07/7271/12

i AFG/211/1TN  07/29/72
KUR/211/21N 077297172
KAM/213/06N 07/31/12

i IRA/213/21N 07/31/12

ABBREVIATIONS
i
: P

TABLE I-2
EVENT PARAMETERS (EARTHQUAKES)

(PAGE 6 OF 6)

ORIGIN
TIME

10.22.05
13.06.26
C0.20.55
16.41.24
17.10. 35
21.07.16
06.4C. 28
21.C1.25%

: Reported by PDE
: Reported by ISM
: Reported by SDAC/ LASA

: Reported by NTNF/NORSAR

: No short period signal detected on NORSAR data
(TI analyst decision)

LAT

36.0N
58.0N
50.0N
24,0N
32.0N
49,0N
56.2N
21NN

LON

42,0F
162.0F
159,1F
132.0F
68, 0F
156,0E

162, 9E
£ ,0F

NEPTH

NOR
NOR
NOR
NOR
NOR
NOR
NOR
NDR

MA

NPhDwaAMS P
2 o & 6 o & o @

PN D e DWW

No long period signal detected on NCRS AR data
(TI analyst decision)

: Bodywave magnitude is based on NORSAR data

Normal depth - means that focal depth has been restricted
at 33 km; i, e. there is not sufficient evidence (such as depth
phases) to provide a specific depth estimate.
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The PDE listings (Preliminary Determination of Epicenters)
issued by the National Oceanic and Atmospheric Administra-

tion (NOAA)

The LASA seismic bulletin issued by the Seismic Data Analysis
Center (SDAC)

The NORSAR seismic bulletin compiled at Kjeller, 'orway

The bulletin from the International Seismic Month (ISM), which
covers February 20 to March 19, 1972, and has been compiled

at Lincoln Laboratories.

In all cases where an event was repcrted by more than organi-
zation, we selected our source information according to the priority list: ISM,
PDE, LASA, NORSAR. As can be seen from Figure I-2, most events of m,
above 4.5 have been reported by PDE, while LASA and NORSAR cupply the

detection information for most low magnitude events.

Figure I-3 is a histogram showing the distribution of processed
events as a function of epicentral distance from NORSAR, and indicating which
events are presumed explosions. It is seen that almost all our presumed ex-
plosions occur at a distance of about 38 degrees, this corresponds to the
Eastern Kazakh region in the Soviet Union. With respect to close-in pre-
sumed explosions from Western Russia, the number of events included in this
report is much lower than the corresponding number for our SP evaluation.
The reason for not processing more of these events is mainly the occurrence
of amplitude clipping for these large signals, which has made any measure-

ment of surface-wave magnitudes impossible in many cases.

The earthquake population in our data base may conveniently

be divided into three regions where the majority of events are located:
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. The Mediterranean area (Distance 15-30 degrees). Approxi-

mately 30 events from this region have been processed.

° Iran and Central Asia (Distance 35-50 degrees). ‘The number

of events is approximately 70.

. Kamchatka and the Kuriles Islands (Distance 60-70 degrees).
Approximately 100 events from this region are included in our

data base.

A total of nine discriminants have been evaluated in this report.
Five of these are based on short period data only; the remaining four combine
short and long period information, The discriminants are briefly described

as follows:
1. P20 Mean Square

This discriminant, which is a measure of event complexity, is
computed by crosscorrelating 4 seconds of the waveform (beginning a few points
before P-wave onset) with the next 30 seconds of the waveform and with the
noise preceding the signal. A mean square, weighted by the lag, is then com-
puted from the correlations over both 30 seconds of the noise and 30 seconds
of the signal. The ncise mean square is subtracted from the signal mean square

to obtain the discriminant used (Texas Instruments Incorporated, 1971).
2 Autocorrelation Mean Square

This discriminant is also a measure of complexity., The auto-
correlations of a 30-second noise gate and of a 30-second signal gate are com-
puted and a weighted mean square then derived from these correlations for the
noise and signal, The discriminant is derived from the signal mean square

minus the noise mean.
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Envelope Difference

This discriminant is also derived from the P30 correlation by
computing the mean-square difference between the envelope correlation and a
fixed decaying exponential, the decay rate of which is the average rate for an
ensemble of 16 explosions recorded at LASA. As with the first two statistics,

envelope difference is a measure of complexi‘y.
4, Dominant Period

This discriminant is computed by finding the cycle in the wave-

form with the maximum absolute amplitude; the dominant period is the duration
of this cycle in seconds. This parameter can be estimated with some confidence,

even for events with a relatively low signal-to-noise ratio, The dominant period

discriminant is a rough measure of spectral energy distribution.
B, Spectral Ratio

This discriminant is derived from the signal power spectrum
over a gate beginning just before the signal arrival., The power spectrum is
smoothed over three frequency points, and the power in three bands is com-
puted; Band 1: 0 - 0,55 Hz; Band 2: 0.55 - 1.5 Hz; Band 3: 1.5 - 5, 0 Hz.
These bands have been selected based on NORSAR data. Spectral ratios com-

puted were Band 3 to Band 2 and Band 3 to Band 1, respectively.

