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One-station Estimates of Seismic Moments from the Mantle
Magnitude M ,,: The Case of the Regional Field {1.5° < A < 15%)

Jacoues TaLanDiEr! and BEMiLe A, Oxkar?

Abstrace —We extend to the regional field of distances the procedure of one-station estimation of
seismic moments using the mantle magnitude A7, as introduced earlier in the case of telescismic events.
A theoretical analysis of the validity of the asymptotic expansion of normal modes in terms of surface
waves, which was used in the development of M, , uphelds the validity of the algorithm for distances as
short as 1.5°. This is confirmed by the analysis of a dataset of [49 GEOSCOPE records obtained ai
distances ranging from 1.5 to 15°, from earthquakes with moments between 10°* and 2.5 x 10?7 dyn-cm.
The performance of A, as measuared in terms of average residual with respect to published values of M,
and standard deviation of the residuals, is not degraded in this distance range, with respect to the
teleseismic case. This indicates that the mantle magnitude M, can be reliably used at regional distances,
notably for tsunami warning applications.
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1. Introduction and Purpose

The purpose of this paper is to test the variable-period mantle magnitude A, in
the case of regional epicentral distances, in practice 1.5° £ A < 15°. The mantle
magnitude A, was introduced by OkAL and TALANDIER (1989; hereafter Paper I}
as a convenient way of measuring in real time the seismic moment of & teleseismic
event, while keeping the philosophy of a muagnitude scale, 1.2, a one-station estimate
ignoring the exact depth and focal geometry of the source. The concept, initially
developed on mantle Rayleigh waves, was later extended to Love waves (OKAL and
TALANDIER, 1990; hercafter Paper II). The M, algorithm has been successfully
incorporated into a procedure of automatic event detection and guantification at
teleseismic distances, which has measured more than 500 seismic moments in real
time, since its implementation at the Geophysical Laboratory in Tahiti in 1987
(REYMOND ef al., 1991; HYVERNAUD ef al., 1992).
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Cur previous studies were concerned with the general features of the magnitude
M. and their datasets emphasized teleseismic distances. Given the potential of the
method in the field of tsunami wamning (Tapanpier and Oxar, 1989), it is
particularly important to assess its performance at regional distances for which the
ability to obtain real-time estimates of the size of an earthguake becomes crucial. In
Papers I and II, we did verify that the quality of moment determinations was not
lessened when restricted to the shortest paths then available. Such iests were,
however, mited to small datasets of only a few points, with no distances smaller
than 7.3 degrees.

With the development of broadband networks, notably the implementation of
GEQOSCOPE stations in the immediate vicinity of subduction zones, it recently
became possible to acquire a much larger set of high quality data covering the
whole range of regional distances. Also, our experience in Papeete, Tahiti shows
that accurale measurements can be obtained routinely down to M, =4 {or
My = 10" dyn-cm) (REYMOND et af., 1991). This opens the way for a much more
systematic investigation of the performance of A, at regional distances, which is
the subject of the present paper.

We will see that in practice measurements can be taken for any distance
A= 1.5° This lower bound of distances Is predicted by an examination of the
hreakdown of the asymptotic expansion of Legendre polynomials used in the
development of the A4, algorithm. At even shorter distances, the seismogram is
dominated by near field terms. A procedure o extend the concept of M,, to the near
field will be the subject of a separate paper.

The present study involves only Rayleigh waves recorded on vertical seis-
mograms; since it follows closely the work reported in Paper I, we will emphasize
only those aspects specifically related to the issue of short distances. We simply
recall that the mantle magnitude A, is obtained from the spectrum of mantle
Rayleigh waves through:

M,, = log,, X(w) + Cs + Cp — 050 ey

where X(w) is the spectral ampiitude in pm-s at the angular frequency o. The
expressions for the frequency-dependent distance and source corrections Cp, and Cy
are given in Paper 1. The measurements are carried out at all Fourier periods
between 50 and 300 s, and the largest number retained. [ts value is then expected to
represent flog,, M, — 20], where A, 1s measured in dyn-cm. In practice, and based
on a dataset of several hundred measurements, the precision achieved at teleseismic
distances s on the order of 0.2 units of magnitude.

From the theoretical standpoint, there are two reasons to expect the breakdown
of the M, formalism at short distances: in the first place, the source and distance

corrections in (1) are based on the asymptotic expansion of the Legendre polynomials,

. 2 n R
Pr{cos A) = (— 1) m- 12 \/K G A . cos[([ + %)A + m 5 ZJ (2)
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Figure |
Deteroration of the asymptotic expansion of P" as a function of distance, for values of / representative
of mantic waves. On each row, the left three plots comparc the true value of E7 computed by
recurrence on { (solid ling), to the expression derived from the asymptotic expansion (dotted line). The
fourth box similarly compares the average excitation ¢ Ex) {Bquation 3) computed by both algorithms.
In all cases, the vertical dashed line shows the lower bound of the range of distances in our dataset
(A= 1.5,

which diverges like E/\/EnwA as A-»0; in addition, our formalism, developed at
teleseismic distances, neglects the near-field terms, whose contribution to spectral
amplitudes becomes prominent at very short distances. These effects will be studied
in detail in a separate paper, but it is at least possible to discuss in general terms the
breakdown of the asymptotic expansion.

