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NEW MAGNITUDE ASSESSMENT FOR EARTHQUAKES IN
THE NE PART OF THE IBERIAN PENINSULA.
PRELIMINARY RESULTS

J. Batllé'?, J. Vila*® and A. M. Correig??

1 Observatori de I’Ebre. CSIC. E-43520 Roquetes (Tarragona), Spain.

2 Dept. Astronomia i Meteorologia. U. de Barcelona. Marti Franques 1,
E-08028 Barcelona, Spain.

3 Laboratori d’Estudis Geofisics “Eduard Fontseré”. [IFC, Marti Franques 1,
E-08028 Barcelona, Spain.

Abstract

Magnitude estimates of earthquakes ocurred in the NE part of the Iberian
peninsula have been investigated. A new magnitude equation for local and
regional earthquakes recorded at station EBR has been developed. Also,
an azimuthal dependence of the station correction term has been found, this
introduces uncertainty on the available magnitude estimates and on the avail-
able values of the regional seismic wave attenuation.

Introduction and goals

A local magnitude equation has been developed for the short period (1 Hz)
seismograph (operated in the same way since June 1974) at “Observatori de
I’Ebre” (EBR-SP, Lat. 40° 49’ N, Lon. 0° 30’ E, alt. 40 m.). The main goals
are:
e To give a magnitude cstimate to small earthquakes produced in the
surrounding zones.

e To extent the instrumental magnitude estimates to older regional earth-
quakes for which instrumental magnitude was not available up to now.
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Methodology

We proceed as follows:

e We used Bath (1981) aproach to develope an independent local mag-
nitude My, equation.It may be defined in the following way

My = logA + &(T)log(A/100) + logI(T) + . (1)

Where A is the zero to peak ground displacement (in millimeters), (T
is the seismic wave attenuation, I(7T) is the amplitude response of the
standard Wood-Anderson seismograph and ¢ is the station correction.

e As seismic wave attenuation values we used those calculated by Vives
and Canas (1992) for the L, waves with seismograms of the same in-
struments we are using. They found the anelastic attenuation ~ of the
Ly waves for the region of our interest to be (fig. 1):

7 = (0.0042 + 0.0007) f(O-5792£0.0591) f =1 (2)

and using this result, it is easy to show that

—

A
&(T) = 4(T) logelogA + 5 3)

e We assume 7" = 0.5 Hz {or convenience (this is the maximum magni-
fication frequency for our system).
The resulting Magnitude equation is

A

M, = logA + 05logA + 2.7107° A — 541073
log A

+ e (4)

Equation test and Station correction

To test the developed equation we proceed as follow:

¢ We selected 340 earthquakes recorded at EBR station between 1984
and 1993, which epicenters lie at distances shorter than 400 km from
EBR and which magnitudes are given in the [GN (Instituto Geografico
Nacional) catalogues (fig.2). Also, There is a LDG (Laboratoire de
Detection et Geophysique) magnitude estimation for a lot of them.
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Figure 1: L, seismic wave attenuation for the eastern part of the Iberian
peninsula as calculated by Vives and Canas (1992).

e We read the maximum peak to peak amplitude Ap_p and its corre-
sponding frequency. We realiced that this frequency value lies around
2H = (also, this is the maximum magnification frequency) and we use
Ap_p]?2 as zero to peak amplitude.

e We calculate a M, magnitude estimate for every earthquake using our
developed equation and amplitude data for the vertical component.

e We compare this estimate with those calculated using the M, defined
by Nuttli (1973) and My, as defined by Richter (1935).

The results of this process show that the developed equation is esentially
correct. The linear correlation among our calculated magnitude and those
calculated using Richter’s and Nuttli’s formulae are good (fig. 3). They agree
extremely well in the case M — Mp,. This fact shows that the maximum
amplitude recorded on these seismograms corresponds to the L, wave as
espected (also, that the use of Nuttli equation is a good approximation).

To calculate the station correction we plot our obtained magnitude es-
timations vs. the IGN My, and LDG M ones and we fit a straight line
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by minimum squares linear regression to the obtained points (fig. 4). The
results are:

My
My

~0.95(£0.16) + 0.96(%0.05)M;on (5)
~0.97(£0.19) + 0.96(+0.06)M.pc (6)

and the resulting station correction is & 1.0
Finally, we obtain a formula for the calculation of the local magnitude at
EBR seismic station in the form

A
= . . -3 — 5. B e 0. (7
My, logA + 0.5log A + 2.7107° A 5.4 10 lOgA+10 (7

Application and discussion

It is known that EBR records of some earthquakes originated to the south
show amplitudes quite smaller than those of similar earthquakes originated
to the north. This has been observed also in other near stations (VAN). To
analize this observation we fit IGN magnitudes vs. our magnitude estima-
tions independently for earthquakes located to the north (250 events) and
those located to the south (84 events). The results are:

e To the north (fig. 5, left)

My = —1.26(+0.18) + 1.05(£0.06)Mgn (8)

e To the south (fig. 5, right)

My = —0.86(+£0.40) + 0.96(£0.13)M;gn (9)

As it is shown, there is a station correction offset on depending on the back-
azimuth of the recorded earthquakes. We cannot offer any conclusive expla-
nation for this fact. We may postulate several causes:

e Attenuation shows a great azimuthal dependence. Studies on seismic
wave attenuation for this zone do not show, up to the present, great
evidence on this sense.

¢ Geological geometry of this zone tends to destroy (or inhibites the
generation) of L, waves. No studies in this sense have been undertaken
up to the present.
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Figure 2: Epicentral location of earthquakes used to fit our My local magni-
tude equation
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Figure 3: Fitting of calculated My vs. Nuttli’s My, (left) and My vs.
Richter’s My, (right) magnitude estimates. '

* Magnitude estimates for earthquakes located to the south of EBR
should be quite lower. This means that some problem (or artifact) is

present on the process of calculation of magnitude estimates by IGN, at

least in the studied range. It is not likely because they have been tested

against NEIC and LDG estimates and show very good correlation.

Conclusions

Main conclusions of the carried analysis may be stated as follows:

® A local magnitude M, equation have been developed for the short
period seismograph at EBR station. Its validity extends for eartquakes

ranging on 2.0 < My, < 4. and distances up to 400 km.

e It has been shown that maximum recorded amplitude corresponds to

the L, wave.
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Figure 4: Fitting of calculated My vs. IGN’s My, (left) and My vs. LDG’s
M, (right) magnitude estimates.

e Azimuthal dependence of the station correction has been shown. This
introduces questions in magnitude estimation and seismic waves atten-
uation that should be further studied.
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REFRACTION OF SEA WAVES APPROACHING THE BRITISH ISLES
AND ITS EFFECT ON THE GENERATION OF MICROSEISMS.

Jack Darbyshire
Unit for Coastal and Estuarine Studies, Marine Science Laboratories
Menai Bridge, U.K.

Abstract

Previous work has shown that microseisms as recorded in North Wales are
related to the sea wave climate in two regions, the Bristol Channel area
and an area to the south-west of Scotland, called for convenience the North
Channel area. It was decided to investigate the refraction of approaching
sea waves in these regions. In the case of the Bristol Channel, the
direction of approach of the waves was varied from 75° to 95° and for the
North Channel from 95° to 145°.

In the Bristol Channel area, there was a strong focussing point off the
north-coast of Cornwall where the coastal outline was relatively smooth and
could give rise to considerable reflection.

In the North Channel case, the topography is much more complicated but
there was a focussing point off the Isle of Islay and the coast of Kintyre
for directions 95° to 145°.

It is therefore possible that these focussing areas could give rise to
microseism generation and could be checked with two storms which occurred
recently, one very severe one which was acting for most of the time to the
south of the British Isles and a less severe one which moved from the south
to the north of the British Isles and so could be expected affect both the
regions considered. A wave prediction program was prepared which allowed
for the effect of refraction in determining the wave direction and
amplitude.The history of sets of waves arriving at intervals of 4.5° from
0° to 180° and travel distance units of 1 hour was used for the Bristol
Channel case while for the northern case, the distance interval was one
half hour's travel and the angular increment was taken to be 1.5°.

The results showed that large waves of large amplitude could arrive at
many points on the Cornish coast with normal incidence. The position was
not so clear in the northern case but there was appreciable wave energy
propagating normal to the coast of the Isle of Islay but very little
appeared to arrive off the coast of Kintyre. The depth grid system use for
calculating the refraction was 23 km. and it is possible that with a
smaller grid, some activity could be shown to arrive at Kintyre.

Introduction

Although it has been accepted for some time (e.g. Longuet-Higgins,1950)
that secondary microseisms are caused by the onset of two sets of waves of
half the microseism frequency meeting in opposite directions. It was
initially suggested that this could happen in mid-ocean with sets of waves
coming from different storms or sets generated in different areas of the
same storm. THis turned out, however, to be a relatively rare occurrence
and the wave sets must in the majority of cases be caused by coastal
reflection. An investigation of microseisms recorded at Menai Bridge,
Wales, for the past eight years,{Darbyshire, 1990,1991), has shown that the
microseisms are closely related to the wave conditions at two sea areas,
one in the Bristol Channel and another in an area to the south-west of
Scotland which was called for convenience, the North Channel area. Waves
were hindcasted for these two areas and the variation of energies predicted

PR
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for sea waves of over 14 seconds period, agreed very well with variation of
microseism energy of over 7 seconds period at Menai Bridge. These
investigations did not go into the effect of refraction on the waves
incident in these areas and the hindcast program was extended to allow for
this and its effect on both amplitude and direction. Such a program was
suggested by Elliott (1983).

Refraction diagrams for waves approaching the British Isles.

A 23 km. depth grid system extending westward from the coast of the
British Isles to the 2000 metre contour was used.. The wave orthogonals
(rays) were taken from various locations near the western edge. For the
south-west coast of Scotland for 15 second period waves a series of
initial directions of approach from 95° to 145° as shown in Figures 1a and
1b were taken. One set is given for 12 sec. waves with an angle of 95°.1In
all the cases shown, there is considerable refraction and the lines cross,
indicating focussing, near the coasts of the Isle of Islay and the Kintyre
peninsula. Both these coasts are relatively smooth and unindented. The
lines approach these coasts at nearly normal incidence and so some straight
reflection could be expected.

Figure 2 shows similar diagrams for the south-west coast of England for
initial directions of 85° to 95° for 15 sec. waves and 95° for 12 sec.
waves. Here the focussing is much more marked particularly in the area near
Lands End. Again the waves appear to be approaching normal to the coast in
several places and reflection could be expected.

Using wave refraction diagrams for wave hindcasting.

It is possible to use refraction diagrams for hindcasting wave
parameters near the coast. Now, however, the lines are started near the
coast and extended towards the west. A series of six hourly charts are used
in conjunction with the depth chart and the refraction lines prolonged off
the depth grid on towards the western edge of the weather chart, as the
speed does not then depend on the depth. Initial directions at 1.5°
intervals from 0° to 180° were taken from various points along the Scottish
coast at steps of a travel distance of one half hour for the wave period
concerned. For the English coast the corresponding numbers were 4.5° and
one hour's travel. When the Tlines had been completed, they were traced back
from the edge towards the recording point and at every three hours the
position was noted and the relevant wind chart for that time was used to
obtain the wind speed and direction for that point. These values are
introduced into the wave prediction process and continued until the end of
the line is reached. Three hourly values are obtained by interpolating the
six hourly values.

During December 1994, there were two storms of particular interest. One
for 27-30th. was very intense and gave rise to the highest microseisms ever
recorded at Menai Bridge. The storm was acting most of the time to the
south of the British Isles.. The other storm was from 17-19th. and was not-
so intense but moved from the south to the north of the British Isles. A
curve showing the variation of the microseism energy with frequency less
than 0.14 Hz. is shown in Figure 3.

The hindcasting program was applied and the results for various points
near the coast are shown in Figures 4 and 5. The directions are indicated
by arrows and the (wave energy)2 values for frequencies lower than 0.07 Hz
by the numbers. Figure 4 shows the effect of the two storms at the south-
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west coast of England. As would be expected from Figure 2, with the later
storm,shown at the top of the diagram, there is intense activity near Lands
End with values of 49.2 and 38.4 m¢x 10-', with directions approaching
the coast. There is also some activity between 3 and 18 méx 10-1 off
other parts of the Cornish coast. The effect is much smaller with the
earlier storm, shown at the bottom,the only appreciable value being 4.10
m4x 10-' off Lands End. )

The effect of the two storms is about the same with the Scottish coast,

there being values of 3.2 and 1.46 m*x 10-! off and normal to the coast of
the Isle of Islay for 29.12.94 1200 and 2.85 m4x10-' for 19.12.94 0000.
The effect on both the northern and southern cases are comparable for the
first storm but clearly the effect in the south is much larger for the
second storm. It was not possible to detect any activity off the coast of
Kintyre for both storms and it may be necessary to use a finer grid with
such a complicated topography as the south-west coast of Scotland.