6. MS (Rayleigh) - m, Discriminant

This discriminant compares the magnitude of the Rayleigh
wave signal measured at NORSAR to the reported bodywave magnitude of each

event, The detailed procedure of measuring Ms is described in Special Re-

port No. 12 (1973).
(1 M (Love) - m Discriminant
s

This discriminant compares the magnitude of the Love wave

signal measured at NORSAR to the reported bodywave magnitude of each event.
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8, AR/mb Discriminant

The AR vaiue is a measure of the Rayleigh wave energy of an
event (Brune, Espinosa and Oliver (1963); Evernden (1969)). Our AR values

have been normalized to a bodywave magnitude of 5. 0 as described in Special

Report No. 12 (1973).

9. AL/mb Discriminant

The AL values are computed by the same method as described

tor AR, except that in this cuse, measurements are taken of the Love wave

energy.

All the nine discriminants defined above are two-dimensional,
in the sense that discriminant values are plotted against bodywave magnituces
(mb) in order to obtain a good separatior. between earthquakes and presumed

explosions. It is thus important to obtain an m _ estimate which is as reliable

b
as possible for each event., We have chosen to use the Lo value yuoted in the
source bulletin (PDE, ISM, LASA, NORSAR) in almost all -ases; the only ex-
ception is events for which the PDE m, has been based upon near-field stations

only. In those cases, we have used the NORSAR m, values,

The first five discriminants defined above were applied to all
events with SP detections at NORSAR; similarly, the last four were evaluated
for all LP detections. Table I-3 summarizes the number of detected events;
it is seen that about 90 percent of all reference events were detected on SP
data, while about 70 percent had LP detections (Rayleigh waves, Love waves

or both). The NORSAR LP detection capability is actually somewhat lower

than these numbers indicate, since "mixed" events (i. e., events for which the
LP signals have been buried in signals from a stronger event) were not includ-

ed in our data base. It wzs found in Special Report No. 12 (1973) that about

20 percent of the events originally selected for that report were of this type, i
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DETECTION PERFORMANCE OF THE NORSAR SP AND LP
ARRAYS FOR THE REFERENCE EVENT SET

TABLE I-3

Earthquakes Presumed Explosions

Number of reference

events 233 24
Number of events

detected on SP 208 (89%) 24 (100%)
Number of events

detected on LP 164 (70%) 20 ( 83%) -
Number of events detected

on both SP and LP 160 (68%) 20 ( 83%)
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SECTION 11
NORSAR DISCRIMINATION RESULTS

A, INTRGWIUCTION

This section presents the results achieved by applying the nine
discriminants defined in Section I to NORSAR data, The performance of each
individual criterion is described in Subsection II-B, while combined criteria

are evaluated in Subsection II-C,

A method for measuring the separation achieved by single or
multiple discriminants -vas introduced in Special Report No. 11, 1973, and
will also be applied here. Basically, the method consists of finding the best
linear separation between two point sets in a plane, in the following way

(Figure II-1):

¥, For any given straight line, the distances from the line are
computed for all points cerresponding to events in the earthquake and pre-

sumed explosion populations.

2. The two sets of real numbers thus obtained are considered as
sampled from two Gaussian populations; ore N(ul, Ol) (earthquakes) and one

N( uz, 02) (presumed explosions).

3. The straight line that gives two Gaussian populations with the
best separation is chosen and the measure of separation is defined as the

corresponding probability of correct classification.

There is no unique method of computing the separation of two

Gaussian distributions with unequal variances. We chose under 3. above to

measure the separation by computing the worst case probability of
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ILLUSTRATION OF A METHOD TO MEASURE THE SEPARATION
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misclassification, applying the well-known minimax principle (van Trees,
1968). The minimax separation threshold between the two populations is

given as

B.O. +K O
T=2112

0'1 +O‘2

and the associated probability of error is

o, +0

|#1 -#2|
P(miss) = P(false alarm) = ® | - ——————
1 2

where @ is the standard cumulative Gaussian distribution function.