In order to put some theoretical bounds on the possible range of the asymptotic
breakdown, we proceed as follows. In Figure 1, we study the deterioration of the
asymplotic approximation at three angular orders (/ = 24, 75 and 200) representa-
tive of mantle Rayleigh waves (the corresponding periods would be close to 300,
125 and 50s, respectively). On each row of plots, the first three boxes show the
variation of P} with distance in the range of a few degrees, for the three degrees
(m =0, 1, 2) excited by a double-couple. The solid lines are the exact values of £,
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computed by recurrence over /, and the dotted lines the values computed by using
(2). As expected, the latter diverge significantly in the vicinity of A = 0. The vertical
dashed line marks A = 1.5°, the limit of our available data (see below). While the
P9 are in all cases fit correctly by the asymptotic expansion, the figure suggests that
the A4, algorithm couid be invalid at distances shorter than 7° for the lowest
frequencies considered, due a significant misfit of P, when using (2). However,
when considering the fuil Rayleigh excitation, in the notation of KaNAMORI and

Ciear {1974).
Ex = ‘SRKOP? - Q’RK1P} “?PRszﬂ (3)

the situation is made more subtle by the relative amplitudes of the excitation
coeflicients K,. (Note that Ex is the normal mode equivalent to the excitation £
defined in Equation (8) of Paper I, using the surface wave formalism. As such, it
remains a function of distance: in the normal mode formalism excitation and
propagation do not separate.) Following the approach in Paper I, we computed the
average {£x)>, over a large number of source-receiver geometries, both using the
exact values of the P, and the asymptotic expansicn (2), for a source at 20 km
depth. Results are shown in the three boxes at far right on Figure 1. It is clear that
the error introduced by using the asymptotic expansion has been reduced consider-
ably, through the weighting of P/ by the K,,, to the point where it remains less than
50% (or 0.3 units of magnitude) for A = 1.5°. It must be borne in mind that the
above argument involves an average focal mechanism, and would not hold for ail
source-receiver geometries. Nevertheless, in keeping with the general concept of
magnitude, we would expect that the deterioration of the asymptotic expansion of
the P polynomials should not affect significantly the validity of Equation (1) as far
as estimating the mantle magnitude M, at distances as short as 1.57 and for all
periods T < 300 s,

2. Daraset

In order to gather an adequate dataset, we searched systematically the Harvard
CMT solutions (IDZIEWONSKI ef al., 1983a; and subsequent updates) for events
with moments greater than 10°* dyn-cm, having taken place within 15° of a
GEOSCOPE statior, The threshold of 10 dyn-cm is in ling with our observaticn
(REYMOND e al., 1991) that such moments are accurately recovered at teleseismic
distances through the A, algorithm. In sélecting the events, we tried to obtain a
balanced coverage through the moment range. In this respect, we generally se-
lected all events with M, > 10?9 dyn-cm, but kept only a representative number in
the range 10%-10%°, as the population of such events would have become pro-
hibitively large for stations close to subduction zones, especially during aftershock
S8GUENCes.
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Figure 2
Map of the dataset used in this study, The loops are small circles delineating 157 of distance around each
(GEOSCOPE station. Inside each loop, events are plotted according to the following key: circles: shallow
¢h < 75 ki, upward-pointing triangles: intermediate (A} (7 = 75--200 km}; downward triangles: inter-
mediate {B) {h = 200400 kim}; squares: deep (h 2 400 km).

