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Abstract

In contrast to the case of instrumental data, the procedures for epicentral parameter determination (coordi-
nates and /) from macroseismic data are not very well established. Although there are some «rules», upon
which most seismologists agree (centre of the isoseismal of largest degree, and so on), the practical application
of such rules displays many problems. Therefore, it is commonly seismologists’ practice to find their own pro-
cedures and solutions; this is particularly evident in the more complicated cases, such as offshore epicentres
or, as in many cases of historical earthquakes, poor sets of data. One of the major consequences is that para-
metric catalogues are not homogeneous with respect to macroseismic parameters; moreover, merging cata-
logues compiled according to different criteria can introduce high noise in any catalogue built in such a way.
In order to survey the current practice of epicentre determination from macroseismic data in Europe, a set of
cases was distributed to the participants of the first meeting of the ESC WG «Macroseismology». A compari-
son of the 15 sets of results provided by 16 authors, who gave their own solutions and the explanations of the
adopted procedures is given, showing that in some cases the ideas and results are rather distant.

Key words macroseismic data — epicentre — inten- hazard; however, procedures according to
sity which they are elaborated remain rather dis-
parate.

The first step of elaboration, intensity as-
sessment, recently gained a new, improved tool
with the publication of the «European Macro-
seismic Scale» (Griinthal, 1993); the benefits,
though, are still under evaluation.

The next step, earthquake parameter deter-
mination, is of great importance, as quality and
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Ricerca sul Rischio Sismico, C.N.R., Via Ampere 56,  quake catalogues strongly depend on it. It is
20131 Milano, Italy; e-mail: max@stucchi.irrs.mi.cnr.it generally agreed that the assessment of macro-

1. Introduction
Macroseismic data, and especially those de-

rived from historical records, play a major role
in the assessment of seismicity and seismic
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seismic parameters is currently being per-
formed according to procedures which are gen-
erally neither equivalent, nor clear. Moreover,
in many cases they are unknown; under such
circumstances data sets and catalogues com-
piled according to different procedures are not
comparable. On the contrary, procedures by
which instrumental data are processed are
known and, to a certain extent, standard: in-
strumental data are therefore comparable and
their reliability can be assessed, at least to
some degree.

To deal with this problem, in 1992 the Eu-
ropean Seismological Commission (ESC) es-
tablished a Working Group on «Macroseismol-
ogy», in the frame of Subcommission F «Engi-
neering Seismology», with the following main
goals:

— development of criteria and recommenda-
tions for the organisation of a FEuropean
database of intensity data;

— development of rigorous procedures for
processing macroseismic data.

The first goal was addressed by preliminary
considerations (Stucchi, 1994) and is currently
under discussion in the frame of the EC project
«A basic European earthquake catalogue and a
database for the assessment of long-term seis-
micity and seismic hazard».

With respect to the second point, the idea
described in the WG programme was that «the
WG will review the existing procedures, evi-
dence the main problems and develop new
rigorous procedures». This paper deals with the
first step of the programme, that is reviewing
current procedures; specifically we address two
issues: the determination of macroseismic epi-
centres and epicentral intensities.

2. Historical perspective

2.1. Macroseismic epicentres

Early attempts to use macroseismic data to
locate earthquake epicentres generally pro-
ceeded to do so either by tracing back esti-
mates of the direction of shock (from cracks in
walls, toppled items, or human observations),
or by attempting to discriminate small differ-
ences in time between different observations.

A well-known example is Mallet’s celebrated
success in using such methods in his study of
the Neapolitan earthquake of 1857 (Mallet,
1862). Less well-known is the complete failure
of these methods in an earlier case that came to
Mallet’s attention — the Caernarvon (N. Wales)
earthquake of 9 November 1852. This was lo-
cated by Mallet (1854) in the Canary Islands,
an error of about 2800 km. The use of macro-
seismic time observations is associated with
the work of Seebach (1873) who developed the
concept of coseismal lines, which indicate
places at which the earthquake waves arrive at
the same time.

In Milne’s (1893) textbook on earthquakes,
only these types of approach are described —
not the use of isoseismals. (As Montessus de
Ballore, 1916, remarked «It is a noteworthy
fact that John Milne almost never made any
use of intensity scales, nor did he delineate iso-
seismal curves in his many seismological pa-
pers ...»). Milne’s colleague Knott gave more
attention to macroseismic methods: «The high-
est isoseism determines the epicentre; but the
exact localisation is usually complicated by the
fact that the shock has radiated from two or
more centres or from a long drawn out source
of disturbance ... In the case of the many earth-
quakes which originate under the ocean, the
epicentre can be only approximately localised»
(Knott, 1908).

