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,['FIED ESTIMATION OF SEISMIC MOMENT FROM
SEISMOGRAMS: IANJAPPLICATION FOR GREECE AND
. ADJACENT AREAS.
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ABSTRACT

The estimation of the seismic moment of regional and
7al earthquakes from the readings of Wood-Anderson type
ograph is attempted by deriving an empirical formula
cting the seismic moment with quantities used in routine
litude calculations. This technique proposed by B.BOLT and
[ERRAIZ (1983), simplified the wusually laborious work
)lved in such estimation and can be used in daily routine
)servatory work. The proposed relation is of the type:

logMo = a + blog(CxDxaP)

ere C is the maximum peak-to-peak amplitude read on a

Anderson seismogram, D is the duration between the S
the onset with amplitude C/d, A is epicentral
ance, and a,b,p and d constants.

Least square fits were made to data from 66
god-Anderson records of 33 local and regional earthguakes
4 Greece and adjacent areas, The seismic moments of these
was already evaluated independently from spectal
The values p=1.8, d=3 proved appropriate and
ibsequent regression yielded.

logMo = (16,82%0.41)+(1.04+0.05) log(CxDxa'"?)

here Mo is dyne-cm, C in millimeters, D in seconds and 4 in
The correlation coefficient is r=0.93. The high

coefficient found (0.93) coupled with
ignificantly less scatter of the data indicate that this
lation is preferable compared with similar one connected
ie same parameters with the ML magnitude.

ZYNOYH

EnLbLoretatr n eEaywy’) evog EUNELELHOU TUMOL TOU OUVSEEL
unoAoyLopd TNg OeLouluig pomfg UE OTOLXElQ@ ou
OLNoOTOLOUVTAL OTOV UMOAOYLOLS TOU HEYEJOUEC YELTOVLMHWY HaL
ONLHWY TELONGV and EYYPAgég Tou CeLouoypdgou Wood-Anderson
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oty KadnUEPLVH) avdAuon. ALTH T TEXVLHY TOU TPOTAS
ToUg T wBOLY —uav, HEKRALZ.(1983) —aniomnoLel TNV  TOAUR
SvadunaciaMow damaLtelTaL, yita TETOLOUG uLNOAOoyLONOUG §
UMOPE L Vo SYpNoL ponoun 9E ( othvs wadnueEpLVh TPAHTLHI .
PGTELVOREVN OXEon elvalL Tou TUNOUL:

TogMo = a + blog(CxDxap)

Gmow ' C' eLval To unéylLeTo nAdTog Tnc avaypagrnc TOU CELOUOYP
Wood-Anderson, D elvalL n  SLdprela UETAEL Tng EL0OE0L TWV
KUPATWY HAL TOL ONUELOL Onou To MAdToC YLveTtar C/d, A eival |
ETILHEVTPLUY andotoon, HaL a,b,p HaL d oTadep

EpapudoTnie n  uédodog twv €elaxloTwyv TETpayLvwyv O
Selyua 66 eyypagpdv Tou CeLouoypdyou Wood-Anderson tou otad
Adnvav  mou agopolv 33 TomLuoUL MHOL YELTOVLHOUS OELOUOUG
EAANVLHOU xwpou, OL CELOULHES POMEC AUTMV TwV YEYOVOTWV EL
UTICADYLOTEL aveEdpTtnTta pe @oopatiun avdivon. oL TL
p=1,8, d=3 anobelxdnnav oL TAEOV HATAAANAEC MAL N TEALHY OXEC
SLApopPOANUE OE y

logMo = (16.82+0.41)+(1.04+0.05) log(CxDxa'"?)

onou Mo oe dyn-cm, C gt XtALooTd TOL METpOL, D
SEUTEPOAETTA HAL A O XLALSUETPa. O CUVTEAECTHAC CULOXETL
etvar 0.93. O ulnAdg ouvvteAeotniic ocuoxéTLong mnouv Bpédn
OUVSUACUEVOC HE TN ONUEAVTILKY) ALywTepn SiLaonopd Twv Scbdoué
Gelyver OtTL auth n  oxXéon elvaL nNEoTLUETEPN and
MapdIUOLEE oL guvBéouv TN  CTELORLHY ponn pe To Tomuud uéye