This search resulted in 149 records; not surprisingly, the two stations at
Inoyama, Japan (INU) and Nouméa, New Caledonia (NOC, later moved to
NOU, 24 km to the NW), both located in the immediate vicinity of subduction
zones, provided the bulk of the data. The epicentral distances range from 1.51°
(04 September 1988 recorded at INU) to 14.73° (07 June 1987 at M'Bour,
Sénégal), and the moments from 10 dyn-cm (03 May 1987 at INU) to
2.5 x 107" dyn-em {10 August 1988 at NOU). Both shallow and iniermediate and
deep events were analyzed, the maximum depth being 623 km. The geographical
distribution of events is shown on Figure 2, and Table | summarizes all perti-
nent epicentral information as obtained from the Harvard files. Figure 3 further
shows that, even though the largest event in the dataset correpsonds to a rela-
tively large distance (12.99%), there is no systematic correlation between distance
and moment, with a few significantly large earthquakes recorded at some of
the shortest distances (e.g., the 15 January 1986 event (4.6 x 10 dyn-cm) at
NOC; A=3.69%). As such, our conclusions on the performance of A7, in the
regional field will not be biased by the absence of large sources at the shortest
distances,
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Tabie 1
Dataset and Resulis of the Present Study
Date Epicenter Depth  Mpe Focal Ref.  Station A B, Period M,
DMY (°N; "E) (km) Sohution + ™ {s)
(& 8, )
Shallow Events
9 11983 38.17 2023 15 4,76 5735 -168 a $5B 13.69 4.28 98.46 a7
23 31983 3833 20.22 33 534 2759 173 a 358 13.59 561 64,00 3.41
24 31983 3818 2032 25 4.15 65 56 -156 a 858 1374  3.84 6737 405
14 51983 38.49 2036 i5 4,15 11982 8 b S5B 1359 429 106.67 458
29 41984 43.27 1257 10 4.53 143 21 -72 ¢ SSB 611 452 182.86  4.65
7 51984 41,77 13.89 10 489 174 31 .52 [ 358 T.65 504 256.00 488
2 71985 -33.85 56.3% 10 4.48 110 46 -59 d PCR 1264 520 160.00 467
2 71985 -33.80 3643 10 4,89 109 44 53 d PCR 1260  5.62 11836 5.08
22 91985 12,49 -4433 10 4.69 19631 111 d CAY 1090 518 8000 488
27 10 1985 3640 6.7 10 4,79 2137 20 e 88B 903 541 752% 494
27 10 1985 3640 675 10 4,79 2137 20 e TAM 1363 539 137 500
16 12 1985 -14.15 16636 32 581 166 46 -122 e Moo 8,11 5.50 91.43 5.88
21 12 1985 -1404 18651 46 6.76 16544 88 e NOC 822  6.67 182.86  6.61
21 12 1985 -14.19 165.71 50 585 17942 99 e NOC 8.08 5.62 160.60 512
21 12 1983 -14.48 166,79 38 5.46 1745 123 e NOC 779 532 160.00  5.80
24 12 1985 -14.20 16631 33 472 337 44 87 e NOC 8.06 4.99 80.00 508
25 12 1985 -13.91 169.91 28 4.74 28287 7 e NOC 898 4,718 711 5.15
28 12 1985 -13.19 166.57 44 5.51 160 45 76 e ROC 907 332 160,00 573
22 11986 «10.19 161.06 69 5.45 11638 64 f NOC 13.11 5.41 80.00 5.57
27 11986 ~10.40 151,18 37 5.06 162 30 1582 f ROC 12.87 5.43 7111 527
2 21986 -13.62 166.61 58 4.95 184 40 92 f NOC 264 488 160,00 533
24 21986 -16.91 174.29 15 4.95 74 45 20 f NOC 914 a1 106.67  5.10
1 31986 -62.80 154.49 15 4.7% 33073 -15 f DRY 7.28 4.90 180.00 4.83
14 41986 -13.95 16698 44 5.48 160 42 82 g ROC 8.33 5.35 1560.00 5.66
1 51986 22192 17033 44 520 35753 175 I3 NOC 383 503 12800 563
19 51986 -1273 16731 13 4.82 20532 -, g NOC 9.56 505 8400 512
23 51986 12.66 48.11 15 4.65 314 44 .62 £ ACD 538 5.07 10667 486
31 51986 -5732 147.71 15 438 16586 2 g DRY 10.02 4.93 91.43 4,52
11 6 1986 10.60 -62.95 20 5.46 97 52 -161 £ CAY 11.94 576 54,00 572
5 71986 -60.79 154.17 15 5.18 15675 -12 h DRV 8.58 554 25600 522
7 71986 1042 56.76 15 5.60 242 42 98 h AGD 1373 598 25600 5.67
8 71986 3400 -116.61 15 5.53 294 37 138 h SCZ 470 5.21 51.43 5.20
13 7 1986 33.02 117089 15 4.81 126 37 106 h 8CZ 4.65 4.97 256.00 4,99
20 7 1986 37.58 -118.45 15 4.75 223 54 -35 h SCFE 2.55 5.26 654,00 4.89
21 71986 37.54 -118.45 15 5.43 149 60 -163 h SCZ 254 5.88 6400 562
23 71986 -61.93 15478 15 4.89 33484 -5 h DRV 195 511 12800 493
17 9 1986 10,52 5691 15 5.36 126 81 -179 h AGD 13.87 5.62 91.43 5.24
23 91986 -16.59 16723 13 4.92 21175 4 h WOC 5.73 4.66 64.G0 4.87
14 10 1986 4321 4199 15 5.30 9984 ¢ i CRZ 191 565 75290 540
23 10 1986 -10.98 165.17 15 6.15 33215 97 i NOC 1134 6.13 21333 6,32
23 10 1986 -11.08 16552 i5 5.76 348 14 112 i NOC 11.21 557 160.00 5.94
24 10 1986 -10.96 16498 5 5.07 203 28 42 i NOC 1138 4.86 91.43 497
24 10 1986 -10.86 16322 15 5.46 354 16 114 i NOC 11.45 529 840.00 573