Thus it is seen that for the above threshold T , the condition-
al probabilities of correctly identi{fying an earthquake and correctly identify-
ing a presumed explosion are identical, and therefore provide a well-defined

measure of the separation of the two populations.

The method of measuring separation described above may be
easily adapted to multivariate discriminants. In fact, since the method re-
duces a two-dimensional discriminant to two sets of real numbers, it can be
applied successively to reduce any given array of discriminant values to the

one-dimensional case.

B, PERFORMANCE OF INDIVIDUAL DISCRIMINANTS

Individual discriminant values for each of the discriminants
defined in Section I are plotted as a function of bodywave magnitude in Figures
II-2 through II-11, Earthquakes are represented by a cross, while presumed
explosions are indicated by an asterisk. All short period discriminants have

been evaluated on the adjusted-delay array beam. The complete set of dis-

criminant values corresponding to these plots are listed in Appendix A,

The "best separation line' as defined in Subsection II-A be-

tween the earthquake and presumed explosion populations has been drawn for

II-3
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each discriminant plot. Note that this line has been found on the basis of all
events with m, > 4.4 ; this is because all our presumed explosions are of at
least this magnitude. For the AR and AL discriminants (Figures II-10 and

1I-11), the separation line has been restricted to be parallell with the m,
axis, since these two discriminants are already normalized with respect to

bodywave magnitude.

For each discriminant, the distance from the best separation
line is a measure of how well this discriminant has been able to classify a
given event. These distances are listed in Tables II-1 and II-2 for presumed
explosions and earthquakes, respectively. In order to make the numbers com-
patible between discriminants, all distances were normalized by dividing by
the standard deviation in the respective earthquake population. A positive
distance means that the event lies on the ''correct' side of the separation line,
while a negative distance indicates misclassification. Figure II-12 illustrates
how this distance relates to the probability distribution of the earthquake popu-
lation, which is assumed to be Gaussian (ul, (71). In fact, the probability of

an earthquake exceeding the distance D from the separation threshold is

D +N1
P(exceed D) = 1 - Cb(
)

where @ is the standard cumulative Gaussian distribution function.

It is seen from the discriminant plots and confirmed by Tables
II-1 and II-2 that the four combined SP-LP discriminants achieve essentially
complete separation between the earthquake and presumed explosion popula-
tions. In contrast, the short period discriminants do not perform nearly as
well, and all of them misclassify several earthquakes and several presumed

explosions,
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TABLE I1I-2

PERFORMANCE OF INDIVIDUAL DISCRIMINANTS FOR EARTHQUAKES OF m

NUMBERS REPRESENT NORMALIZED DISTANCE FROM SEPARATION L1l

NEGATIVE SIGN INDICATES MISCLASSIFIC ATION

(PAGE 1 OF 4)
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TABLE 11-2

PERFORMANCE OF INDIVIDUAL DISCRIMINANTS FOR EARTHQUAKES OF m 2 4.4

NUMBERS REPRESENT NORMALIZED DISTANCE FROM SEPARATION LI

NEGATIVE SIGN INDICATES MISC LASSIFICATION

(PAGE 3 OF 4)
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Among the presumed explosions, the following events were

found to be difficuli to classify properly:

KAZ/356/06N; m, = 6.0, Ms(Rayleigh) =4,5, Ms(Love) £.3548

Distance = 25 degrees

This presumed explosion from Western Kazakh had an
unusually strong Rayleigh wave signal, and was a borderline
decision for the two discriminants based on Rayleigh waves.
Long and short period signal traces for this event are shown
in Figures II-13 and II-14, respectively. The Love wave dis-

criminants and the SP criteria worked well for this event.

WKZ/233/02N; m, = 50 16 Ms(Rayleigh) =3.1, Ms(Love) =2.8

Distance = 24 degrees

This presumed explosion had an epicenter very close to
that of the event discussed above, KAZ/356/06N; the location
difference being only akout two degrves. Long and short per-
iod signal traces for WKZ/233/02N are displayed in Figures
II-15 and II-16, There are marked differences between this
event and KAZ/356/06N, in particular with respect to the rela-
tive amplitudec of the Love and Rayleigh waves. Also, when
comparing the short period signal traces for the two events, it
appears that WKZ/233/02N has less high frequency energy and
also has a less impulsive signal onset than KAZ/356/06N. In
fact, all the short period discriminants fail to classify
WKZ/233/ 02N properly, while all four SP-LP criteria worked

well for this event,

EK1/345/04N; m, = 5.7, MS(Rayleigh) =4,0, Ms(Love) =4,2

Distance = 38 degrees

This presumed explosion was misclassificd by four dis-

criminants. The obvious reason for these problems is a second

II-21
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presumed explosion from approximately the same location

occurring just a few seconds later, with an amplitude about
twice as large (Figure II-17), This of course distorts the
complexity criteria (except for the autocorrelation) and also

affects the Ms-m relationships, However, the SP discrimin-

b
ents based on spectral content were able to classify this event

properly.