INTRODUCTION

In modern seismology there is a need for
estimation of seismic moments Mo among the other Ci
parameters of earthquakes. One way to fulfil this need i
the Seismographic Station to provide such information B
computing moments directly from local magnitudes. There are
however, objections based on theoretical reasons, for 1
efficiency of the correlation between seismic moment
maximum Wodd-Anderson amplitude alone. In many cases,
example, there is a need to consider the duration of
largest seismic wave pulses. _

Although the number of the observatories which hav
digital computing facilities is increasing, the estimation'f
the seismic moment for regional seismicity based on spectra
characteristics is not a daily practice. There is still i
need for a procedure that allows the estimation of
seismic moment Mo directly and quickly from traditio
records. BOLT and HERRAIZ (1983) demonstrated that, in
process of calculating Richter magnitudes, the addition
the usual maximum amplitude determination from Wood-Ande
seismograms of a further simple measurement that is a meas
of wave duration, provieds a generally reliable estimation of
the seismic moment,
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.~ THE' ESTIMATION PROCEDURE

-BOROK" (1960) “derived; ‘thel [following analytical
for 'seismic moment | Mo

Afo

A agse

(1)

€. u is rigidity, B the shear wave velocity, R3¢ depends
the source radiation pattern, A is _the distance from the

woand. Qois affected by the particular selection
erion used and routine measurement procedures. Also R3g
ften assumed to be unity, because it is not usual or even
ible to determine focal mechanisms for every local

an approximation to the ARo term, BOLT and
Z (1983) proposed the theoretical quantity

v = cxDxaP (2)

e C is the maximum peak-to-peak amplitude, D is the
tion of the phase and AP is epicentral distance raised to

! There is an inherent subjectivity in the measurement of
¢ duration D of seismic events. In order to avoid this

lem BOLT and HERRAIZ, suggested that suitable duration D
d be defined as the time between the S onset and the
int having an amplitude ¢ such that <¢/C = 1/3. Also, they
sted the exponent p by least-squares fitting of various
for p=0.8 and p=1.5 without finding any statistical
vement. So, they proposed the value p=1.

APPLICATION TO GREECE AND ADJACENT AREAS

In order to apply the above method in Greece, seismic
ment data for earthquakes in the region already published
- collected from various sources. They are tabulated in
le 1 along with other parameters and the corresponding
ence . As it can be seen from this Table, the
ponderance comes NORTH (1977). They have been determined
ng Rayleigh-wave spectral amplitudes. In cases where for
ame earthquake the investigator gives moment values
ced from different type of waves, like PROCHAZKOVA (1980),
solution resulted from the surface-wave amplitudes is
lated and used in the present regression analysis. When a
articular event, like Thessaloniki, 1978, has been studied
n several papers, the latest solution is adopted and
icluded in data set. Since July 1981, the National
thquake Information Service, NEIS, started to compute a
introid, moment tensor solution for certain events (NEIS,
thly listing, July 1981). Thus, after July 1981, the
ar seismic moment reported by NEIS for earthquakes in the
rea complete the data in Table 1.
The other parameters of the events listed in the Table
, except magnitudes, are taken from the Bulletins of the
iternational Seismological Center, ISC, and NEIS. The
urface-wave magnitude M_, for the events before 1979 are
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MAKROPOULOS et al. (1986).! The maximum amplitudes and |
were.neasured.from _the standard . Wood-Anderson seil
records of the Natiomal Obgervatory of Athens. 5
The evaluationdof log®/for. . the events used 'in €
paper was tested by least-squares fitting of various data“"
p=0s10, ‘and .p=3.0, . The value p=1.8 was chosen because it h
the'bestfittings 3
fable 2 gives-.the measurements’” of C, D and A abta
“The units of C, D,afid A are millimeters, seconds and
correspondingly, which are normaltly used in observato
readings. The values of log¥j have been plotted against t
adopted seismic moment logMo in Figure 1. '
The least square fit is

logMo = (16.8240.41) + (1.0420.05) log¥ (3)

with a coefficient of regression, 0.93. :

Since the initial work of WYSS and BRUNE (19
log-linear relations between Mo and magnitude M have
constructed for wvarious magnitude ranges (JOHNSON
MCEVILY, 1974; BAKUM and LINDH, 1977; PEARSON, 1982) and for
area of Greece TSELENTIS et al. (1988). In order to test
procedure, comparison was made betwecen the seismic mom
calculated from equation (3) and the Mo = f(Mg) relatio
TSELENTIS et al. (1988). Relation (3) gives evaluations
seismic moment closer to the observed ones.