Conclusions.

It has been shown that the reflection of waves coming from the Atlantic
Ocean is quite possible off the coast of Cornwall and it can give rise to
microseisms. There is also some reflection off the Isle of Islay off the
Scottish coast which at times is as large as the effect off Cornwall.It is
possible that the use of a finer depth grid would lead be advantageous in
dealing with refraction off the coast of Scotland.
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MICROSEISM ENERGY
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Figure 3 Variation.of microseism energy with lower frequency than
0.14 Hz (7 secs.) at Menai Bridge for 17-31 December 1994
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SPATIAL AND DIURNAL NOISE CHARACTEi{ISTICS OF THE
FINESS ARRAY
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Institute of Seismology, P.O. Box 19 (Et. Hesperiankatu 4),
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A

Abstract

The technical upgrade of FINESS array in 1993 has improved the quality
of data. Different aspects of noise characteristics of the array have been
studied. The diurnal variation of noise is much higher during working days
compared with weekends. The cultural noise above 2Hz dominates the
diurnal variation of noise. The importance of spatial noise characteristics in
tuning the beamforming processes is displayed. Different array configurations
give extra suppression of incoherent noise compared to theoretical values at
some frequency ranges. So, it is possible to improve the capabilities of the
detector system by selecting optimum array configurations for beams
according to nature of phases that are searched for. The short term alterations
of the noise level were studied by examining the output of the detector
system. Two directions, 272° and 335°, were found to dominate the azimuth
distribution of low velocity detections.

1. Introduction

The FINESS array in southern Finland has been designed for detecting
and locating local and regional events (Korhonen et al. 1987), but it has
proved to be very efficient also in detecting teleseismic events (Uski 1990).
The deployment of the array resembles those of NORESS array in Norway
(Mykkeltveit 1985) and GERESS array in Germany (Harjes 1990). The array
consists of 16 vertical short period instruments assembled in 3 rings with a 3-
component station at the center. The diameter of the array is about 2km.

The array has gone through technical upgrade in 1993. New vaults were
built for all substations. New telephone lines were built from substations to
central station. All electronic equipment were changed. At the old array the
instrumental noise was higher due to the old amplifiers and long analogous
line transfer. Previously the data was digitized at the center station now at
vault of each station. The instrumental noise is now over 20dB lower than
seismic noise. Previously the instrumental noise was significant compared to
the seismic noise. To illustrate the improvement in quality of the data average
of spectra of noise samples taken every hour from each of the stations during
one day are plotted in Fig. 1. The noise samples were collected on the second
Monday of two consecutive years. The data of FINESS is much more uniform

1. Also: Center for Seismic Studies, 1300 N. 17th Street, Suite 1450,
Arlington, VA 22209, United States
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than data of the old array (FINESA). Only one of the substations of FINESS has
slightly different behaviour in low frequencies due to older A/D converter that
will be replaced in the future. It was not possible to test the possible change of
average noise levels due to arbitrary alterations in local noise conditions. When
noise spectra of FINESS were compared to those of 5 nearest seismic stations it
was found that at most of the area between 1Hz and 10Hz FINESS had the
lowest noise level.

105 . | 105 ! !
104 A - 104 -
108 LT O ARSI -
102 102
ey ~—~
i T
NE 10 NE 10
£ £
2 >
g o1 10
5 =]
<3 $
& 10" 4 5101
& 2
Ay -
10?2 102
10° 103
104 104
10° T i 105 :
100 101 100 101
Frequency (Hz) Frequency (Hz)

Figure 1. a) Average noise power spectra of one day from each of the substations
of the old FINESA array. b) Similar picture from the upgraded FINESS array.
The noise samples were 8192 samples long. The noise samples were collected
every hour.

2. Temporal variation of FINESS noise

The weekly variation of noise was studied by computing spectra of 204.8s
noise samples from every hour of the week. Each spectrum was compared to the
average of the whole week. The diurnal variation in the ground motion power
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spectra was clear in working days above 2Hz. At lower frequencies this pattern
breaks, showing that below 1 Hz most of the noise is not of cultural origin. Local
weather conditions have influence on the noise level between 0.5Hz and 2.0Hz
(Luosto 1976). Above 2Hz the noise levels during night at working days were
comparable with daytime noise levels at the weekend. The difference in diurnal
variation of noise between working days and weekends is displayed in Fig. 2.

The percential variation of noise compared to average ground motion power
spectrum of the corresponding time period shows that during weekends the
diurnal variation is weak. Only a few hours during night have lower average
noise level. During working days there is a period of high noise level between
7am and 7pm local time.

time [hour]

0 5 10 15

frequency [Hz] variation of noise [%.

time [hour]

0 5 10 15
frequency [Hz]

Figure 2. a) Diurnal variation of noise at 2 weekends, 28.-29. May 1994 and 18.-
19. June 1994. b) Diurnal variation of noise during working days of one week,
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23.-27. May 1994. The gray shades imply percential variation of noise. The time
is GMT (local time = GMT+3).
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Figure 3. FINESS noise correlations versus interstation separation in meters for
frequency bands 1.5Hz-2.0Hz (a) and 3.0Hz-4.0Hz (b). The frequency bands were
obtained by filtering the data with very sharp finite impulse response low- and
highpass filters with 255 coefficients.
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3. Spatial characteristics of FINESS noise

The spatial noise characteristics have an important role in tuning the
beamforming processes of an array. In theory the beamforming suppresses the

incoherent noise by factor NV 2 where N is number of substations, but different
array configurations may give extra suppression in some frequency ranges. To
show this cross-correlations of noise samples as function of intersensor distance
were computed. The correlations have been computed with zero lag between all
substations.The results show that different frequencies have minimum at
different intersensor distances (Fig. 3). At frequency band from 1.5 to 2.0 Hz the
minimum is at 1380m. At band from 3 to 4 Hz it is at 600m. The higher the
frequency is, the shorter is the optimum distance of sensors.

0 1 | s

Noise suppression FINESS Week 21/1994

210 L

Noise suppression [dB]

)
[
S

T T

0 5 10 15 20
Frequency [Hz]

Figure 4. The noise suppression spectra computed every hour on week 21 this
year for the whole array. The theoretical line 12.04 of noise suppression for 16
sensors is marked on the pictures.

Further, the noise suppression spectra were computed for different sensor
configurations to reveal optimum arrangements for different frequency bands.
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The noise suppression was computed as ratio of the beam power spectrum B(f)
and the average of the spectra of all sensors M(f) (Mykkeltveit et al. 1990).

SUPP (f) = 10logS (f) = 10logB (f) - 10logM (f)

In Fig. 4 there is an example of noise suppression spectra. The noise
suppression goes clearly below the theoretical line between 2Hz to 5Hz, which is
important area in detecting local and regional phases. Extra suppression can be
gained by selecting subsets of sensors which have different average intersensor
distances, though smaller number of sensors weakens the noise suppression at
most of the frequency range.

Similar noise suppression spectra were- computed with different array
subconfigurations. Part of the sensors were omitted to produce subarrays with
different average intersensor distances. The 6 instruments of C-ring with A0 at
the center give strongest noise suppression below 1.8Hz. From this point to
2.7Hz the sensors of A- and C-rings give best results. At higher frequencies the
whole array has strongest noise suppression. These results can be used for
selecting more efficient array configurations for beamforming in the detector
system of the array.

Suppression dB
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Figure 5. Maximum noise suppression for each hour of the week 21/1994. Theo-
retical level of noise suppression with 16 substations is marked in the picture.
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Figure 6. Azimuthal distribution of low velocity (<3.0km/h) detections from Jan-



uary to August-1994. a) Detections with coherency<0.5. b) Detections with coher-
ency>0.5.

Some diurnal variation was observed in noise suppression levels, when
maximum noise suppression from the whole frequency range was computed for
one week (Fig 5.) At weekend the diurnal variation is weak. At working days
both the noise suppression and the variation are much stronger. The noise
suppression is stronger during working hours and it has sudden drop at
midnight local time.

4. Noise detections

Human activity in the vicinity of the array has a significant role in temporal
noise variations. The sources of short-term alterations in the seismic noise levels
were examined by analysing the output of detector system. The noise bursts
were separated from S-phases by using velocity. All detections with velocity
below 3.0 km/h were collected from January to August 1994.

Two directions seemed to dominate the azimuth distribution of the
detections. When the detections were divided into 2 groups according to
coherency, it was found that, most of the detections from west had coherency
below 0.5. (Fig. 6a) And most of the low velocity detections from northeast had
coherency below 0.5. (Fig.6b)

When temporal distributions of detections from these directions were
studied, it was found that most of the detections from West came during winter.
It is possible that frost has amplified these bursts of noise during winter. The
detections from northeasterly direction were made in February and during
spring and summer. It seems that activity causing detections from this direction
is not continuous. The diurnal variation showed that most of the detection were
made at night. The STA/LTA ratio of the detections was relatively low so it is
possible that during daytime these noise sources are embedded by cultural
noise.

‘5. Discussion and conclusions.

The technical upgrade has strongly improved the quality of data. In the
previous instalment older amplifiers and analogous line transfer caused
instrumental noise, which varied from substation to substation. Now the data is
uniform and average level of instrumental noise is lower.

The diurnal variation is strong during working days as expected. The
difference between weekends and working days is significant. During weekends
only a period of few hours after midnight local time has significantly lower noise
level. The peak in noise level is in the afternoon. These characteristics suggest
that most of the diurnal variation is caused by traffic during weekends. During
working days there is a clear period of high noise level between 7am and 7pm
local time. It is attributed both to industrial activity and heavy traffic during
working hours. These diurnal alterations in noise levels are seen mostly above
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2Hz. Below 1Hz diurnal variation is not observable.

In processing of array data beamforming is used for suppressing incoherent
noise. Therefore, the FINESS array has superior detecting and locating
capability compared to single three-component substation (Tarvainen 1994). The
study of spatial noise characteristics by computing cross-correlations as a
function of intersensor distance showed that some extra noise suppression
compared to theoretical level can be gained. Subconfigurations of array with
different average intersensor distances gave extra noise suppression in some
frequency ranges though smaller number of substations reduced the
suppression of incoherent noise in beamforming at most frequencies. The
forming of noise suppression spectra with different array configurations
confirmed these results. The capabilities of the detector system can be improved
by selecting optimum array configurations for beams according to nature of
phases that are sought after.

The noise detection were identified using velocity. When detections with
velocity below 3.0km/h were studied, it was found that two narrow sectors
dominated the azimuth distribution of these detections. The centres of these
sectors were at 272° and 332°. In northerly directions there are 3 seismic
stations from 70 to 120km from FINESS, but none of them have detected these
bursts of noise. We think these detections are caused by some small scale
industrial activity relatively close to the array. Also traffic has been considered
as a possible source of these bursts of noise but the narrow azimuth
distributions and  temporal distributio?. of the detections do not support this
theory. Excessive sources of low velocity noise bursts are not uncommon in
vicinity of seismic stations in populated areas see e.g. Kvaerna (1990). Since
these detections are weak, have low velocity and very sharp azimuthal
distribution they are not harmful in the location process.
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THE NATURE OF SEISMOACOUSTICAL NOISE AND OF THE EVENTS
REGISTERED BY OCEAN BOTTOM SEISMOGRAPHS

S.A.Boldyrev, S.M.Zverev
(Institute of Physics of the Earth, RAS, Moscow)

Abstract

General results of OBS seismological observations, undertaken by IPE,
are discussed. The specific features of bottom background nois, observed
by OBS in frequency range 3-25 Hz, are effected by the influence of bottom
currents, and by the presence of hydro-acoustical waves in OBS
records.Some attempts are suggested to promote the effectivity the OBS
observations, and to use its results for seismoacustical monitoring of
nearbottom processes (water currents, volcanism, hydrotermal vents and
so on) and to use earthquake T-phase for theoretical and applied studies of
World Ocean.

The oceanic researches using ocean bottom seismographs (OBS) need
great organizing efforts and expenses. At the same time, numerous
experiments with OBS have already given vast information wich are not used
enough now. In the present report, an attempt is made to get a summary and
to obtain a quantitative estimate of the contribution of various sources in the
_generation of noise back-grounds registered on different oceanic structures
from the point of view of the improvement the efficiency of marine deep
seismic survey and seismological studies. The typical disturbancies are
discussed here along with the methods of their analysis. However, numerous
phenomena of the OBS records are still unapparent for our perception
because they appear to be beyond the frames of the events expected. We
can suggest that it would be possible to find out an explanation, at least for
several phenomena, if we enlarge the circle of problems which is being to
solve with the OBS data and if we appeal to scientists of adjacent
specialities for discussing the problems close to marine seismology.

Since 1970, the Institute of Physics of the Earth (IPE), Russian
Academy of Sciences, carrieys out investigations with the OBS of its own
design which allows one to register oscillations in a range of 3 to 25 Hz.
During these 20 years, observations were held in almost 350 points of the
World Ocean, with total duration exceeding 30 000 hours, mostly aimed for
seismic waves observation from explosive and airgun sources by deep
seismic sounding experiments. The list of publications with some results of
this experiments is given at the end of article.