EKZ/277/01IN; m, = 5.3, MS(Rayleigh) = 3,5, Distance = 38

b
degrees

This presumed explosion was misclassified by three
short period discriminants. Figure II-18 is a plot of the SP
signal traces for this event. There is noticeably less high

frequency energy in this signal than has been observed for

other Eastern Kazakh events, e.g., EK1/345/04N, Figure II-17,

URA/191/16N, m

mb= 4.9

b

No surface wave was detected at NORSAR for any of these
three presumed explosions. However, the SP discriminants

were able to place all three events in the proper category.
EKZ/188/01N; m, = 4.4

This presumed explosion was misclassified by all SP dis-
criminants. Surface waves were not detected for this event. It
is thought that our SP criteria are not very effective for tele-

seismic events of a magnitude this low.

With respect to earthquakes, we proceed to briefly discuss

those ahove m = 4.4 which failed to be classified properly by the four com-

bined SP-LP discriminants.

= 5,3; EKZ/246/08N, m, = 5.1; EKZ/349/07TN
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timates appear to be a major obstacle in obtaining a satisfactory Ms- m

aration for NORSAR data,

SIN/241/15N; | = 5.0

Surface waves were not detected for this event. The
event was misclassified by two of the six SP discriminants.
The PDE m estimate of 5. 0 for this event was based on just
one station, and may be too high, The NORSAR m, value for

b
the event was 4, 0,

KAM/025/10N; m, = 4,6 ; KAM/004/10N, m, = 4.4

These two events also had no surface wave detection at
NORSAR. However, they were properly classified by the SP

discriminants.
YUG/180/01N, m, = 4. 6; Ms(Rayleigh) =2.6, MS(Love) = 3,1

This event was misclassified by the MS(Rayleigh)-mb
discriruinant. We feel that this is because the m, value re-
ported by PDE may have been too high for this event. Our
value of 4. 6 is the average of the four teleseismic PDE stations
that reported a magnitude. These four m, values were 4.0,
4.0, 4.1, and 6.1, respectively, LASA reported m, = 4.0 for
this event, and the NORSAR m _value computed by Texas In-

b

struments was 3,5. A value of m around 4, 0 would imply

correct classification of this event by all discriminants.

It should in this context be noted that we have had several simi-

lar classification problems with events for which the PDE m. value apparently

b

has been too high, mainly because near regional stations have been used for the

PDE determination (Special Report No. 12, 1973). In fact, unreliable mb es-

b S€P-

Table 1I-3 lists the computed probability of correct classifica-

tion for each individual discrimirnant based on all events of m, 24,4, The
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method described in the preceding subsection was used in this computation.,
For the purpose of comparing the individual discriminants, we also included
in Table II-3 the probabilities of correct classification based upon only those
events for which all nine discriminants had been evaluated. The following

main points summarize the performance of the various discriminants:

° The four combined SP-LP criteria produce a much better sep-

aration between earthquakes and presumed explosions than the '

short period criteria.

° Probabilities of correct classification are 98-99 percent for

the four SP-LP discriminants, while being around 90 percent

for SP discriminants.

° The Love wave discriminants appear to give slightly better sep-
aration than the Rayleigh wave discriminants for the common

event set, although the difference is only marginal,

° Of the SP discriminants, the ones based on complexity give the

best separation. However, the presumed explosion population

is heavily weighted toward Eastern Kazakh events (distance =

38 degrees), and results from Special Report No. 11 (1973)

SO ol

show that spectral discriminants in general are more effective

when more close-in presumed explosions are included.