TABLE 1
Parameters of Barthquakes Used
Mo
Date Coord.

Moo (yma.n (on) o) Ms 102 dayn.cm FT  Reference

1 1966.05.09 34.43 26.44 5.9 13.0 T North (1971)

2 1966.10.29 38.90 21.10 5.8 7.8 D North (1977)

3 1967.03.04 39.60 21.29 6.8 91.0 N Nerth (1977)

4 1967.11.30 41.41 20.44 6.5 150.0 N  North (1977)

S 1968.05.30 35.45 27.88 5.9 12.0 T North (1977)
6 1969.01.14 36.11 29.19 5.9 53.0 T North (1977)

7 1969.03.03 40.09 27.50 5.9 7.3 S North (1977)
8 1969.03.23 39,14 28.48 5.9 9.1 N  North (1977)

9 1969.03.25 39.25 28.44 5.8 18.0 N  North (1977)
10 1969.03.28 38.55 28.46 6.4 120.0 N North (1977)
11 1969.07.08 37,50 20.31 5.8 4.1 D North (1977)
12 1969.10.13 39,78 20.59 5.7 3.4 D North (1977)
13 1970.03.28 36.21 29.51 7.0 300.0 N North (1977)
14 1970.04.08 38.34 22.56 6.2 31.0 N North (1977)
15 1970.04.23 39.13 28.65 5.4 3.8 N  North (1977)
16 1970.08.19 41.08 19.77 5.3 7.2 T North (1977)
17 1971.05.12 37.64 29,72 5.8 40.0 T North (1977)
18 1975.01.08 38.24 22.65 5.7 3.2 T  Prochazkova
19 1975.09.12  36.27 21.90 5.0 2.5 -  Prochazkova
20 1975.09.22 35.20 26.26 5.7 0.7 N  Prochazkova
21 1978.05.23 40.73 23.26 5.8 3.1 N  Prochazkova
22 1978.06.20 40,82 23.15 6.4 57.0 N  Bar.& Lan.
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TABLE 1 (continued)
_ (Paramgters of Earthquakes Used

Mo
tymd) 0 (o5 Y5 102 %ayn.om FT |[Reference

1982.01.18 1 39.96  24.39 " 6.8 94.0 5 NEIS
1982,08117 33,71 22.94 _ 6.6 40.0 T . NEIS
1982,11.16 40.82 19.58 = 5.7 3.2 = - NEIS
©1983.,01.17-. 38.01" "20,23 ~ 7.0 240,0 Th. . NEIS
1983.03.19 35.08 25.35 6.0 343 = NEIS
1983.03.23 38.29 20.26 6.2 22.0 S NEIS
1983.08.06 40.14 24,77 6.7 120.0 S NEIS
1983.09.27 36.69 26.91 5.8 1.4 = NEIS
1984.02.11  38.40 22,09 5.4 3.3 - NEIS
1984.05.06 38.84 25.63 5.3 1.6 - NEIS
1984.05.22 35.91 22,52 4.0 0.6 = NEIS

FI=Fault Type; N=Normal; S=Strike-slip; D=Dip-slip; T=Thrust

. TABLE 2
MEASUREMENTS TAKEN FROM SEISMOGRAMS AND ¥ VALUES

Event No Comp. Afkm} C(mm) ¢ {mm) Disec)  LOGY(mm.sec.km)