The influence of currents and hydroacoustical oscillations are the main
conditions that the OBS work under. The most intense low-frequency
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Fig.1 Seafloor noise (vertical component) spectra for the OBS-
experiments of IPE and generalized world-ocean spectrum -
maximal (1), average (2) and minimal (3) level [Ostrovsky,
1982]. Dubbled line shows the relative spectrum of disturbances
generated by the bottom currents (IPE-data).
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background disturbancies in the records of the OBS of our Institute design
were induced by sea currents. Fig.1 shows a generalized spectrum of the
oceanic bottom noise (Ostrovsky, 1982) in comparison with the averaged
noise spectrum after our data as well as a relative spectrum of random
noises emerging due to the currents taking place near the bottom. With
the increasing frequency from 3 till 15 Hz, the intensity abates up to 30 dB
per octave. The main contribution is brought by the periodic
disturbances which are probability dependent on the phases of lunar-solar
tides. The absence or abnormally small thickness of sediments may be an
evidence of strong near-bottom currents. In tectonically activated zones, for
example Roo Rise (Fig.2), large earthquakes may cause near-bottom flows
accompanying landslides in soft sediments on the slopes of oceanic
hottom along with the background disturbances of a kind that is shown in
Fig.3 (type B). .

Submarine earthquakes, as well as the P- and S-waves, often generate
hydroacoustical oscillations (T-phase). Due to them, the duration of the OBS
records exceeds the duration of the similar records on land. The duration
depends in turn on the energy of the source and on the epicentral
distance,the topographic features of the bottom in the area of origination and
propagation of the signal.

In 1979, more than 1000 earthquakes were registered with OBS within
the 2000-km radius area in the Roo Rise during 170 hours of observation
(Fig.2). Many of these shocks generated intense hydroacoustical
oscillations. The ratio of time, then signal exceed the fixed amplitude
level,to the common time of observation (the R-parameter) was calculated for
a series of two-hours temporal intervals that the observational period was
divided into. The earthquake waves caused the bottom vibrations with
frequencies up to 15 Hz whose amplitudes A exceeded 5 nm in average
during 5 minutes (R=0.03, on Figure 3) while being more than 50 nm during
approximately 15 seconds (R=0.002).

The dependence of the mean value of the R parameter on the intensity
of seismic pulses, R(E), for frequencies of 8 and 15 Hz at the OBS site is
shown in Fig.4. Within a broad dynamical range, ten to thousand nm/s, the
alteration rate of the R parameter appeare to be inversely proportional to
the amplitude logarithm, dR=0,5/dIgE. The values of R(E) for the range of
small E values where R=1 represent the noise level generated by local
earthquakes. For the frequencies of 8 and 15 Hz, these values were equal to
3 and 5 nm/s, respectively, i.e. they coincide approximately with the mean
value of seismic noise at the bottom. As for the signal structure recorded
with a vertical seismograph in the Roo Rise, the T-phase, due to its long
duration, constitutes up to 80% of the energy of oscillations registered.
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epicenters of accompaning shocks are situated in the central

rise of the Gabon Fault MAR - in a necvolcanic zone.
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The high seismic activity of the Roo Rise, especially in its eastern part
(Fig.2), and the steepness of its slopes may evidence of intense recent
vertical movements within this region. The observation with the OBS
reflects not only the seismological aspect of the tectonic evolution of those
structures but also the concurrent hydrological effects which we should take
into account when the registering station instaliation. Under similar
conditions, it is useful to consider the high-frequency range (f>15 Hz) when
seismic studies with the controlled sources are made.

The frequency-temporal variations of the random noise registered near the
neovolcanic morphostructures of Gabon foult (Mid-Atlantic Ridge) and their
interconnection with the seismoacoustical waves from local earthquakes
(Fig.6) are similar, in many respects, to the properties of seismic fenomena
which accompany the activation of subaerial volcanic areas. The largest
earthquakes precede the disturbances of the background and the alteration of
its frequency composition. We assume, that it is possible to identify the nature
of the random noise with the OBS groups to determine their source locations,
and to estimate quantitatively the development and energy of the
generating processes (particularly, those of submarine volcanoes and
hydrotherms).

The peculiarities of oceanic hydroacoustical wave propagation constitute
one of the main problems of the applied knowledge, and at a low-frequency
range (less than 100 Hz), earthquakes seem to be unique sources of
intense oscillations. The ocean water is virtually transparent for sound and
the hydroacoustic oscillations propagate at long distances without noticeable
attenuation. That is why the spectral-and-temporal features of the T-phase
records, which emerge while the propagation of P-waves, could determine the
peculiarities of the sound transformation in the bottom rocks and the
dissipative properties of the lithosphere. The T-phase recording data can
be used for the energy estimation of the earthquake sources and for the
determination of frequency-dependent attenuation of the P-waves at the
generation region of the hydroacoustical oscillations.

The peculiarities of the T-phase variation recorded by an OBS group at
the epicentral distances more than 5000 km can reflect the generation and
propagation conditions of the hydroacoustical oscillations.Some example is
shown on Fig.8 where the experimental records are supplied by the
theoretical curves 1 and 2, calculated for the cases when T-phase generated
on several bottom features (see Fig.7). The times, shapes and intensities of
hydroacoustic oscillation radiation in morphostructures of South Atlantic are
estimated by the supposition that the coefficient of compression wave
transformation from solid into a liquid is similar in both these areas. The
rear front of the T-phase pulse appears as an exponent, A(t)/A(T)=exp[k(t-
T)l. The factor "k" is equal to -0.014 and does not depend on frequency in
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the range of 2 to 25 Hz. It may reflect the medium quality (Q) in an epicentral
area.

In the diagrams of Fig.9, there is shown the variation of the T-phase level
and of the background unperturbed at two frequency components for the
records of stations with different depths of installation, when the wave
paths to several stations being intersecting the submarine ridge. The
intensity variations of 2-20 Hz T-phase maxima and those of background
correlate with the floor topography: amplitudes of both the hydroacoustic
oscillations and microseismic noise increase with the elevation of floor relief
(Fig.9). It allows us to suppose that the noise in frequency band studied is
composed by the hydroacoustic oscillations of various origin, and its intensity
depends on the nearness of a receiver to the submarine sound channel.
This regularity is seen on the background of a screening influence of the
Mid-Atlantic Ridge: in the right-hand branch of the graph (Fig.10) the T-
phase levels vary considerably relative to those of the background
contrasting with the rays crossing the MAR where the T-phase intensities
are weakly differentiated. The crest areas of the MAR manifest their selves
in a kind of scattering sound that may depend not solely on the complex
topography of the sea floor but also on the temperature inhomogeneities
of sea water above the MAR rift zone and its neovoicanic features. The
definite similarity of the T-phase and noise background in the South Atlantics
suggests that the seismic background at the bottom is formed due to a
combination of the shipping noises, storm microseisms, and
seismoacoustical random noises propagating in a fluid medium.

Waves of submarine earthquakes contribute considerably to  the
formation of the noise background, however, the minimum level of the
seismic noise is lower in many cases than the level of oceanic own noise,
and only signals from individual large earthquakes exceed this background.
The studies of the bottom regions where the high efficiency in the
transformation of the bottom vibrations into the hydroacoustical oscillations
take place, is important not only from the point of view of comparative
seismicity. It is noticed that the essential share of the oceanic shipping
noises get into the sound channel due to scattering sounds by the bottom, like
when the T-phase generation. Since the bottom can disturb itself on a large
area during earthquakes, we can try to solve the problem of the estimation of
the shipping contribution in oceanic noises with taking into account that the
low-frequency noises come together from some thousand-kilometer environs.

677



The main. results of earthquakes investigation by means OBS of
the Institute of Physics of the Earth RAS published on the next
articles (in Russian):

1.Boldyrev S.A., Spirin A.l., 1980. Study to South-Kuril earth-
quakes by ocean-bottom seismic stations// Vulcanologia i seis-
mologia, No.5, P.48-60

2.Boldyrev S.A., 1981. An upper limit of sources in seismomofocal
zone of kuril-kamchatka earthquakes// Isvestiya AN USSR, Fizika
Zemly, N.4, P.25-32.

3.Boldyrev S.A., Kadykov |.F. 1983. Seismometric observations in
the Indian Ocean by means of ocean-bottorn seismograph//in:
S.A.Boldyrev & S.M.Zverev (Eds.) Seismologicheskie issledovaniya
Mirovogo okeana, "Nauka", Moskow, P.134-149 '

3.Boldyrev S.A.(Ed.), 1989. Kuril seismological experiment 1988
(KURSE-88)//Yujno-Sahalinsk, 25 p

4.Boldyrev S.A., 1993. Bottom seismological observations at
Angola-Brazil geotraverse (South Atlantic)/ Vulkanologia i
seismologia, N 6, P.58-71.

5.Kosminskaya I.P.,Rykunov L.N. Krasil'schikova G.A., Mihota G.G,
Yarochevskaya G.A., 1977. Deep structure of earth's crust and
seismicity// In: V.V.Belousov (Ed.) Iceland and mid-oceanic
ridge. Structure of the bottom ocean. Moskow, "Nauka", P.50-73

6.Kadykov |.F.,1986. Acoustic of underwater earthquakes// Nauka,
Moskow, 126 pp

7.Karp B.Ya., Boldyrev S.A.,1990. Soviet-Japan geophysical experi-
ment 1990//Izvestiya AN USSR, Fizika Zemli, N.6, P.107-108

8.Zverev S.M, Akimov G.N., Novikov V.S. et al.,1978. Instruments
for depth-seismic sounding and investigations of local earth-
quakes. In: Z.1. Aranovich (Editor) "Seismicheskie pribory",
No.11, Nauka, Moskow, P.75-78

9.Zverev S M., Yaroshevskaya G.A., Tulina Yu.V. et al., 1986.
Deep-seismic sounding the undercrust lithosphere of South
Atlantic// Doklady AN SSSR, 289, No.2, P.322-327

10.Zverev S.M.(Ed), 1988. Autonomous bottom seismical apparatus//
VINITI, N.6857-B88, Moskow, 174 p.
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Resume

General results of OBS seismological observations, undertaken by
IPE, are discussed.

The specific features of bottom background nois, observed by OBS in
frequency range 3-25 Hz, are effected by the influence of bottom
currents, and by the presence of hydroacoustical waves in OBS records.

Some attempts are suggested to promote the effectivity the OBS
observations, and to use its results for seismoacustical monitoring of
nearbottom processes (water currents, volcanism, hydrotermal vents and
so on) and to use earthquake T-phase for theoretical and applied studies of
World Ocean.

Conclusion.

The main aim to ctudy an OBS background noise we suppose to
creation the data bank, containing the data about frequency components,
intencities, polarization of noise oscilations. Statistical analisys of noise
space-temporal variations allow to try the zonning of ocean bottom to find he
best places and times for OBS deployment, and to choose the optimal
frequency band for the artifition sourses seismic experiments. The study of
interrelations of the bottom noise parameters variations with the
geomorphological, geological, hydrological, climatic and another fenomena
allow to estimate the possible sourses of bottom noises, and to extend the
possibility to use the noise for the theoretical and appliad investigations the
seismoacoustical waves propagation in the real media.
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PRIMARY AND SECONDARY MICROSEISMS FORMED OFF THE
COAST OF NORWAY.

Jack Darbyshire

Unit for Coastal and Estuarine Studies, Marine Science Laboratories
Menai Bridge, U.K.

Abstract.

Large microseisms of the primary kind with the same frequency as the
sea wave frequency and the secondary type with double the sea wave
frequency have been recorded by various workers off the coast of Norway.
Secondary microseisms can only be formed by the interference of of sea
waves moving in opposite directions and in most of the cases cited, this
could only have been brought about by coastal reflection. It is difficult
to see how this can come about with a severely indented coast like that of
Norway. A previous investigation has shown that though the coast is
indented, the continental shelf edge is much more regular and reflection is
possible here. This work is summarized in this paper and an alternative
approach to estimate the microseism activity is suggested which is easier
to use when dealing with coastal generation.

Primary microseisms do not need wave reflection but depend on the sea
wave activity being very large over a small area and there is then an
analogy with a pulse in time,with the wave number spectrum rather than the
frequency spectrum being spread over a wide range which can encompass that
of the ground seismic wave with the same frequency as the sea wave. An
investigation along these lines shows that this effect is much more marked
with the narrow steep shelf off the coast of Norway than with the broader
shelf off the coasts of the British Isles.

1.Introduction.