25 10 1986 -17.62 168.12 45 5.32 164 45 *80 i NOC 492 5.37 213.33 5.42
112 1986 -56.83 14732 15 4.84 166 69 -6 i DRY 10.43 5.38 85.33 5.00
13 12 1986 -17.91 167.55 15 4.71 356 31 158 i NOC 449 4.87 12800 487
26 12 1986 -54.29 143713 15 4.82 35378 9 i DRV 1253 502 10667 431
28 12 1986 -38.40 7893 15 5.45 22370 .7 i PAF 12,61 5.68 106.67 5.58
3 11987 -14.99 167.92 17 6.08 15832 T4 ] NOC 741 625 21333 6324
4 21987 19.79 -156.49 15 473 26633 3 j Kip 17 a8y 166.00  5.11
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Table 1 (continued)
Dats Epicenter Depth AP Focal Ref. Station A My Period M,
DMY {°N: °E) {iom) Solution 1 *) {s)
4 8, &)
7 21987 -39.14 159.07 15 4.45 26478 4 i DRY 11432 4.96 106.67 4.53
7 21987 32.39 -115.3% 15 4.32 2070 2 i SCL 650 4.61 150.00 4.38
11 21987 -15.82 16726 33 5.68 31540 52 j NOC 6.49 580 160,00 5.83
17 21987 -19.71 168.73 22 4,66 258 30 93 j MNOC 3.33 4.93 160.60 4.81
27 21987 38.50 20.26 15 4,66 46 37 -155 i 358 13.52 4192 213.33 £97
18 3 1987 31.97 13170 38 6.07 348 27 -1(03 i NU 5.58 6.24 142,22 6.15
7 4 1987 3735 141.68 31 5.06 203 16 88 k mNU 4.25 6.1 64,00 6.10
16 4 1987 22230 17181 15 4,87 7267 -0 k NOC 498 3.06 91.43 5.11
21 41987 22779 170.37 i5 5.23 104 40 -105 k NOC 3.40 537 256.00 548
11 51987 38.82 14196 43 4,81 W23 93 k Ny 5.24 4.76 64,00 478
T 61987 032 -19.19 15 4.76 79 B85 -179 k MBO 14.73 4.86 106.67 4.62
24 & 1987 -21.25 173.57 30 575 204 89 180 k NOeC 6,71 6,22 128.00 6.03
26 6 1987 -21.30 169,20 17 5.20 35431 114 k NGC 2.75 5.66 80.00 5.49
6 71987 -14.32 167.86 15 600 15942 84 1 NOC 8.25 6,29 67.37 7.84
8 8 1987 ~58.67 158.44 15 4.52 24171 4 1 DRY 11.60 4.96 01.43 470
12 8 1987 14,11 -59.26 15 4.54 152 90 180 1 CAY 1141 4.7 213.33 5.02
3 91987 -58.90 158.30 15 7.15 155 6% 172 1 DRV 1136 7.55 213.33 7.47
24 91987 3653 14120 20 4.89 217 14 106 1 my 3.58 4.0 654.00 4,79
110 1987 34.05 -118.08 i5 4.93 27031 98 m SCE 372 5.12 106.67 4.50
6111987 4343 14628 62 4.15 23539 133 m Ny 18.78 4.42 64,00 427
1711 1987 12.57 -86.93 36 376 264 17 51 m HDG 3.80 535 64.00 5.87
19 11 1987 24.23 142,61 30 4.67 15720 86 m N i2.11 4,38 80.00 5.15
24 11 1987 33.08 -115,78 i5 5.15 305 90 180 m 5CE 5.80 4,97 213.33 5.43
24 11 1987 33.01 -115.85 15 5.86 13378 178 m SCE 5.80 57 64,60 1.83
i5 12 1987 2341 142.87 45 4,99 146 29 81 m ) 1295 472 21333 5.46
17 12 1987 3535 140.26 21 5.85 7641 2 m NU 2.64 501 54,00 5.59
9 1 1988 41.24 1960 15 4.95 32112 62 B 588 1170 4.87 256.00 505
24 1 198% 2673 128.05 44 4.80 299 51 49 n my 11.54 5.19 256.00 4.89
12 2 1988 36.43 11397 15 4,73 127 72 177 n SCZ 9.00 4.84 80.00 485
23 21988 -60.68 159.48 i5 .97 175 80 -172 n DRV 10.46 5.50 213.33 315
26 2 1988 Z37.30 47197 15 6.26 31833 &0 n CRZ 9.57 6.72 213.33 6.58
10 3 1988 10,36 -60.58 54 6.04 256 38 -67 a CAY 9.80 6.46 21333 631
i2 31988 10.16 -60.59 33 4.7 4231 .133 n CAY 9.1 5.05 160.00 4.95
i6 31988 10.27 -60.62 55 4.66 40 45-118 n CAY .79 5.20 i82.88 5.10
23 3 1988 10,50 4356 15 530 178 71 -1 n CAY 1051 581 21333 5.48
4 4 1988 30.39 131.21 42 4.98 163 27 30 2] jivie 6.96 4.51 256.00 5.06
26 41988 4237 1657 15 4,15 289 44 121 [+ 85B 2.17 4,55 256.00 3.65
3 51988 -22.81 17025 i3 5.15 129 30 .68 [} NOU 372 539 213.33 5.57
7 51988 43.28 147.83 15 4.26 22223 101 o NU 11.51 4.65 256.00 4,63
16 51988 -13.91 16624 -4 5.08 180 30 -115 [} NOU 8.17 4,89 182.86 5.24
17T 51988 -11.50 170.67 15 5.34 248 59 .27 3 NOU 11.37 527 64,00 5.14
18 51988 38.42 20.47 23 4.04 163 38 95 0 58B 13,70 4,70 21333 4.57
18 5 1988 13.51 -44.85 15 4,75 348 43 -111 o CAY 11.27 5.18 213.33 490
20 5 1988 8.10 -38.37 is 5.08 178 82 8§ 0 CAY 14.21 531 213.33 547
18 6 1988 13.58 91.12 15 4.65 268 18 56 o HDC 702 474 213.33 549
i8-6 1988 26.92 -110.94 15 6.04 3878 -10 o SCZ 13.12 6.13 256.00 5.28
24 6 1988 10.23 -60.60 53 4.88 238 44 -89 o CAY 9,80 5.40 21333 5.18
28 & 1988 -56.41 147.15 15 5.08 18714 174 o DRY 10.81 5.60 921.43 530
6 7 1088 41.77 144.32 36 5.40 232721 118 P NU 8.58 497 21333 543
6 71988 41.68 144,19 15 4,36 67 50 126 P INU 8.45 .96 21333 402
16 7 1988 13,99 5163 15 4,49 2876 175 P AGD 8.94 .01 213.33 £.61
30 71988 44,78 149.85 51 4,70 183 3¢ 28 P NU 13.58 4.65 64,00 4,59
31 71988 S2225 17103 52 591 940 10 P NOU 422 6.05 64.60 6.12
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Table I {continued)