An important consideration when evaluating these discriminants 3
is of course how often they can be applied. It appears that surface waves for

Eurasian presumed explosions cannot in general be detected at NORSAR for

events of m less than 5. 0. Also, it seems to be possible to detect Rayleigh
waves more often than Love waves, especially for presumed explosi:)ns. We

have not tried to use the absence of visible surface waves as ''negative evidence!'

of a presumed explosion, although this is certainly a way to extend the useful-

ness of the combined SP-1LP discriminants,

I1-31
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In contrast to the above situation, short period discriminants

may be applied at considerably lower magnitudes than those criteria that in-
volve surface waves. However, our limited data indicate that SP discrimin-
ants do not perform very well for events of bodywave magnitude significantly

below 5. 0 (Special Report No. 11, 1973).

C. PERFORMANCE OF MULTIPLE DISCRIMINANTS

In order to evaluate what improvements may be expected from
applying multiple discriminants, it is important to know their interdependence.
Obviously, the more independent two discriminants are, the more improve-

ment can be achieved by combining the two.

Table II-4 presents the results obtained by correlating discri-
minant values for the earthquakes of m, at least 4.4 in the data base. The
discriminant values from Table II-2 were used for this computation in order
to minimize bias caused by m dependent discriminants. It was decided that
the presumed explosion population (12 events) was too small to give any mean-
ingful correlation estimates for this class of events., Although it should be
stressed that Table 1I-4 only is intended to give a general idea of the relation-

ship between discriminants, the following points may be made:

° Correlation is high (0.5 to 0.9) within each of the three subclasses

- SP criteria based on complexity
- SP criteria based on spectral contents

- Combined SP-LP criteria

° Correlation is fairly high (0.3 to 0. 7) across the two classes of

SP criteria

° Correlation is low (0 - 0, 5) between SP discriminants and com-

bined SP-LP discriminants. However, there does appear to be

a consistently positive correlation even in this case.
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It was indicated in Subsection II-A how the performance of two
combined discriminants could be measured. Table II-5 presents the results
achieved by combining the MS(Rayleigh)- m, discriminant with each of the
other criteria. The table shows that the probability of correct identification
typically improves from about 0, 98 to about 0, 99. Again, in view of the

limited common event set (only 12 presumed explosions) these numbers must

be interpreted merely as an indication of the expected improvements.

It would be desirable to present plots of combined discriminants
in order to get a visual indication of the improvements achieved. However,
this is oot a straightforward task; for example, a plot of Spectral Ratio versus
MS would procuce severe overlap between the presumed explosion and earth-

quake populations. This is because both discriminants are inherently depen-

dent upon m ., and will not produce good separation if m, is ignored. A better

result is achieved using the AL and AR discriminants, which have already

been normalized with respect to m Figures II-19 through II-22 present

b.
combinations of these two discriminants and two SP criteria (Log P30 and

Spectral Ratio).

These plots are somewhat inconclusive with respect to the po-
tential of combined discriminants, since they do not demonstrate any definite
improvement in separation compared to the individual plots for AR/mb and
AL/mb (Figures II-4 and II-5), It appears that the main contribution from
SP discriminants would be to give evidence to corroberate indications of
earthquake or presumed explosion already provided by the SP-LP criteria.

In addition, of course, the SP discriminants are valuable in those cases when

surface waves cannot be detected.
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TABLE II-5

PROBABILITIES OF CORRECT IDENTIFICATION (SHALLOW EARTHQUAKE
VERSUS PRESUMED EXPLOSION) FOR DISCRIMINANTS COMBINED
WITH M_(RAYLEIGH) - m

e e e e S}

Individual Combined with
Discriminant Discriminant MS(Rayleigh)- m
1| Log P30 0. 92 0. 985
2| Log Autocorrelation 0.92 0.99 ;
3| Log Envelope Difference 0.93 0. 985
4 | Dominant Period 0. 85 0. 99
5| Spectral Ratio 3/1 0. 92 0.99
6 | Spectral Ratio 3/2 0. 90 0.99
7 MS(Rayleigh) -m 0. 98 0.98
8 Ms(Love) -my 0. 99 0.99 A
9 AR/mb 0. 985 0. 985
10 AL/mb 0.99 0.99
11-35
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SECTION III
SUMMARY AND CONCLUSIONS

The capability of the short and long period Norwegian Seismic
Array (NORSAR) to discriminate between Eurasian earthquakes and presumed
explosions has been evaluated. The total data base consists of 257 events, 24
of which are presumed explosions., All of the earthquakes are either shallow
or of unknown depth, The majority of the presumed explosions /!9) occurred
in Eastern Kazakh, at a distance from NORSAR of 38 degrees. Bodywave
magnitudes for the events in the data base ranged from 5,6 to 2, 7 for the

earthquakes and from 6. 3 to 4,4 for the presumed explosions.