Large microseisms of the primary kind with the same frequency as the
incident waves and the secondary type with double the wave frequency have
been recorded off the coast of Scandinavia by various authors, e.g.
Tabulevich et al. (1990) and Bath et al (1987). Secondary microseisms can
only be formed by the interference of sea waves moving in opposite
directions as shown by Longuet-Higgins (1950). In most of the cases cited
this could only have been brought about by coastal reflection. At first
sight, it is difficult to see how such magnitudes could be obtained with
such an indented coast. A previous investigation by Darbyshire (1992) has
shown, however,that the continental shelf contours for Norway, are much
more regular and involve a very steep gradient so that reflection is
possible. The work is summarized in this paper but an alternative approach
is made to calculate the microseismic activity which is easier to apply
when dealing with coastal wave interference.

Primary microseisms do not need wave reflection but depend on the sea
wave activity being appreciable only over a small area. In this case there
is an analogy with a pulse in the time domain with the wave number spectrum
rather than the frequency spectrum being spread over a wide range which can
encompass the wave number corresponding to the ground seismic wave
corresponding to the frequency of the sea wave.
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An investigation on these lines shows that this effect is much more
marked over the narrow and steep continental shelf off Norway than is the
case with the broader shelf off the British Isles.

2a. Secondary microseisms.

This part of the work has been described in more detail by Darbyshire
(1992). Tabulevich et al. (1990) have shown sets of microseisms for 21-28
October 1983 recorded at many stations ranging from near the coast of
Norway to 3000 km. away. They all showed similar characteristics, having a
dominant period of about 7 s. By an analytical method, they were able to
Jocate three sources which acted at different times but the first two were
situated off the coast of Norway.

It was decided to investigate further and hindcast the wave directional
spectra off the Norwegian coast and off the Scottish coast as shown by the
squares of 300 km. side in Figure 1. For the southern square off the
Norwegian coast, all the wave energy within directions 292.5° to 277.5°
were taken and half the values for 315° to 277.5° and 270° to 255° and for
the two northern sguares the full value for 315° to 300° and half for
337.5° to 322.5° and 292.5° to 277.5°. For the Scottish coast, the straight
sum of the values for 292.5° to 277.5° and 270° to 255° were taken. The
energies for each period within these direction ranges were squared over
the period interval desired. In the first instance only energies
corresponding to periods higher than 14 seconds were considered. The values
for the Scottish square and the sum of the values for the Norwegian squares
are shown in Figure 2 for 22-27 October 1983 as well as the energy values
for over 7 second period for the microseisms recorded at Menai Bridge,
North Wales. There is a clear correspondence between the three sets,all
showing two peaks of maximum activity. The activity off Norway is the more
dominant at the first peak at 22-23 October whilst the activity off the
Scottish coast is more dominant at 25-26 October. These results could be
related to two storms at 23 and 25 October when the first gave strong winds
off the Norwegian coast and the second strong winds off the Scottish coast.
As would be expected, the microseisms recorded in North Wales, agreed
better with the wave activity off Scotland but the first storm had an
appreciable effect.

It was next decided to sum up all the energy square values for the
three squares off Norway,take the square root and compare the results with
the observatons given by Tabulevich et al (1990), for Pulkovo and Obinisk.
These two sites were roughly equidistant from the Norwegian coast and and
showed approximately equal amplitudes. The results are compared in Figure
3. The wave values have been scaled to match the observed microseism
values. There is good agreement, both sets showing two maxima which are
within six hours of each other.

The results shown in Figures 2 and 3 leave no doubt that the microseisms
were generated off the coast of Norway. A detailed analysis of the three -
dimensional wave spectra over a large area of the North Atlantic failed to
show the presence of any wave activity moving in opposite directions and so
the microseisms must have been caused by coastal reflection.

At first sight it is difficult to see how waves can be reflected off
such a severely indented coast as that of Norway. An examination of the
shelf characteristics, however, shows that off the land, the contour Tines
are much more regular and there is a very steep gradient beteen the
contours. The contour lines for 30 and 200 metres are shown in Figure 4 and

681



are seen to be almost parallel to each other and to the general drift of
the coast for for a large distance. '

The reflection coefficient can be calculated by extending Lamb's
formula (1932) for the case of a waves propagating over a discontinuity in
depth, to the case of a continuously varying depth. It turns out that if x
is the distance travelled by the waves from a region of constant or very
large depth, c the wave velocity and k the wave number at that point, after
having traversed a total distance 1 the reflection coefficient is given by

1
R= ‘[0 exp(2kix)(1/2c)(dc/dx)dx (1)

This integral can be evaluated numerically from the bathymetric charts. The
calculation was done along two transits D and C starting at 17 km. off
the shore. The transit lines are within the areas of wave hindcasting. The
reflection coefficients varied from 0.25 for 20 s. waves to 0.37 for 14s.
waves for transit C, and for the same periods from 0.13 to 0.26 for transit
D. It was decided that an overall value of 0.20 would be acceptable.

It was then possible to use the formula given by Longuet-Higgins,(1950)
for microseisms caused by coastal reflection. We have

52/2=[1.02x10-15(\/r).3a R2/4]/(dT.d ) (2)

where 62/2 m2 is the variance of the microseisms, a2/2 m2 is the variance
of the sea waves, R the reflection coefficient, A. is the area of microseim
generation , r the distance of the generating area from the point of
measurement, d& the angle range and dT the period range used in calculating

the wave components. ¢
For 23 October, 1983, za2/4 was 1.5 m, r= 1.7 x 10° m. (for Pulkovo

and Obinisk),dT= 2s. and dO=n/8.
Hence 52/2=11.4 x 10-22R2 (3)

Savarenski et al (1961) gave an experimental distance decay factor ,‘;\of 7
x 10-7 m~1 for amplitude and this has to be doubled for energy. Thus using
this for a distance of 1700 km.

52/2=10.55 x 10-23 R2 (4)

The area of generation is difficult to estimate. As all the values for
the three squares have been added up, only the area of one square can be
taken into account. There may be, however,some effect due to the squares
seaward of these. It was decided as a conservative estimate to take

= 90000 km2., then taking R as 0.2

52/2=3.798 x 10-13 m2 (5)

Hence the standard deviation is
0/2=0.616 u (6)

The significant height would be 342 times this and = 2.613 p. This

somewhat lower than the value given in the previous paper. It is rather Tow
but is of the right order of magnitude.
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2b. An alternative approach to secondary microseisms.

An alternative approach to the calculation of coastal microseism
intensity was suggested by Darbyshire and Okeke (1969),following
Hasselmann.(1963) but applied when the depth is Tless than 1000m. This
considers that for a case where we have interference of waves moving in
opposite directions but with a slightly different period, there could be
formed a long wave with the same wavelength as the ground Rayleigh wave
with the mean wave period value. In the two-dimensional case, the vector
wave number difference can have any direction so the ground wave activity
created will be isotropic. These waves can then supply energy to the
ground waves which will then increase until the energy intake is balanced
by the attenuation due to damping. The coupling between the waves would not
be a close one as sea waves are not self-coherent over large distances.
They are in fact only highly auto-correlated over a length Lg which is of
the order of two or three wavelengths. The waves in these small lengths can
be considered as acting independently and if the fetch is F there would be
F/Lg such contributions to the ground wave energy.

The wave, activity is contained between wave periods T: and T2 and
angles 0+ andP2 and the angular range is considered small enough for all
the waves to be reflected equally.

It is possible to obtain a steady state solution to this interaction
and it is assumed that this state is reached for the distances normally
dealt with.

With these assumptions one can obtain a formula for the microseism
variance. It has the advantage that it only requires the wave intensity at
and the length of the coastal generating area along the coast.

1 T1
52= b3 z 0.0028 R2[P(T,0]2.2¢ (km.s) (7)

2 T2
where P[T,0] 1is the ( wave energy)2 contained within the period and
direction intervals. In the case considered these were 2s. and 223°. ¢ is
the angle subtended by the affected «coastline at the point of
measurement,in radians, and was m/4 in this case.

Thus
362=0.0028 x .5x10-12x1.57 = 2.198x10-15R2 (8)
If R = 0.2, and the attenuation due to distance is .092 for a distance of
1700 km. then
362=8.088x10-18 km2 = 8.088x 10-12 m2 (9)
Hence the standard deviation 6/42 =2.84 .
The significant wave height would be 342 of this = 12.04p.

This value is rather higher than the observed value of 9u and shows

that a lower reflection coefficient would have been sufficient.

0=

3. Primary Microseisms.

Various investigators,such as Bath and Kulhanek, (1987), Ostrovski and
Korhonen (1990) have published results indicating the presence of strong
primary microseisms in Scandinavia. Bath and Kulhdnek cite one instance
where the primary peak on the spectrum is bigger than the secondary one. On
the contrary, in Great Britain, as shown by Hinde and Hatley (1965),
Darbyshire and Okeke, (1969) and Darbyshire (1990), the primary activity is
very low,being barely above background level, the spectral energy values
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being about 50 to 100 times less than the secondary ones

Some understanding of this effect can be obtained if we investigate the
mechanism by which these primary microseisms are formed. This has been done
by Darbyshire and Okeke (1969).In the secondary case, the long water wave
of the same length as the ground wave is caused by interference of waves
moving in opposite directions. A different mechanism occurs in the primary
case. Here the wave activity off the shore starts at zero at the water-
line, increases up to the breaker point and then vanishes more slowly as
the bottom pressure dininished with increasing depth, being negligible at a
depth of half a wavelength. The wave activity at the bottom is thus
concentrated within a 1limited distance and we have the case of an
interrupted sine wave, where the smaller the distance involved, the wider
the resulting spectrum. Thus due to this effect there could be an
appreciable amount of energy at the wave number corresponding to the ground
wave.
" In this case, the parent wave and the ground wave have the same
direction and it is assumed that the pressure function is given by:

p/(g w)=(exp-ax)cos(ot+kox) for x>0 (10)
and =(1+x/d){cos(ot+ kox)} for -d<x<0

where ko is the sea wave number, d is the width of the breaking zone and
a=n/d2 where d2 is the distance from the breaking point to the point where
the depth is more than half a wavelength. The point of breaking is taken to
be the origin.

If a is <<1/d then as shown by Darbvshire and Okeke (1969)

Sm(0)=0.052(1-coskod)d-Tko-4a2g2 W2 S-2 S4(0) (km,s,units) (11)
where Su(o) represents the microseism energy per unit frequency and Sw(0)
represents the wave energy per unit freguency.

Sw(o) varies from 0 to 2, depending on the value of ko and d and its

mean value is:
SM(0)=0.052d_1k0_40292(Fw/?S)25w(0) (km,s,units) (12)

In the case of the Norwegian coast, values of a can be found from
Figure 3 and the steepness of the coast leads to relatively high primary
microseism activity. ko the wave number depends on the period and the depth
but as most of the pressure effect is concentrated near the breaking
point,a close approximation can be obtained by using the value of ko at the
breaking point.

This equals 2n/{T.J(gh)} where h is the depth at breaking.
Then we have:

Sm(0)=3.33 x 10-5 T4g4h2a2(§wAps)ZSw(o) (km,s,units) (13)
Table 1 shows the results for the coast of Norway.
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Table 1
Ratio of primary microseism variance to wave variance.
. for the coast of Norway

Period (s) a (km-1) di (km) Sm(o)/Sw(o)x10
2 39.26 0.1 2.85
3 18.47 0.1 5.08
4 8.06 0.1 2.38
5 5.82 0.1 3.09
6 3.79 0.1 2.65
7 3.21 0.1 3.86
8 2.14 0.1 2.98
9 1.60 0.1 2.86

10 1.40 0.1 3.59
11 1.37 0.1 5.51
12 1.31 0.1 7.78
13 1.28 0.1 11.10
14 1.16 0.1 13.08
15. 0.98 0.1 12.98
16 0.85 0.1 13.28
17 0.63 0.1 9.51
18 0.38 0.1 4.40
19 0.30 0.1 3.66
20 0.25 0.1 3.26

Table 2 shows the coresponding results for the area south west of Cornwall.

Table 2
Ratio of primary microseism activity to wave activity
for the western approaches.

Period ax102 (km-1) d Sm(0)/Sw(o)x10
2 628 0.1 38.58
3 314 0.1 53.25
4 105 0.1 19.91
5 39 0.1 7.97
6 20 0.1 4.86
7 9.5 0.1 2.44
8 1.89 0.1 0.186
9 1.23 0.1 0.141

10 1.1 0.1 0.195
11 1.05 0.1 0.281
12 0.99 0.1 0.391
13 0.99 0.1 0.583
14 0.90 0.1 0.688
15 0.90 0.1 0.971
16 0.90 0.1 1.342
17 0.90 0.1 1.817
18 0.90 0.1 2.418
19 0.90 0.1 3.169
20 0.79 0.1 3.135
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The values in Table 2 are three orders of magnitude less than those in
Table 1. The formula does not work too well here because there is no
uniform gradient throughout but a smaller gradient followed by a steep one
as the edge of the shelf is reached. The distances dz involved here are are
bigger and more 1ikely to have reached the steady state than those in Table
1. However, the results do show that primary activity should be
considerably greater off the «coast of 'Norway than in the western
approaches.