Date Epicenter Depth  MP# Focal Ref.  Sttion A M Period M,
DMY (°N; “E) (e} Solation T *) {=}
(& 8, 2)

10 8 1988 -30.21 180,77 16 7.40 346 19 136 D NOU 1299 7127 25600  7.87
16 8 1988 -36.74 78719 i5 4.36 138 90 180 P PAF 14.06  4.85 213.33 4.58
27 8 1988 .89 -20.99 i5 4.30 255 73 -175 P MBO 1403 447 213.33 4,12
4 9 1988 3538 138.88 31 4.08 163 36 12 P NU 1.51 4.44 21333 445
8 9 1988 -60.93 154.05 i5 4.95 5671 4 sl DRY 8.43 5.40 21333 520
11 91988 14.66 -92.59 49 4,36 B2 36 -146 P HDC 10,03 447 160.00 474
20 91988 468 7743 24 4.82 14 18 104 P HDC 851 813 256,00 505
2 1% 1988 -56.85 147.45 15 4,67 261 90 180 q DRV 1043 527 85.33 493
3 131988 13.82 -90.61 54 595 96 10 -127 q HDC 739 589 80.00 6.07
511 1988 -22.01 170.04 34 530 31332 83 q MNOU 347 5359 98,46 5.53
611 1988 -2187 170.03 37 4.61 327 35 115 q MNOU 346 475 98.46 479
7111988 w2220 17495 15 6.26 2352 10 q NOU 8.01 6.26 64.00 6.19