A total of nine standard discriminants have been analyzed. Four
of these are combined SP-LP criteria, which compare Love or Rayleigh wave
energy recorded at NORSAR to bodywave magnitude., Three are SP discrimi-
nants based on waveform complexity while the remaining two measure the SP

spectral energy distribution,

The major results from this study can be summarized as

follows:

o All of the 24 presumed explosions and approximately 90 percent
of the earthquakes in the data base were detected on NORSAR
Short Period data.

° Twenty of the 24 presumed explosions and approximately 70
percent of the earthquakes in the data base were detected on
NORSAR Long Period data,

° Rayleigh waves were detected more often than Love waves for

B R S R S
s il i

the presumed explosions (20 detections as compared to 14), For
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the earthquake population, the detectability of Rayleigh waves

was only slightly better than that of Love waves.

Each of the four discriminants based on surface wave measure-
ments gave markedly better separation between earthquakes

and presumed explosions than any of the short period criteria.

All of the four combined SP-LP discriminants produced close
to complete separation for our event set. The Ms(Love)- m,
discriminant appeared to give a more distinct separation than
MS(Rayleigh)-mb, although the latter one could be applied to
more events. The AR/mb and AL/mb discriminants performed
about equally well on the common event set.

Of the short period discriminants, complexity criteria worked
slightly better than the spectral ones. However, it appears

that the spectral discriminants perform relatively better for

close-in presumed explosions.

The combined SP-LP discriminants were not able to give posi-
tive identification for events of mb = 5, 0 and lower, since sur-
face waves could not in general be detected at NORSAR for
presumed explosions in this magnitude range. However, if
"negative evidence'' (i. e., the absence of detectable surface
waves) is accepted as a way to identify a presumed explosion,
the NORSAR SP-LP discriminants appear to be effective down
to approximately m, = 4,5, This is because surface w.ves are
detected for virtually all Eurasian earthquakes above this mag-

nitude.

The short period discriminants worked relatively well for events
of mb close to 5.0. However, based on our limited presumed

explosion data, indications are that our SP discriminants

I11-2
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cannot be expected to operate well at m significantly below

5.0 at teleseismic distances,

o Correlation is high between discriminants within each of the
three subclasses (combined SP-LP, SP complexity, SP spectral
content), However, the combined SP-LP criteria are only
slightly correlated with the SP discriminants, thus indicating

that some improvement may result from multivariate criteria.

o Detailed analysis of some ''difficult' events indicates that there
are cases where SP discriminants work better than one of the
four combined SP-LP criteria, However, in view of the high
false alarm rate (close to 10 percent) for our SP discriminants,
it appears that decisions (earthquake versus presumed explosion)
based on SP information alone will generally have a substantial
probability of error. The main benefit of the standard SP dis-

criminants thus appears to be to provide corroborative evidence

to the SP-LP criteria.

|
|

o Since all the discriminants studied in this report are m depen-

b
dent, it is essential to have a precise estimate of this parameter.

It appeared that in some cases where we misclassified an earth-

quake the main problem was an unreliable m, estimate.

41 It is important to remember that these conclusions are based
on the performance of a single array at teleseismic distances; they are not
necessarily applicable to network discrimination performance or to first-zone

(A <15°) discrimination capability.
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APPENDIX A
DISCRIMINATION STATISTICS

Tables A-1 and A-2 list the discriminant values computed for
each event in the data base for this report. These values are identical to those
used for the plots of individual discriminants in Figures II-2 through II-11,
Events are ordered from high to low bodywave magnitude, Discriminant values

are listed in the following order:

o
.

Ms(Rayleigh wave)
Ms(Love wave)

Log AR (Rayleigh wave energy)

log AL (Love wave energy)
Log P30 Mean Square

Log Autocorrelation Mean Square

Log Envelope Difference

-

Dominant Period (Seconds)

Spectral Ratio (1.5 - 5)/(0 - 0.55)Hz (Band 3/Bandl) in dB
Spectral Ratio (1.5 - 5)/(0.55 - 1. 5)Hz (Band 3/ Band 2) in dB i

©Q W ©® N o0 oA WV

fa—

For those events that had no detection of Rayleigh waves, Love :
waves or short period P-waves, the corresponding discriminant values have
not been computed. Also, in some cases the occurrence of data spikes made
it impossible to apply one or mnre long period discriminants, Finally, it
should be noted that Ms(Love) was not computed for any of the 18 earthquakes
from 1971,
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