4.cbnclusions.
The nature of the depth contours and gradients off the coast of
Norway can explain both the large secondary microseism activity and the
appreciable primary activity which has been observed in Scandinavia.
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Synthetic. Amplitude-Distance Curves of the Earth’'s
Mantle P Waves

v. Cerveny, J. Jansky

Institute of Geophysics, Charles University, Prague
Ke Karlovu 3, 121 16 Praha 2, Czech Republic

Abstract

The synthetic amplitude-distance curves of P waves for the
PREM and IASP91 models of the Earth's mantle are studied. The
amplitudes are taken from synthetic seismograms, computed by
the WKBJ method. This method allows to atribute various pecu-
Tarities of the amplitude-distance curves under given conditi-
ons (e.g. source depth, source-time function) to the velocity-
—depth distribution of a given model and thus to contribute to
the better seismological understanding of the observed ampli-
tude—-distance curves. For a given model, the level and form of
amplitude-distance curves of P waves depend on various fac-—
tors, mainly on the depth of the source, on the prevailing
period of the source-time function and on the radiation
pattern. At certain range of epicentral distances, especially
for shallow sources, the amplitude-distance curves have an
oscillatory character. This oscillatory character is caused by
the interference of various upper mantle phases. The influence
of the mantle model, source depth, source-time function and
radiation pattern on the synthetic amplitude-distance curves
of vertical displacement of P waves is discussed.

Introduction

The synthetic amplitude-distance curves of seismic body wa-
ves propagating within the Earth's mantle have a rather com-
plicated character. They depend not only on the structure of
the mantle, but also on the characteristics of the source
(depth, source-time function, radiation pattern) and on the
recorded component of the seismic wave field (vertical,
horizontal, transverse).

In our paper, we shall study the synthetic amplitudes of
the vertical component of the displacement vector of P waves.
Under the amplitude of these waves, we shall understand
a maximum value of the vertical displacement component within
a specified time window of the length of D7, measured from the
effective first arrival. The time interval DT may be chosen in
various ways, so that the amplitudes can also depend on it.

Both the PREM and IASP91 models of the Earth’'s mantle that
we use in computations, represent the Tlayered structure, each
lTayer being defined by two neighbouring interfaces. Among many
types of P waves that propagate in such a structure, we will
consider only a selected group of elementary waves: the
refracted (direct) waves that propagate from the source to the
receiver without any reflection, and primary reflected waves
that propagate from the source to the receiver being only once
reflected upwards at its deepest point, i.e. at one of the
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model interfaces.

It is obvious that several elementary waves may arrive at
the receiver within the specified time window of the length
DT. For short source-time functions, these elementary waves
may be separated, at least partially. For longer source-time
functions, individual elementary waves are not separated and
form an interference group of waves. At different epicentral
distances the number of -interfering waves within the time
window under consideration may be different.

In this paper we compute and discuss the amplitude-distance
curves in the time domain. We compute the synthetic seismo-
grams of the interfering wave complex and measure the maxi-
mum displacement within the chosen time window from them.

The other possibility of computation of the amplitude-dis-
tance curves, i.e. the computation in the frequency domain,
has been extensively studied recently, see e.g. Duda et al.
(1989), Duda and VYanovskaya (1993). 1In our paper we do not
consider this approach.

The WKBJ method, see Chapman (1978), Dey-Sarkar and Chapman
(1978), Chapman et al. (1988), that we use for the computati-
ons, is very fast and efficient and its accuracy is usually
fairly high, see Chapman and Orcutt (1985). It is based on the
ray expansion of the complete wave field into elementary
waves. The complete WKBJ synthetic seismograms are calculated
as a superposition of synthetic seismograms corresponding to
individual elementary waves. The WKBJ method is especially
"suitable for computation in tasks of global dimensions, where
some . other methods, e.g. the method of finite differences, are
often not practically applicable.

i The amplitude-distance curves will be evaluated for
different source depths, different source-time functions and
radiation patterns. Such computations may contribute to the
better understanding of observed amplitude-distance curves.

Comparison of some synthetic and observed amplitude-distan-—
ce curves will be published in Cerveny and Jansky (1994).
Fairly good mutual similarity of their form has been found
there.

Approximation of the model and the travel times

In this paper, we shall consider the 1-D, radially symme-
tric models PREM and IASP91 of the Earth's mantle, see Dzie-
wonski and Anderson (1981) and Kennett and Engdahl (1991). The
relevant distributions of P wave velocity v within the mantle
are shown in Fig.1l. In the PREM model, the velocity was chan-
ged in the depth range 0-3 km to enable the continental crust
to be extended up to the surface.

The PREM mantle model contains four P-velocity interfaces
below the Mohoroviéic' discontinuity. They are situated at de-
pths of 220km, 400km, 670km and 2891km (core-mantle boundary).
The IASP91 mantle model contains three P-velocity interfaces
below the Mohoroviéic' discontinuity. They are situated at de-
pths of 410km, 660km and 2889km. Thus, the IASP91 mantle mo-
del contains one interface less. The lack of this interface is
compensated by a higher velocity gradient at corresponding
depth range. The mantle interfaces as well as the depth
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sections with increasing velocity gradient have an important
influence on the form of amplitude-distance curves.

The computation was done using the Earth Flattening
Approximation (EFA), see Miiller (1977). The relation

z = (-1/b)1In(v/a), (1)

where z denotes the depth, recomended in Chapman at al.(1988),
is used for the velocity-depth distribution between individual
grids.

In our computations, only elementary refracted and reflec-
ted waves are considered, i.e. we do not take in consideration
e.g. reflections and conversions of P wave in the crust, the
pP waves, etc. )

For PREM mantle
model, for sources
situated below the
Mohorovidic'discon-
tinuity but above
the first mantile
interface at 220km,
we obtain four ele-
mentary reflected
waves, reflected at

MANTLE DISCONTINUITIES individual mentio-

. 410KM G60KM 2889KM -----. IASP91 ned interfaces. Si-
milarly we obtain

four elementary re-
3 fracted waves with
1 e — S S — minima of the ray
500 1000 Deplggo(km) 2000 2500 3000 (.4 iated between
individual interfa-
Fig.1l The velocity-depth distribution of ces. Let us denote
P waves in the crust and mantle of the the reflected waves
PREM and IASP91 models. by Tletters R, and
the refracted (di-
rect) waves by letter D with an index which gives at what mo-
del Tayer the given wave bottoms.

For IASP91 mantle model, for sources situated below the Mo-
horovic¢ic' discontinuity, but above the first upper mantle in-
terface at 410km, we obtain three elementary reflected waves
and three elementary refracted waves.

For the source situated below some of the mantle interfa-
ces, certain of elementary waves do not exist. For example,
for model PREM and for a source situated at the depth of 700
km, only one reflected wave (R4=PcP)) and one refracted (di-
rect) wave (D4) exists.

Only waves that arrive in the first arrival or close to it,
depending on the 1length of source-time function and on the
chosen length DT of the time window under consideration, may
contribute to the resulting amplitude-distance curve of
P waves.

The reduced travel times of our elementary waves for the
models PREM and IASP91 and source depth of 33km (36km for
IASP91) and 500km are shown in Fig.2 for the epicentral dis-
tance range up to 5000 km. (The wave PcP, that belongs from

16.0 7

18.0 '
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our point of view among the P waves, is not shown, being out
of the chosen figure frame.) Starting from certain epicentral
distance that depends on the model and source depth (e.g. from
3400km for PREM and source depth 33km), the amplitude-distance
curve 1is formed practically by the wave D from the deepest
layer only. Due to the smooth and monotonous velocity—-depth
distribution in the deep mantle, the amplitude-distance curves
of P waves display there simple and regular behaviour up to
the beginning of the diffraction. For this reason, we

160 160
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Fig.2 The reduced travel times illustrate the influence of
the model and of the source depth on the P elementary waves.
a), b) - model PREM, c¢), d) - model IASP91. D and R on Fig.2a
denote refracted (direct) and reflected waves respectively.
The indexes give the mantle 1layer, in which the given wave
branch (elementary wave) bottoms.

concentrate our attention to distances less than 4000km only
in further computations.

Interference effects among individual elementary waves will
play an important role mainly in such cases when at least two
elementary waves have amplitudes close to each other.

Computation of synthetic seismograms.

To evaluate the WKBJ synthetics, the computer program
WKBJ3 written by Chapman (version April 1981) 1is used. The
program 1is based on an efficient integration over the
horizontal slowness p. We supplemented the program WKBJ3 by
a wave attenuation algorithm, directional radiation pattern
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and convolution with the source-time function.

A point source, with a symmetric isotropic radiation pat-
tern, is considered in most of our computations in this paper,
with the exception of one part, where the double-couple radi-
ation pattern 1is considered. In all cases, we consider only
sources situated below the Mohorovi&ic' discontinuity.

The source time function used in our computations is repre-
sented by a Gabor signal

f(t) = exp[-(2nt/T)2/8%]cos(2nt/T+6), (2)

with three free parameters: T (prevailing period), & (initial
phase shift), and B (relative width of the signal). The Gabor
signal is non-causal, and for 6=0 it is symmetric with respect
to t=0. The computed travel time corresponds, by a definition,
to the maximum of the Gaussian envelope.

The dissipation effects corresponding to the quality fac-
tors Q@ of the PREM model are introduced into the synthetics
for both models in an approximate way, using multiplicative
factor exp(-wt*/T) for each ?1ementary wave. Here t* is given
by the relation t* =g Y(vQ) *ds, (v being the propagation velo-
city) and T is the prevailing period of the signal. The inte-
gral is evaluated along the ray of the elementary wave under
consideration, from the source s to the receiver r. The values
of v and Q, of course, vary along the ray.

+ 40007 . 100007
g PREM DT=20s D— g PREM
g Ro.oon g
g. T=56s ac b R1
g 20007 S 5000
.E ] da D1
o ] o
§ ] 213 E
0 07 n ] 07
2 ] T =
& n & ]
N VAL .
'8 -2000] ' a) g -5000] b)
% ] E 1 T=5s DT=20s
J g 4
s Dist=2050km h=33km ] Dist=1000km h=33km
- e — — —10000 4
400975 255 265 120 130 140
Time (s) Time (s)

Fig.3 a) Synthetic seismogram formed by the interference of 6
P elementary waves. The dashed lines show the position and si-
ze of the maximal displacement in the individual waves.

b) Synthetic seismogram formed by 2 P elementary waves
for time window DT=20s. The maximal displacement belongs to
the second impulse. For smaller DT, e.g. DT=10s the maximal
displacecement would be taken from the first impulse.

We shall now present two examples of synthetic seismograms.
We shall consider the model PREM, a normal depth source (33
km), the source-time function (2) with the prevailing period
T=5s, the width B=4 and the initial phase shift &=0. The
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Tength of the time window DT=20s is used.

By first example, we demonstrate the situation in which the
individual elementary waves are not mutually separated and
“form an interference complex. We consider the receiver situa-
ted at the epicentral distance of 2050km. Three reflected wa-
waves Rl, R2, R3 and three refracted waves D1, D2, D3 arrive
at the receiver within the time window under consideration in.
this case, see Fig.2. The resulting synthetic seismogram is
presented on Fig.3a, where the position of the dashed 1lines
give the arrival times, and their lengths show the amplitudes
of vertical displacement of individual waves. We see that the
amplitudes are rather close to each other in this case.

The second example, see Fig.3b, demonstrates the influence
of the time window width. Different time window will produce
different maximal displacement.

Amplitude—-distance curves

In this section, we shall present the amplitude—-distance
curves of P waves for different situations and thus demonstra-
te the dependence of this curves on the model, source depth,
prevailing period of the source-time function and on the sour-
ce radiation pattern.

In all cases, the presented amplitudes correspond to the
vertical component of the displacement, and the vertical axes
in the figures display the decadic logarithm of the amplitu-
de, not the amplitude itself.

Influence of the model
Figure 4a shows the P amplitude-distance curves for models
PREM and IASP91 for the range of epicentral distances of 200
-4000km. Source depth is 33km (36km for IASP91), T=5s, DT=20s,
B=4 and &=0. The fast, but monotonous decrease of both curves
at short epicentral distances is followed by significant os-—
cillations at epicentral distances between 1000 and 3000km.