1 N-S5 470 1.0 4.0 139.3 8.00
E-W 11.0 4.0 127.0 7.95

2 N-S 245 87.5 28,0 41.2 7.86
E-W 115.5 40.0 36.8 7.93

3 N-5 165 315.0 104.0 104.5 B.51
E-W 288.0 88.5 97.0 8.44

4 N-5 445 57.4 18.0 116.5 8.59
E-W 79.2 25.5 87.0 B8.61

5 N-5 470 13.0 4.3 105.7 7.95
E-W 18.0 6.2 78.5 7.96

6 N-S 535 46.0 13.2 84.0 8.50
E-W 35.0 10.8 105.0 8.48

7 N-5 410 23.3 8.0 67.0 7.90
E-W 17.0 6.0 B84.0 7.86

8 N-S 445 36.0 12,2 67.2 8.15
E-W 30.0 8.5 81.0 8.15

9 N-5 445 34.5 11.8 93.0 8.27
E-W 28.0 8.0 118.5 8.29

10 N-5 430 94.5 31.5 75.0 8.59
E-W 52.0 16.8 111.0 8.50

1 N-S 300 97.5 30.8 51.5 8.16
E-W B84.5 35.0 54.5 8.12

12 N-S 335 66.8 18.5 21.7 T
E-W 47.3 17.5 21.0 7.61

13 N-S 575 204.5 64.0 177.0 9,53
E-W 233.2 69.2 160.5 9.54

14 N-S 105 240.5 77.5 130.2 8.13
E-W 240.9 75.0 109.0 8.06

{cont.inued)
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TABLE 2 (continued)
| /MEASUREMENTS TAKEN FROM SETSMOGRAMS AND ¥ VALUES

Bvent No ‘Conp. “aA(km)  Clmm) € {mm) D(see)  LOGY(mm.sec.km)
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15 N-5 455 1B.0 6.0 45.7 7.70
i E-W 9.2 3.2 53.2 7.47
16 =5 480 8.0 2.6 6215 7.53
, E<W 8.0 2.5 56.0 7.48
17 N-S 535 18.0 6.6 =58 8.30
E-W . 1955 4.2 140.0 8.19

18 N-S 100 110.5 39.5 50.2 7.34
E-W 86.5 25.2 45.8 7.20

19 N-S 250 26.3 2.2 26.2 7.15
E-W 15.7 6.0 29.2 6.98

20 N-S 375 17.0 5.5 B.0 6.77
E-W 12.5 4.2 14.5 6.89

21 N-S 300 55.8 17.5 36.7 7.77
E-W 39.8 13.0 57.2 7.82

22 N-S 310 173.0 53.6 83.2 B.64
E-W 152.0 47.4 91.0 8.63

23 N-5 230 252.6 82.5 115.0 8.M
24 N-5 480 23.6 8.8 59,0 7.97
E-W 21.5 7.2 61.7 7.95

25 N-S 410 8.5 3.0 51.5 7.34
E-W 12.0 4,2 51.0 7.49

26 N-S 300 282.6 88.5 90.§ 8.87
E-W 225.0 75.2 124.5 8.91

27 N-S 355 20.0 6.8 39.2 7.48
E-W 14.8 5.5 38.6 7.35

28 N-S 300 91.0 28.3 84.0 8.34
E-W 86.7 28,0 98.0 8.39

29 N-S 260 i11.2 104.5 140.0 8.99
30 N-S 320 18,0 6.0 11.0 6.81
E-W 12.5 4.6 15.0 6.78

31 N-S 150 78.0 22.0 56.2 7.56
E-W 92,2 31.2 62.5 7.68

32 N-S 230 46.5 16.5 28.5 7.37
E-W 40.0 13.0 21.8 7.19

33 N-S 260 13.0 4.0 18.8 6.74
E-W 10.6 3.7 15.0 6.55

DISCUSSTION

The application of the method confirms generally the
conclusions of BOLT and HERRAIZ (1983). Thus the
goodness-of-fit of a linear relation between logMo and
log(CxDxa) found for Wood-Anderson readings provides some
confidence in the estimation of the seismic moment routinely
by this method. Further the comparison test indicates that
the term ¥ = CxDxA 1is a more consistent measure of seismic
moment than the peak amplitude without regard to the duration
of the largest wave motion, i.e. M.

The main nonrandom errors in the estimated moments comes,
as with magnitude determination, from the neglect of
the wave radiation pattern. Nevertheless there is a need of
improvement of the relation (3) wusing a larger number of
calibration seismic moments.
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6.8 7.2 7.6 8.0 8.4 a8 9.2 9.6 10.0
LOG (Y)

Correlation between independently estimated seismic
moments My and the quantity ¢ = C X D X A (see text)
rneasured from Wood-Anderson seismographs.
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