Intermediare (A) Events
15 1 1986 -21.38 170.28 121 6.66 1728 164 £ NOC 369 696 160,00 6.89
22 10 1986 -10.63 16662 183 5.8 34123 68 i NOC 1163 518 16000 525
23 10 1986 -15.56 167.64 17 5.4% 31259 4 H NQC 6.80 542 160.60 5.55
26 3 1987 -13.72 167.18 194 5.32 336 38 89 ] MNOC 857 535 91.43 5.37
i8 61987 -10.69 162.19 86 5.57 31051 1/ k NOC 1225 577 213.33 5.73
3 71987 3119 13032 167 4.7 239 & 144 1 ™Y 698 4.94 160.00 472
12 81987 -12.26 166.64 104 4.89 34 68 21 1 NOC 1000 519 213.33 5.20
14 9 1987 30.4% 139.67 167 4,52 122 27 -170 1 NU 534 473 21333 4.48
23 9 1987 4501 14951 133 4.78 33 87 J21 1 NG 14.23 4.53 213.33 4,88
12 12 1987 29.68 14004 166 5.56 103 53 -148 m g 620 570 21333 561
2 13988 4332 14242 180 4.94 36 11 -146 n Wy 899 531 25600 493
6 51988 11.46 -85.93 76 5.00 21218 .29 o HBC 2.28 5.97 9143 6.17
7 51988 42,61 143,72 89 4,92 Wi e 8 o izt 892 511 91.43 4.88
2 71988 -14.30 167.19 148 333 191 47 112 P NOU 7.83 5.51 91.43 6.24
27 71988 -13.16 167.06 183 6.11 180 48 118 P NOU 8.95 6.20 98,46 6.30
27 71988 -13.14 166.96 176 499 175 42 133 p NOU 896 519 256.00 499
10 81988 -14.88 16730 142 6.21 179 51 147 p NOU 726 644 91.43 6.46
15 91988 -1.41 -71.87 169 5.36 121 28 -169 P HDC 1299 534 160.00 547
7 1% 1988 2652 126.39 114 4,96 5510 95 q U 12.68  4.45 91.43 496

Itermediate (B) Events
5 31986 -18.80 169.58 292 5.20 73 59 150 f NOC 456 322 213,33 527
23 21987 -15.82 167.87 225 6.46 165 48 163 i MOC 6.59  6.56 14222 645
3 51987 2847 127.58 208 4.00 16 11 10 k INU 1056  4.i6 160.00  3.59
i6 71987 - 3299 138.00 301 4.38 54 30 147 1 INU 2.49 4.85 213.33 5.12
12 10 1987 3250 131 352 4.18 8733 14 m Ny 291 408 160.00 4.20

3
Deep Events

26 5 1986 2172 -179.26 663 6.32 60 59 .149 3 NOC 13.28 6.07 213.33 625
26 51986 20,07 17872 568 6.75 197 21 -176 g NOC 11.67 6.61 213.33 .80
7 51987 46,77 139.21 442 6.26 5138 146 k INU 1153 6.06 21333 6.05
26 8 1987 -20.78 178350 588 5.26 12% 17 -170 1 NOC 410 5.47 25600 541
2 10 1987 2734 139.92 459 4.69 341 38 .76 m INU 837 476 213.33 4.71
13 12 1987 30.39 138.09 444 4.03 64 33 -167 m INU 5.03 4.06 213.33 409
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Table 1 {continued)

Date Epicenter Depth  MpE< Focal Ref.  Station A M., Period M,
DMY (°N; °E) (km) Solution T ) (s}
®, 8, A

NOU 14.61 479 21333 474
503 582 231333 A3
INU 349 416 21333 479
NOU 1316 502 21333 509

6 71988 -17.68 -178.88 549 492 1653 149
7 91988 30,32 13737 491 6.01 25645 166
13 91988 29.99 13847 446 4,92 76 22 -175
16 11 1988 -21.74 -179.52 623 4.78 12122 166

o« Be B o]

1 References for published values of M, and focal geometry: a: Demwonskl er al. (19834); b DzEwon.
sk: et al. (1983b); ¢ Dzewonsk: et al. (1985 & Dzmwonsk: e al. (1985a); o DzEwonsgr er al.
(19864);, £ Drmwonski et al. (19872); g Dzmwonsk1 ef al. (1987h); h: Dzmwonske et al. (1987¢); it
Dzmwonskt et al. (1987d); J: Dzewonskr et al. (1988a); k: Duswonsxl et al, (1988b); 1 Drewonsy et
al. (1988¢); m: Dzmwonski ef af. (1989¢); n: Dzmwonsk: ef al. (19896); o Dzpwonske ef al. {1989¢); m
Dezmwonskr et al. (198%d); q: Dzswonsk: et af. (1989%).
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Figure 3
Epicentral distances and published moments for the dataset used in this study. Note the absence of
correlation between the two parameters,
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Figure 4
Example of a typical GEOSCOPE record at regional distances {Event of 31 July 1988 recorded at Port
Laguerre, New Caledenia (A = 4.22%)), This record shows that it is impossible to separate the long-pe-
ried Rayleigh energy from the body waves. Also, because of insufficient dispersion of the group times,
it i no longer possible to make measurements in the time domain.