4.6 4.6

4.0 1 4.0 1

T=5s DT=20s T=5s h=500km DT=20s

100 centret Bist. ()0 00 100 tcentrey st ()0 000

Fig.4 Comparison of synthetic amplitude-distance curves for
models PREM and IASP91 for shallow a) and deep b) source.
The mutual differences tend to decrease with increasing source

depth.
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The oscillations are caused by interference of several ele-
s mentary waves (compare Fig.2).
’ Behind the epicentral distan-
1ASPS1  h=86km —— RESULT ce of about 3400km, only one
= refracted wave arrives inside
the time window of 20s, so
that the resulting amplitude-
-distance curves are smooth
there. The difference between
both amplitude-distance curves
is remarkable. It 1is caused
3.0 -7 mainly by the absence of the
discontinuity at the depth clo-
se to 200km in the IASP91 mo-
4000 del. The first oscillation for

model PREM at distance close to

4.0 1

1000 2000 0
Epicentral Dist. (kn??b

Fig.5 Contributions to the 1400km is due to the critical
IASPI91 amplitude-distance region of the wave reflected at
curve, produced by waves the 220km interface. The first
that bottom in individual oscillation for model IASP91 at
Tayers of the model. distance close to 1600km is due

to the velocity gradient incre-
ase at the depth of 120km.
Figure 4b shows again P amplitude-distance curves for the
PREM and IASP91 models, this time for the source depth 500km.
(T, DT, B, &§ are the same as in Fig.4a). Here the difference
between both curves is not so remarkable as in Fig.4a and the
number of oscillations is less because the number of generated
elementary waves is less for such source depth.
Figure 5 shows how the elementary waves that bottom in in-
dividual model Tlayers contribute to the resulting amplitude-
-distance curve for model IASP91, given on Fig.4a.

Influence of the source depth
To demonstrate the strong influence of the depth of the
source on the amplitude-distan-
ce curves, we present in Fig.6
the synthetic amplitude-distan-—
ce curves for three source
depths, namely for 33km, 300km
and 700km. The model is PREM,
T=5s, DT=20s, B=4 and &§=0. We
see the remarkable simplifica-
tion of synthetics with increa-
sing source depth, due to the
decrease of the number of gene-
rated and hence interfering wa-
ves. The waves D1, Rl do not

4.5

4.0 1

PREM DT=20s T=5s

] 1000 2000 00 2000 exist for source depth of 300km

Bptoenteal Dist. (m) and the waves D1, D2, D3, R1,

Fig.6 Synthetic amplitude- R2, R3 do not exist - for the
-distance curves for diffe- source depth of 700km.

rent source depth.
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Influence of the source-time function
The influence of the prevailing .period T of the source-
. -time function on the synthetic
----- T= 28 DT=108 P amplitude-distance curves for
i\ a) ——T= 8s DT=208 model PREM is demonstrated in
Fig.7a, where the periods T=2s
(DT=10s), T=5s (DT=20s) and
T=20s (DT=50s) are considered,
h=33km, B=4 and 6=0. We see
that the 1Tevel of amplitudes
depends on the prevailing peri-
od due to the frequency depen-
dent attenuation. In addition,
the situation 1in the interfe-
rence region is also frequency
1000 2000 " 3000 4000 dependent. The number of osci-
Bptoentral Dist. (m) lations increases with decrea-
45 sing period.

The influence of the prevai-
ling period T of the source-ti-
me function on the amplitude-
~distance curve for IASP91 mo-
del for T=2s and T7=5s is shown
on Fig.7b for the source depth
of 36km and on Fig.7c for the
source depth of 500km.

The influence of other sour-
ce-time function parameters,
like slightly different 8 or
1000 000" 3000 weo & in the Gabor signal, or the

Epicentral Dist. (km use of the Berlage signal (with
4.5 T the same prevailing period) on
\ 1<) JE— 1=2« vr=10s] the amplitude-distance curves
™ —T=6s DT=20s is less remarkable and is the-

* refore not given here.

4.5

4.0 4

4.0 1

4.0 1

Fig.7 Synthetic amplitude—dis-
tance curves for models PREM
a) and IASP91 b), c) for dif-
VN ferent prevailing periods T
IASPO1  h=500km T of the source-time function.
The osillations simplify with
woo ncreasing T.

2.8 -
mbonpicenﬁ'ilmm (hnagbo

Influence of directional radiation pattern

Additional complications in the amplitude-distance curves
may be caused by the directional radiation pattern of the
source. We shall give here only a simple example of this case,
using the double-couple radiation pattern. Such a'radiation
pattern 1is specified by several parameters, see Aki and
Richards (1980). For our computations, we have used fixed rake
(90°), strike (90°) and radiation azimuth (90°) and show only
the influence of two different dips, namely of 30° and .60°, on
the amplitude-distance curve. The moment value for the double-
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-couple radiation (the same for both dips) was chosen so that

the average level of the double-couple amplitude-distance cur-

ves agree approximatly with the level of the amplitude-distan-

ce curve for symmetric isotropic radiation. Both corresponding

amplitude-distance curves are

compared with the curve for sym-
metric isotropic radiation in

Fig.8. A1l +three curves are

computed for model PREM, T=5s,

DT=20s, B=4 and &=0.

4.5
4.0 1

Fig.8 Comparison of syn-
thetic amplitude-distance cur-
ves for symmetric isotropic ra-
diation and for double couple
T= 6s h=35km PREM M radiation pattern for two dips,
DT=20s namely  30° and 60°. The rake=
2.5 +— . =90°, strike=90° and azimuth=
wbgpicenuﬁ?b&st. (kngs’bo 00 =90° are the same for both dips

Conclusions

The computation of the amplitude-distance curves of P waves
for the PREM and IASP91 models of the Earth's mantle by the
WKBJ method has shown interesting results. It yields a 1ink
between various pecularities of the amplitude-distance curves
and the velocity-depth distribution at depths responsible for
these pecularities. In such a way, such computations increase
our physical understanding of observed amplitude-distance
curves.

The model structure, i.e. its velocity and Q-factor depth
distributions, predestinates the basic form of amplitude-dis-
tance curves. This 1is demonstrated on the PREM and IASP91
Earth's mantle models. Their velocity-depth distributions
differ significantly in the upper-most part of the mantle.
This difference results 1in the different form of their
amplitude-distance curves in the epicentral distance range up
to 3000km. On the contrary, both models are almost identical
for depths over 700km. This is reflected in practically iden-
tical amplitude-distance curves for epicentral distances over
3000 km, see Figs.l and 4a.

The shape of the amplitude-distance curves is also conside-
rably influenced by the source depth, prevailing period of the
source-time function and by the directional radiation pattern
of the source. The influence would be weaker for very simple
models, without dinterfaces and with gentle velocity gradient
decrease with depth (to prevent the generation of caustics).

Examples of amplitude-distance curves of P waves for deeper
sources show (Figs.4b, 6) that the amplitude-distance curves
for larger depth sources are considerably simpler than for
normal depth sources. The reason 1is that the number of
elementary waves, causing the interference oscillatory effects
in the amplitude-distance curves, 1is decreasing with the
increasing depth of the source.

The amplitude-distance curves of P waves depend also on the
source-time function, especially on its prevailing period.
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There are two effects related to the prevailing period. The
first effect is general, but smooth. For shorter periods, the
general level of amplitudes is Tlower due to the higher dissi-
pation. The second effect is 1limited to certain range of epi-
central distances, where the prevailing period of the source
time function influences strongly the existing mutual interfe-
rence of individual elementary waves and thereby the resulting
oscillatory character of the amplitude-distance curves. This
effect is most distinct for shallow sources and for epicentral
distances close to 1000km - 3000km, see Fig.7.

Complex directional radiation pattern of +the source can
strongly influence the form of amplitude-distance curves. This
is demonstrated in Fig.8, by changing the dip in the double-
-couple radiation pattern. Thus, the observed amplitude-dis-
tance curves for certain source regions can have their own
characteristic features if some prevailing source mechanism
exists there.
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ABSTRACT

The paper develops a concept for a new updated version of the "Manual of
Seismological Observatory Practice". It should reflect - besides the still operational
classical instrumentation and procedures - the significant technological and
methodological changes which have taken place In the field of seismological -
sensors, networks, data acquisition, storage, analysis and communication since
the last manual was published in 1979. It should be complemented by a concise
and coherent problem-oriented and motivating Introductory chapter on
observatory seismology, its scientific base and rationale, its goals and
requirements with respect to seismological research, seismic hazard assessment
and risk mitigation and current international projects such as ISOP, GSHAP et al..
The new manual should be complemented by a comprehensive index and by
annexes providing all needed basic aid materials and reference data such as
seismological tables and diagrams, algorithms and programs, typical "master
recordings” etc. The bulk of the new manual should not be printed as a book but
rather be organized as an on-line data base comprising job-oriented self-
explanatory data/instruction sheets, algorithms and programs with needed cross-
and literature references. Any user with Internet access could then browse
through it with key words given in the index. Others may request printouts so as to
compile for themselves an easy-to-update and task-oriented loose-leaf collection
of data/instruction sheets. Such a structure would enable expeditious upgrading,
authorization and compilation of the new manual step by step according to priority
needs as identified by IASPEL. It would also allow to better address and harmonize
the different needs of both the still analog "classical" and the "modern" digital
community without bothering about an all-comprising printed manual which might
become too bulky or unbalanced, take too long a time to complete and be to rigid
for quick updating in keeping with changing needs and practices.

INTRODUCTION

Both the Commission on Practice (CoP) of the International Association of
Seismology and Physics of the Earth's Interior (IASPEI) and a workshop
organized by the International Seismological Observing Period (ISOP) project
have identified recently an urgent need to produce a new edition of the
"Manual of Seismological Observatory Practice" (Willmore, 1979) since "...
Existing documents and publications are clearly inadequate to guide routine
ractice in the 1990s at seismological observatories acquiring digital data"
H3ergmann and Sipkin, 1993, Sipkin and Bormann, 1994). In view of this
CoP decided at its Wellington meeting in January 1994 to establish a new
Working Group on Manual of Seismological Observatory Practice chaired by
the author and G. Choy. The meeting of the European Seismological
Commission (ESC) in Athens in September 1994 was to be used for
establishing an initial membership of this Working Group and for presenting

first ideas on this matter at a workshop session.
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The paper analyses the contents and approach of the old manual with
respect to the current status, requirements and developments of observatory
seismology, identifies the main user groups who should benefit from the new
manual and proposes a list of contents, structure and ways of accessibility
to and presentation of the information contained in it. This concept will be
submitted to the XXI IUGG General Assembly in July 1995 for discussion
and agreement with a broader audience and, after approval, be realized in
close co-operation of the Manual WG with other working bodies of IASPEI
such as the Federation of Digital Seismograph Networks (FDSN), with the
IASPEI Commission on Practice and its Subcommissions on Seismogram
Analysis and Interpretation, Earthquake Size, Microseisms and Reporting
Standards and wigm) the ESC Subcommissions on Data Acquisition, Theory,
and Interpretation and Engineering Seismology, respectively.

Besides this, it will be indispensable for the success of such an
undertaking that it is carried out in close consultation and with active
support of the relevant international and regional seismological data centers.
One of them would need to be identified as being the most suitable one for
establishing, maintaining and continuously updating - under the guidance
and auspices of IASPEI - a manual data base which should allow for free on-
line access by any user.

ORIGIN, STRUCTURE AND CONTENTS OF THE OLD MANUAL

The last version of the "Manual of Seismological Observatory Practice",
edited by P.L. Willmore, was published as paperback Report SE-20 by the
World Data Center A for Solid Earth Geophysics in Boulder, USA, in
September 1979 and reprinted in 1982. The manual arose from a resolution
" of the United Nations Economic and Social Council. In response to it the
Committee for the Standardization of Seismographs and Seismograms of the
_ ﬁSPEI specified in 1963 the general requirements of such a manual as
ollows:

- To act as a guide for governments in setting up or running seismological
networks;

- To contain all necessary information on instrumentation and procedure so
as to enable stations to fulfil normal international and local functions;

- Not to contain any extensive account of the aims or methods of utilizing the
seismic data, as these were in the province of existing textbooks.

The first edition of the manual along these lines, with considerable
sections being already rewritten in the course of its preparation, was
Fublished in 1970 by the International Seismological Centre with the
inancial assistance of UNESCO. A sustained demand for copies and
suggestions for new material prompted the Commission on Practice of the
IASPEI in 1975 to decide the preparation of a second edition. It should also
ensure a balance of representation between major Eastern and Western
areas of practice. This resulted in the manual version of 1979 in which the
basic duties of seismological observatories were envisaged as follows:

- To maintain equipment in continuous operation, with instruments
calibrated and adjusted to conform with agreed standards;

- To produce records which conform with necessary standards for internal
use and international exchange;

- To undertake preliminary readings needed to meet the immediate
requirements of data reporting. o

The "final” interpretation of seismic records was considered to be an
optional activity for which the manual should provide some introductory
background material. On the other hand the manual was considered to
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provide also the information needed by observatory personnel when they are
occasionally required to collect and classify macroseismic observations. In
general the international team of authors ... sought to extract the most
general Principles from a wide range of world practice, and to outline a
course of action which will be consistent with those principles."

Already at that time it became obvious that there exist significant regional
differences in practice and that the subject as a whole was rapidly
advancing. Since this implied the need for continuous development it was
decided to make up the book in loose-leaf form and to identify chapters with
descriptive code names so as to allow for easy reassembling, updating and
insertion of new chapters.

Following these recommendations the 1979 version of the manual was
broken down into the following main chapters:
- General introduction;

- The organization of station networks;

- Instruments;

- Station operation;

- Record content;

. - The determination of earthquake parameters;
- Reporting output;

- Macroseismic observations;

- International services.

But this modern concept was only partially achieved and no updating or
addition of new chapters happened after the 1979 manual edition.

MERITS AND SHORTCOMINGS OF THE OLD MANUAL

The old manual is still the most comprehensive and concise compilation of
arguments, facts, formulae, data tables, diagrams and instructions relevant
for classical analog seismological stations, seismogram evaluations and data
reports based on mostly narrow-band seismographs with photographic or
paper recordings. Therefore, for the personnel at the many stations of this
type still being in operation around the world, especially in developing
countries and the territories on the former Soviet Union, this manual is still
a very suitable guide to observatory seismology. This is even more true when
taking into account that these operators are often the only local "experts in
seismology” although many of them never had a proper education in
seismology. They rather graduated in a technical discipline or in physics,
geology or geophysical prospection, have to specialize themselves on-the-job
and to do their duty without being in direct contact with the global
seismological community and up-to-date techniques or expertise.

But even for this classical user group a new edition of the manual requires
upgrading and complementation. Major shortcomings of the 1979 edition are:
- The original conc%pt of loose-leaf publication suitable for easy up-dating
has not been realized;

- Several manual chapters mix background information, often needed for the
understanding of other chapters as well, with instructions how to carry out
specific tasks;

- Seismological practice related to single stations, the analysis of teleseismic
events and to global data exchange is overemphasized on the expense of
procedures relevant for local and regional events and network data:

- Digital seismological practice is not elaborated at all:

- The practice at seismic arrays and network centers is only marginally
discussed;

- Many illustrations are now either outdated or no longer relevant;
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- Representative selections of "master" recordings . from standard
seismographs for typical distance and depth ranges and response
characteristics of seismographs are missing;

- There is no index available which would significantly ease the search for
needed definitions, background information or specific instructions.

- The manual is lacking a concise but none the less comprehensive
introductory chapter which could arouse the interest of station operators
and seismogram analysts, stimulate their job motivation by providing the
needed interdisciplinary problem awareness together with the basic
background information required from the outset before any specified job
can be tEroperly executed and understood in its context and interrelatedness
with others. This shortcoming is mainly due to the early decision of the
IASPEI Committee that the manual "... would not contain any extensive
account of the aims or methods of utilizing the seismic data since these were
in the province of existing textbooks”. Such a position is reasonable with
respect to elaborations on specific research methods of using seismic records
or data for the investigation of the Earth -structure or of seismic source
processes or with respect to earthquake statistics and hazard assessment.
But such a self-limitation is in my view not appropriate with respect to the
urgent need to explain also to observatory personnel the aims of such
methods and how much their applicability and the reliability of their results
depend on the continuity, completeness, compatibility, reliability and
accuracy of seismological observatory data. Only with such an
understanding of the "why", "what for" and "what happens if not" the needed
motivation to execute the "tedious" daily routine work with keen interest,
awareness, care and greatest precision possible can grow.

In this context we have to be aware that most textbooks in seismology are
addressing either students or researchers. They are either too general or too
academic/theoretical and rarely related to the needs of the routine
practitioners and their professional background for understanding the aims
and requirements of seismological data acquisition. And if they do, as
Kulhaneks "Anatomy of Seismograms" (1990), they are in most cases still too
limited in scope with respect to observatory duties and too expensive for
station operators in developing countries.

PROPOSED CONCEPT AND CONTENTS OF THE NEW MANUAL

1. The new manual should be a rather complete and self-explanatory
reference source ("cook and recipe book”) aimed at providing the necessary
background information and {>roblem awareness as well as the needed
specific instructions for the self-reliant execution of any "routine" or "pre-
research” job by the technical and scientific staff at seismological stations,
observatories, networks, network centers or arrays in charge of analog,
digital or hybrid data acquisition, processing and analysis/evaluation of
original seismic recordings, of documenting and reporting seismic parameter
and/or wave form data to relevant national and international agencies, data
centers or the public and, occasionally, also of assessing and classifying
earthquake damages. It should also cover the tasks of selecting suitable sites
for both individual and network/array stations and give some guidance with
respect to the appropriate design, construction, equipment and installation
of such stations.

2. The new manual should not cover the often highly automated
procedures at international seismological data centers. These normally
neither record nor analyse seismic records themselves but use the parameter
or waveform reports ofy stations or networks/arrays. Such centers typically
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dispose of the expertise and the scientific-technical environment and
international connections needed to execute their job self-reliantly.

3. The manual should serve, in particular, the needs of the many
seismological station operators and seismogram analysts in developing or
less developed smaller countries. They do often not dispose of the
qualified manpower at their seismic stafions/centers or of the scientific-
technical expertise within the country so as to assure that all necessary
tasks can be properly executed without external guidance or help within the
scope and with the quality required for fulfilling their national and
international obligations according to given standards and procedures.

4. Currently there exist analog, digital and hybrid stations with a clear
trend to more and more digital ones. Therefore, all techniques of data
acquisition and processing at seismological observatories need to be covered
by the new manual.

5. Digital techniques in seismology are much more diverse and versatile,
and up to now much less standardized than analog ones. Consequently, the
new manual will necessarily become much bulkier if its new and broader
scope as outlined in paras 1., 3. and 4. is accepted.

6. The different degree of complexity and amount of instructions,
algorithms or reference data needed for the self-reliant execution of the
various jobs in present-day and future observatory seismology might result
in a rather unbalanced representation of the various topics covered by the
new manual. On the other hand, it is to be expected that practically no
single user/observatory will ever need all the information which has to be
contained in the new manual because of the multitude of potential user
groups and their specific requirements.

7. To produce the new manual as a book of so wide a scope would take a
very long time. This would unneccessarily delay the circulation of urgently
needed up-dated or new instructions for station operators and would not
allow subsequent easy up-dating and complementation. It is recommended,
therefore, also taking paras 4. and 5. into account, that the bulk of the new
manual should not be published as a book but be organized as an IASPEI
authorized on-line data base at an international data center with assured
Internet access by users for consultation. Those who do not yet have an
Internet connection may order outprints of the information required for the
execution of their jobs.

8. In order to achieve the goals outlined above as good as possible the new
manual should consist of 3 main parts:

- Long-term manual introduction which outlines the scope, terms of reference,
philosophy and scientific-technical and social background of observatory
seismology. It aims at creating the needed problem awareness and sense of
responsibility with respect to the precision and reliability with which the
routine tasks have to be executed and may be produced in printed form for all
potential users. This introduction should be complemented by an extensive
index to guide the search for any specific piece of information.

- Data/instruction sheets which provide under key word entries detailed
definitions of terms, descriptions of specific jobs, recommended procedures,
relevant algorithms and reference data as well as a guide to suitable
software, e.g. such made available as IASPEI software library volumes or
IASPEI shareware, together with necessary cross or literature references for
further readings. These data/information sheets should be contained in the
recommended manual on-line data base at world or regional seismological
data centres/services. Users may browse through it with keywords as
provided by the manual index. Such data/instruction sheets may be subject
to more frequent changes or complementation. Therefore, they should not
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become obligatory part of the printed manual introduction and guide. But,
in case of missing data links to the manual data base users may request
printouts of sheets relevant to their task and complement their manual
themselves by a loose-leaf collection in alphabetical order of key word entries
(dictionary type). This would enable a high degree of flexibility, quick and
easy updating, replacement or complementation of data sheets and avoid
unnecessary waste of paper and printing capacity.
- The third part of the manual should consist of annexes, providing a
complete documentation of all required reference data such as travel-time
tables, master event recordings etc. which are too bulky to be included
into the introducto;ly part or an individual data sheet or which need to be
referred to in several manual chapters or data sheets. Also these annexes
could be consulted via on-line access to the data base or:their content be
copied to user computers for integration into aPplication programs or be
provided as printouts to users who do not yet avail of these possibilities.

9. For the printed manual introduction and guide the following list of
contents is proposed:
- Preface
- Objectives, scope and requirements of seismological observatory practice
- Seismic waves and Earth models
- Seismic source processes and parameters
- Seismic noise and signal-to-noise improvement
- Seismographs: principles, theory, calibration and parameter determination
- Seismological stations, networks and arrays: site selection, installation,

equipment and configuration

- Recording, handling and storage of analog data
- Acquisition, preprocessing, handling and storage of digital data
- Routine analysis of analogue seismological recordings
- Routine analysis of digital seismological recordings
- Reporting outputs and data exchange
- Macroseismic observations
- Index

PROPOSED PROCEDURES AND SCHEDULE OF WORK

Phase A

It comprises the time span from the XXIV General Assembly of the ESC in
Athens and the XXI General Assembly of the IUGG at Boulder. At the Athens
meeting some of the basic ideas of the general concept and several specific
topical proposals with respect to the scope, contents and structure of the
new manual were discussed for the first time and several European
colleagues showed interest in joining the project. At the same time
scepticism was voiced, especially from colleagues involved in digital
seismological data acquisition and analysis and their automation, whether
the drafting of a new manual was meaningful and managable at all if it was
to include digital practices and formats as well. The latter were still so
diverse, often not yet well understood or compatible and not suitable or not
yet ripe for global standardization. As a result of these discussions the
modified concept presented here was drafted. It will be circulated amongst
those who have already indicated their interest in contributing to the IASPEI
WG "Manual of Seismological Observatory Practice” but also amongst the
chairmen and active members of all working bodies of IASPEI and the ESC
which are relevant for seismological observatory practice. Their comments
and proposals with respect to this preliminary draft are kindly invited.
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As a next step in this first phase a meeting of the Manual WG is planned
at the XXI ITUGG General Assembly in Boulder. It will be open to anybod
interested in this task. The meeting aimes at getting a feedback on this draft
concept, at agreeing on the principal philosophy and structure of the
manual and on matters/instructions of urgency which should be dealt with
first. Complementary to this, all working bodies of IASPEI with competence
in any important subject to be addressed by the new manual should be
invited by the Secretary General of IASPEI and by the chairman of the
IASPEI Commission on Practice to comment on this draft, to identify priority
issues from their point of view and to propose manual chapters or
data/instruction sheets for which they see fit to elaborate drafts.

Parallel to this the chairman of CoP might investigate prior to the Boulder
meeting whether the WDC A, which was responsible for issueing the last
versions of old the manual, would be prepared to establish and maintain the
proposed on-line manual data base. On the basis of these general
discussions and clarifications the CoP should at decide or recommend at the
Boulder meeting:

- whether or not the here proposed, or a modified concept for a new manual
should be pursued;

- which priority items should be dealt with first;

- what key subjects should be taken up by which SCs and WGs of CoP in
consultation and close co-operation with the Manual WG;

- which other working bodies of IASPEI, besides those of CoP, should be
%Rvited to join in this effort of producing a new manual under the auspices of

SPEI,

- whether the matter of producing the manual, authorizing it and keeping it
constantly up-to-date in accordance with changing needs and developments
should be considered a permanent obligation of CoP in the future.

Phase B

When these points have been clarified and respective
decisions/recommendations have been made, the real working phase on the
manual itself can start. It is proposed that the author, in collaboration with
other members of the working group as formed at the Boulder meeting,
prepares - on the basis of the old manual, of more recent training materials
as published for the annual international Potsdam training courses on
seismological practice and of other drafts related to specific items of the
manual (e.g. Musson et al.,, 1994) - a first preliminary draft for the
introductory J)art of the manual together with an index. This may be
complemented by drafts of some closely related topical data/information
sheets which could later serve as models for other sheets.

These drafts should be circulated amongst European and other interested
seismologists prior to the XXV General Assembly of the ESC in Reykjavik,
Iceland, September 1996, requesting comments, changes and additions as
well as complementary or alternative draft proposals to be presented at a
manual workshop in Reykjavik. The author would then compile, on the basis
of these various proposals, a second preliminary draft for world-wide
circulation within the seismological observatory and data center community
prior to the XXIX General Assembly of IASPEI at Thessaloniki in Greece,
1997. If the work proceeds well, the introductory part to the new manual
might be ready for approval already at this meeting and could be prepared
for publication afterwards. : C

In the time span between the Boulder and Thessaloniki meetings of IASPEI
it should already be possible to arrange at the WDC A or elsewhere the data
annexes of the on-line manual data base in a format suitable for access and
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use by observatory personnel. Additionally, data/instruction sheets should
be drafted for topics which CoP might consider to be of high priority. This
could be the case, e.g., with respect to the notification, analysis,
measurement protocols and the ways of analysis and reporting of ISOP
events (Bergman and Sipkin, 1994). But it may also concern general
instructions with respect to new kinds or formats of parameter and wave
form reports to seismological data centers. These might soon become
necessary in connection with new hardware and routines currently being
intr(;guced at the National Earthquake Information Center (NEIC) at
Boulder.