3. Methodology

The algorithm for the measurement of the mantle magnitude Af, has been
described in detail in Paper I. The only problem at short distances is the difficulty
of isolating the Rayleigh wave in the record. As exemplified on Figure 4, there is
often no alternative but to process the entire seismogram, including the P- and
S-waves; we are justified in doing so by the fact that body waves carry very little
energy in the mantle frequency range. The quality of our results provides a further
a posteriori justification of this procedure.

As discussed more in detail elsewhere (OKAL, 1989), it is no longer possible at
short distances to make a direct measurement in the time domain, since sufficient
dispersion cannot take place over a short path, and consequently individual
frequencies cannot be resolved on the basis of their different group times.

As in the case of teleseismic distances, we define a residual r =M, —
log,s Mg+ 20, based on the published value of the moment of the event, and study
the population of residuals ». We also address the guestion of the influence of focal
geometry and depth by computing the true excitation E in the published focal and
receiver geometry as defined in Equation (8) of Paper I, and a “focal mechanism
contribution” Cpy, = —logy £~ Cg. Then M, = M, + Cp,, is the value which
would have been computed, had we taken into account the exact depth and
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(Dzizwonskl et al., 1983a and subsequent updates). The various boxes refer io the whole dataset
{upper left), or to the sub-datasets in the various depth windows. The dashed line is the expected

relation; M

S

= 10g; My — 20.

geometry of the event, rather than used the average cxcitation featured in the
correction Cs. We further define the corrected residual r, = M, — log,, M, + 20.

4. Results

Table | lists the individual values of A4, for all 149 records comprising the
dataset. These values are plotted against the published value of M, on Figure 5. It
is immediately apparent that the guality of this dataset is generally comparable to
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Table 2

Summary of results ai regional distances

Dataset Station Number of F a  Slope o a,
Code Records
Whole dataset 149 013 0.28 108 .17 028
Shallow only 115 0.7 029 12 .20 030
Intermediate {A and B} 24 007 019 092 12 0.46
Deep i0 —0.11 927 103 —0.02 0.§7
For Reference:
Original Teleseismic Rayleigh dataset® 456 914 024 LYY 0.6 0.1%8
Teleseismic Love dataset® 307 012 029 996 19 025
4-year dataset of automated measurements® 474 0.07 022 102 002 027
Individual stations
Nouméa, New Caledonia NOC, NOU* 54 0.06 020 1.02 020 0.28
Inuyama, Japan INU 30 -~0.03  0.26 098 003 020
Dumont d'Urville, Antarctica DRV i3 042 0.15  1.00 016 0.09
Saint-Sauveur de Badole, France 55B 13 2.08 036 092 020 6.20
Cayenne, French Guiana CAY 10 038 013 094 0.28 o1l
Santa Cruz, California SCZ 10 016 020 1.08 029 0.57

*We treat as a single dataset records from the New Caledenia station before and after it was moved
{about 20 km) to Port Laguerre (NOU) in March, 1988.

“This dataset combines the original recosds from shallow earthguakes (Paper I), and those from the
intermediate and deep study (OxAL, 1990}

® From Paper 11,

¢ From HyvERNAUD ef afl. {1992).

that of the teleseismic studies in Papers T and I1. It can be further assessed along the
following lines:

Aceuracy of M,

Statistics regarding the populations r and r, are given in Table 2. The dataset is
considered as a whole or broken down into shallow, intermediate and deep events.
Given the small number of records imvolved, it was not possible to further
distinguish between the (A) and (B) families of intermediate earthquakes (OKAL,
1990). In general, the average residuals 7 and standard deviations ¢ (0.13 and 0.28
respectively for the whole dataset) are comparable to those achieved at teleseismic
distances, As shown on Figure 6, however, corrections for focal geometry and
depth fail to achieve the same level of variance reduction. In a patiern reminiscent
of the teleseismic studies in Paper I, the two very large residuals r, on Figure 6
correspond to geometries where the station is expected to be strongly nodal for the
published focal mechanisni, but nevertheless substantial energy is present in the
record. At shorter distances, it is less likely that the wave iravels outside the great
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Same as Figure 5 for the “corrected” M., Note the slight improvement in the residuals. See text for
comment on the two very large residuals in the shallow dataset.

circle due to lateral heterogeneity, but on the other hand, the large values of r, may
reflect the increased inaccuracy of source-to-station azimuths: at very short dis-
tances, a small error in either the epicentral location or the focal geometry could
result in a significant error in the position of the station with respect to the
radiation pattern of Rayleigh waves, and eventually in the focal correction (., as
defined in Paper 1. Indeed, under such conditions, the concept of magnitude
appears more robust than the use a fuli-fledged moment tensor.

My M, Relationships

These can be characterized by the best-fitting slopes regressing the datasets
shown on Figure 5. As evident from the 6th column of Table 2, these slopes are not



56 Jacques Talandier and Emile A. Okal PAGEOPH,
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Residuals r plotied as a function of distance (for the whele dataset). The absence of trerd with distance
confirms that no breakdown in the reliability of M, can be detected.

significantly different from 1, which proves that the growth of M, with moment
remains linear, and in particular that saturation effects have been effectively
prevented. Once again, the slopes are comparable to their teleseismic counterparts,

Behavior with Distance

The most crucial test to be performed on our population of residuals is fo
explore any possible trend with distance. The onset of systematically positive (or
negative) residuals below a certain distance threshold would signal the onset of the
breakdown of the asymptotic expansion {2). As shown on Figure 7, no such trend
could be found. We further explored the matter by regressing the residual popula-
tion against distance. The resulting slope is only 0.004 units of magnitude per
degree, corresponding to a trend of less than (.1 unit over the full range of
distances, which remains below the typical scatter in the residuals. A stanistical
analysis of the populations of distances and residuals vields a correlation coefficient
of only 0.05, and y* = 11.7, indicating a probability of correlation of less than 1%.
An aftempt at regressing r against log,, A yields stmilarly unsignificant trends.

Finally, we studied a restricted dataset consisting of only the records obtained
at A =7°, with the goal of detecting any possible increase in the scatter of the
measurements at very short distances. The average residual (F = 0.09 and the new
standard deviation {¢ = 0.25) are practically unchanged, and if anything, slightly
better than for the whole dataset; on the other hand, for the corrected values,
F.=10.17 is unchanged, but the standard deviation increases to o, = 0.33, a further
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Hlustration that large corrected residuals r, are probably due, at least in part, to
inaccuracy in the geometry used when computing Cpy, (see above).

We conclude that we fail to identify in our dataset any evidence of a degrada-
tion of the performance of Af,, with distance.

Behavior with Period

We next study the residuals r and r, as a function of the period T at which they
were retained. Figure 8 shows that, again, no trend can be identified, the regression



38 Jacques Talandier and Emile A. Okal PAGEOPH,

of r vs. log,, T vielding an insignificant siope of 0.029, or 6.0 unit of magnitude per
octave. The correlation coefficient was found to be 0.02, with y?=11. This check
was important, since as suggested by Figure 1, the breakdown of the asymptotic
expansion of the Legendre polynomials is expected (o be wavelength-controlled,
and hence period-dependent. As we noted in Paper 1 in the teleseismic case, the
extravagant residuals r, occur at the shorter periods.

Behavior ar Individual Stations

Finally, like in our previous studies, we split the datasets by individual stations
{when a station contributed at least 10 records to the dataset). As in the case of

DUMONT D'URVILLE

N

LATITUDE (N)

P |
140 150 . 160
LONGITUDE (E)

Figure 9
Detailed source-receiver geometry for the dataset at Dumont d'Urville, Antarctica. All earthguakes
involve strike-slip rupture in a geometry where DRV sits in a lobe of radiation, giving rise to large
residuals », but much smaller corrected residuals r.. This s a Mercator projection of the SYNBAPS
bathymetry, with isebaths at 1000 m intervals.



Vol 138, 1992 Ome-station Estimates of Seismic Momenis 59

teleseismic distances, we were unable to delect any significant trends or station
anomalies, suggesting once again that station corrections are not warranted. In the
particular case of station DRV, which features a very large average residual
(F = 0.42), all relevant earthquakes are transform fault events, clustered ai several
locations along the nearby plate boundaries for which DRV sits in a lobe of
Rayleigh radiation (Figure 9). The large residuals are an artifact of this geometry,
and are all but eliminated when a focal correction is applied, and the residuals 7,
considered.

5. Conclusions

The extension of the algorithm for the computation of the mantle magnitude
M,, to the field of regional distances is not accompanied by any detectable
deterioration of its performance. The population of residuals » from the regional
dataset has statistical characteristics {accuracy, standard deviaiton, slope) compar-
ing favorably with those obtained at teleseismic distances. We could not identify
any significant trend with variables such as period or distance which would point
out to the initiation of the breakdown of the assumptions used in deriving M, even
for distances as short as 1.57 and periods as long as 256s.

The validity of the mantle magaitude algorithm in regional distances upholds
the concept of using Af,, to obtain in real time an estimate of the seismic moment
of an event, with important applications in the field of tsunami warning (Ta-
LANDIER and OxAL, 1989),
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