Additionally, there are several other topics relevant to the manual where
during the last few years major progress was made and a high degree of
international consensus has been reached already. This applies, e.g., to the
practice of analysing and classifying macroseismic observations. Recently,
the Working Group on Macroseismic Scales of the ESC, has produced a very
well documented new European Macroseismic Scale 1992 (Griinthal 1993).
It is a significantly up-dated and complemented version of the MSK scale in
which - for the first time - the usage of the macroseismic scale is made
explicit. This reduces the chances of wrong intensity assignment through
misunderstanding of procedures. Meanwhile it has been widely circulated
and tested under different conditions and aspects. Its application has also
yielded many new experiences with respect to the relationshi between
macroseismic and instrumental earthquake parameters such as the location
of earthquake epicenters. A partially revised and further improved final
version will be presented at the forthcoming Eleventh World Conference on
Earthquake Engineering in Acapulco, June 1996. It is recommended that
this version becomes part of the new manual. Musson et al. (1994) have
already made well founded detailed proposals with respect to the
reorganization and new contents of the respective chapters and sections in
the manual. Therefore, this redrafting could be accomplished as well within
the second phase until 1997.

Phase C

This third phase, stretching from 1997 to 1999, should aim at completing
the manual by finishing the bulk of its data/instruction sheets, by
integrating them into the manual data base, by arranging for the full on-line
access of users and by issueing sets of related printouts to users without
Internet connection.

Phase D

This long-term follow-up phase consists of continuous maintaining, up-
dating and complementing of the on-line manual data base under the
supervision and with the authorization of the IASPEI Commission on
Practice. In order to ease this task, for each data item, instruction sheet or
chapter the names of responsible author(s) should be given together with
their address, e-mail, fax and phone numbers. This would allow users to
approach the author(s) for clarifications or more detailed information if
needed. Additionally, it would enable other colleagues to send comments,
corrections, amendments or alternative versions to the author(s) and IASPEI
for consideration and, if necessary, for inclusion into the data base after
harmonization with other entries and authorization by IASPEI. This kind of
easy and direct feed-back from- users at observatories and from the wider
Seismological community would enable to keep the manual always up-to-

ate.
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CoNcLUSsIONS

A "Manual of Seismological Observatory Practice" is an essential aid and
guide for the qualification and international harmonization of seismological~
practice. Since the last issue of such a manual in 1979 seismological
practice has been revolutionized in many aspects, especially by the large-
scale introduction of digital data aquisition and processing techniques.
Nowadays, triaxial broad-band recordings of very large dynamic range allow
to replace whole complexes of classic seismographs working in different
frequency and sensitivity ranges by Jjust one instrument. On the other hand,
telemetred station networks may reduce the tasks of data acquisition,
processing, analysis and archiving in a given country to one or only a few
central station(s). Additionally, quite a number of small-scale regional
seismic arrays have been put into routine practice in recent years . They
apply rather different procedures of data processing and analysis, produce
very useful complementary data and allow the detection of rather week
events or the discrimination and identification of seismic phases which are
not well defined in classical records. . .

Besides this, more and more nations complement their networks of
permanent seismic stations by digital mobil systems for seismic data
acquisition which often have to be deployed or their data be analysed by the
same personnel working with the permanent seismic networks. These
developments necessitate - and at the same time enable - significant changes
in the kind of data to be reported to the global and regional seismological
data centers, in the procedures applied and data products produced.

. All these new aspects, techniques and methods are not yet or not
sufficiently reflected in the old manual. The production of a new manual
under the auspices of IASPEI is considered, tﬁerefore, as a matter of high
priority. The paper proposes both a new list of contents as well as a new
structure and format for this new manual. It should be organized as an on-
line data base and be accessible by any user via Internet.

It is proposed to realize this task as a joint effort of all relevant working
bodies of the IASPEI and ESC under the guidance of the IASPEI Commission
on Practice and its WG on Manual of Seismological Observatory Practice. The
work should be accomplished in three phases between 1995 and 1999
according to the general decisions taken and the priorities set by IASPEI at
the XXI General Assembly of the IUGG at Boulder in 1995 After the
establishment of the on-line manual data base its maintenance, up-grading,
up-dating and completion in accordance with changing needs and
possibilities of seismological observatory practice and the requirements of
international data exchange and co-operation should be considered as a
permanent obligation of the IASPEI Commission on Practice.
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ABSTRACT

In the fifteen years since the Manual of Seismological Observatory Practice was
published, there have been significant advances in macroseismic methods as well as
in methods of recording and interpreting instrumental data. In the first case it is
necessary to report the further development of intensity scales, especially the latest
version of the MSK scale (1992), now known as the European Macroseismic Scale
(EMS). This scale breaks new ground in that for the first time the usage of the scale
is made explicit, thus reducing the chances of wrong intensity assignment through
misunderstanding of procedures.

In the second case, there is a considerable amount of new experience in the
application of macroseismic data to specific problems, such as equivalences
between macroseismic data and other earthquake parameters, including the location
of earthquake epicentres from macroseismic data, and this should be reflected in an
updating of the appropriate sections of the Manual.

INTRODUCTION

The Manual of Seismological Observatory Practice was first published in 1979
under the editorship of Wilimore (1979). On account of the considerable
developments in seismological techniques in the following fifteen years, a revision is
now necessary. The advances that spring to mind most readily are the considerable
changes in instrumental monitoring from the days of paper chart recorders to the
latest radio-telemetered digital broadband networks. However, although
macroseismic investigations are less driven by technology and are an older method
of study altogether, there have been advances in this field as well, and the
macroseismic section of the Manual of Seismological Observatory Practice needs
updating as well. The purpose of this paper is to offer some suggestions in this
regard, dealing with a topic at a time, following the original section layout, which had
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three main divisions: 1. Definitions of intensity; 2. The organisation of macroseismic
observation; 3. Isoseismal maps. This layout of the chapter is not the best, however,
and we conclude with a suggestion for a revised order of contents which we believe
to be more pertinent and logical.

DEFINITIONS OF INTENSITY

1 - Intensity

The definition of intensity given in the Manual of Seismological Observatory
Practice is "a measure of the effect of an earthquake upon natural objects, artificial
structures, and human observers in a given locality". We prefer the definition given in
the EMS scale: "a classification of the severity of the ground shaking on the basis of
observed effects in a limited area" (Grunthal 1993). The use of the word
"classification" is more precise since no measuring, in the same sense as
instrumental measuring, is actually done. Various attempts to produce an "intensity
meter" have never succeeded.

1.1 - Intensity scales .

There have been various revisions to the two major intensity scales since 1979.
The so-called Modified Mercalli scale (actually based on Sieberg's scale of 1912),
since its 1956 edition prepared by Richter (1958), has been further revised by Eiby
(1965), Brazee (1978), Principia (1982), NZSEE (1991) and Dengler and McPherson
(1993), although none of these modifications have attained the status of a standard,
except perhaps that of Eiby on a regional basis. That of Brazee has been used more
widely, but many studies continue to use the 1956 version or even the two 1931
versions (Wood and Neumann 1931). Further revisions may be planned
(Algermissen 1993 pers. comm.).

The MSK intensity scale underwent minor revision in 1981 (Ad-hoc Panel 1981)
and a complete overhaul in 1992 (Grunthal 1993), including a name change to
European Macroseismic Scale (EMS). This new version is radically different from all
previous intensity scales in its approach. In addition to the tradional list of diagnostics
(the "core scale") there are a number of additional modules or annexes to give
further guidance to the user. As well as a series of guidelines on the basic
application of the scale, there are sections of illustrative photographs and drawings
to demonstrate damage types, worked examples, a discussion of the application to
buildings with anti-seismic design features, and a new approach to building type (in
which building condition is explicitly taken into account) and effects on nature.

There is quite inadequate discussion in the Manual of Seismological Observatory
Practice at present in how to actually use an intensity scale to assign an intensity.
The guidelines and examples laid out in the EMS are, so far as we know, the first
time that this topic has been fully discussed in the literature. Some of this discussion
should certainly be carried over into the new Manual.

1.1.1 Modified Mercalli Intensity Scale of 1956

Until a new standard version of this scale is produced, the 1956 text remains the
best.
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1.1.2 MSK Intensity Scale (1964)
This should be replaced by the core scale from the European Macroseismic Scale.

1.1.3 Accuracy of assessment

The existing text in the Manual of Seismological Observatory Practice is over-
optimistic about the accuracy that can be obtained. It is greatly to be doubted
whether greater accuracy than one degree can be defined or obtained. If it were
possible to distinguish in the field an intensity between, say, 5 and 6, then it would be
necessary to define in the scale a description of intensity 5%. In effect, one posits the
existence of a 23-degree intensity scale, which could never be written. The division
of the MM/MSK/EMS scales into twelve degrees reflects the smallest changes in
shaking severity that can practically be distinguished with good observational data.
Where the data are less good, it is often necessary to express intensity as a range.’
The expression "5-6" (or "V-VI"; the use of Roman numerals is optional) is best
considered as meaning that the intensity was 5 or 6, or, in a wider sense, more than
4 and less than 7. This subject is discussed at length in the EMS guidelines.

1.1.4 Equivalence between scales

Itis rightly pointed out by Ambraseys et al (1983) that translating numbers from
one intensity scale to another cannot be done in a reliable manner, particularly (in
our opinion) in view of the different ways in which scales have been implemented by
different workers (who may have had different definitions of intensity in mind). It is
therefore preferable to return to the original data. If conversion is unavoidable, the
table given in the Manual of Seismological Observatory Practice is as good as any,
but could do with some minor modifications, particularly with regard to which scales
are represented.

1.2 Relationship between intensity and earth-motion parameters

This section needs to be updated to take into account more recent work. It should
also be more cautiously worded. The correlation between intensity and peak ground
acceleration is extremely poor for several reasons (eg the duration of strong shaking
has a major impact on the level of damage observed) and shows a scatter of two
orders of magnitude. Recently observed extremely high peak accelerations,
approaching and even exceeding 2g, have not been accompanied by :
correspondingly high intensities. More sophisticated approaches to the subject other
than simple equivalences are now being sought.

THE ORGANISATION OF MACROSEISMIC OBSERVATIONS
2.1 Earthquake questionnaires
In the Manual of Seismological Observatory Practice three different sample
questionnaires are given, but there is little discussion of questionnaire design. This a
subject that has been studied in depth in the social sciences, but most seismologists
have no contact with this literature. Some points need to be made, for instance:

i) The form a questionnaire takes is partly predicated by its intended
recipient. Cultural factors come into play. In some countries there exist local officials
who are able to fill in a questionnaire on behalf on a whole community; in other
countries it is necessary to address questionnaires to private individuals who will
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-answer for themselves only. The amount and form of detail given to damage reports
will vary to reflect regional seismicity and local construction types.

i) Questionnaires that consist of a number of boxes to be ticked are easy to”
process, but data may be distorted or lost if the options given to the respondent do
not match his or her actual experience. Textual descriptions attached to the
questionnaire can help.

For about five years a collection of different macroseismic questionnaire designs
has been made by the Seismological Survey of Slovenia (Cecic 1989) which could
be drawn upon for examples of more recent questionnaires in use than those
presented in the Manual of Seismological Observatory Practice.

2.2 Local emergency procedure

This section needs to be made more generally applicable. What, for instance, is
meant by "central office"? The issues covered here go largely beyond matters of
macroseismic procedures and are thus beyond the scope of this paper. What is
perhaps intended, or at least would be an improvement, would be a discussion of
macroseismic field investigations and damage surveys per se. The use of
questionnaires is generally only applicable for intensities up to 6; beyond this it is
really advisable to investigate the earthquake damage in the field.

2.3 UNESCO emergency missions
This section is similarly beyond the scope of this paper. Its relevance to
observatory practice may be questioned.

ISOSEISMAL MAPS
3.1 Smoothing the data

This aspect of macroseismic practice is given very brief coverage, which should
be expanded. One fundamental point that is missing is that one should not, ideally,
assign intensity for each individual observation received, but for a place (eg a town or
village) one should assign one intensity value on the basis of all the data for that
place. Certainly this is the intention behind the MSK and EMS scales. These issues
are discussed at some length in the guide to the EMS scale, and some of this
discussion could profitably be brought forward into a revised Manual of
Seismological Observatory Practice.

The drawing of isoseismal maps is a practice that varies very much from worker to
worker, and to date there is no single technique to be regarded as standard or -
correct (Cecic 1992). An isoseismal map is different from other types of contour map
in that it is not directly an expression of a continuous surface. For this reason, the
attempts that have been made so far to use automatic contouring programs to
produce isoseismal maps have not been very successful. Some of the problems
involved with applying trend surface analysis to macroseismic data are discussed by
de Rubeis et al (1992). Other problems regarding the reliability of isoseismal maps
are discussed by Berardi et al (1990).

An isoseismal is a line enclosing an area within which the intensity is
predominantly the same value. The word "predominantly” is open to interpretation,
and isoseismal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>