Davison (1921a) in his «Manual of Seis-
mology» gives three methods for determination
of epicentre, of which the first is the method
based on time and the second the method
based on direction. The third is the method
based on intensity — «the centre of the inner-
most curve being either close to, or within, the
epicentral area». It will be noted that Davison
distinguishes an «epicentral tract», equivalent
more or less to the rupturing area. Any point
description of epicentre is thus «the mean posi-
tion of the epicentre». Similar is the remark in
Rothé’s discussion of macroseismic methods:
«la notion d’épicentre ponctuel est une fiction
mathématique et c’est plutdt une région épi-
centrale quil y a lieu d’envisager» (Rothé
1925).

Sieberg (1923) considered that: «Allgemein
giiltige Regeln lassen sich fiir die makroseis-
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mische  Epizentralbestimmung  nicht auf-
stellen». (No generally valid rule for macro-
seismic epicentre determination can be estab-
lished). However he discusses some rules,
mainly with the help of the shape of the pleis-
toseismal line (innermost isoseismal), related
to the local geological conditions and charac-
teristics of the fault which caused the earth-
quake.

With the increasing improvement of instru-
mental methods during the 20th century,
macroseismic methods fell into a correspond-
ing decline. One may consider in this light the
dismissal by Richter (1958): «The practice ...
of drawing isoseismals and then locating an
‘epicentre’ at the centre of figure should be
discontinued». This may go some way to ex-
plain the lack of attention in references such as
the Manual of Seismological Observatory
Practice (Willmore, 1979).

This attitude had to change in the 1970s as
it became apparent that it was necessary to re-
visit historical earthquakes for the purpose of
seismic hazard assessment, and this meant re-
turning to macroseismic methods. Even in the
carly 20th century it had been realised that the
use of macroseismic observations of direction
and time were of questionable utility; conse-
quently modern macroseismic location meth-
ods are based exclusively on intensity. As an
example, some attempt to describe, although
very briefly, the way in which earthquake pa-
rameters are assessed can be found in the intro-
ductory part of the UNDP/UNESCO Balkan
Catalogue (Shebalin et al., 1974). The empha-
sis is on the definition of the epicentre as «the
central point, and the error as the radius of the
first isoseismal» for the earthquakes with an
isoseismal map; the description is followed by
the discussion what to do in case of a remark-
ably deformed first isoseismal, for intermediate
events or an epicentre in the sea.

Other studies have also given some indica-
tion of their methods in greater or lesser detail.
In dealing with historical earthquakes in Persia,
Ambraseys and Melville (1982) write «The
macroseismic ‘epicentre’ of an earthquake was
therefore defined by the geographical co-ordi-
nates of the centre of the ellipse [the highest
isoseismal], and the size of the epicentral re-
gion by the radius of the equivalent circle.
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They also describe loosely the methods em-
ployed in the absence of isoseismals. This is
very similar to the rule given by Davison
(1921b); less similar is the approach of Burton
et al. (1984), who obtained macroseismic epi-
centres by «a consideration of the spatial distri-
bution of the highest observed intensities, the
highest intensity value isoseismal which could
be plotted and a consideration of the probable
location of foreshocks and aftershocks in rela-
tion to the main shock». This description intro-
duces new ideas, firstly that the drawing of iso-
seismals does not preclude consideration of the
data points also, and secondly that other phe-
nomena such as reports of accessory shocks
may be considered. (The point being that an af-
tershock observed over a very small area may
be more easily located than a main shock ob-
served over a very large area.)

General discussions of such methods are
less common, though recently Console et al.
(1990), Peruzza (1993), Gasperini and Ferrari
(1995) discussed some formal methods for as-
sessing  macroseismic  epicentre. Musson
(1989) presented problems connected with pa-
rameters assessed from poor datasets: the same
problems were discussed by Castelli and
Monachesi (1996), Glavcheva (1994), Musson
(1996), Shumila (1994) and Vogt (1996) at the
Symposium on «Quantification of non-instru-
mental earthquake data» at the ESC XXIV As-
sembly, Athens, 1994 September 19-24, where
this paper was also presented.

2.2. Epicentral intensity

Significant attention has been given in the
literature to the applications of macroseismics
in terms of the assessment of attenuation and
depth (the well-known works of Kovesligethy,
1907, Blake, 1941, etc.).

In these cases, I, is taken to be the math-
ematically determined extrapolated intensity
exactly at the epicentre. In many other cases,
Iy is not specifically defined, presumably be-
cause the concept is deemed to be self-evident
— the epicentral intensity is the intensity at the
epicentre, and in practice this devolves to the
highest assigned intensity.
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This is sometimes explicitly stated. In the
two examples cited above, Ambraseys and
Melville (1982) define I, as «the highest inten-
sity», while Burton er al. (1984) give a more
elaborate definition: «the intensity expected at
the macroseismic epicentre in the light of the
observed intensities without formal extrapola-
tion from isoseismal intensity data using an in-
tensity attenuation law». The catalogue of She-
balin er al. (1974) employs both «highest ob-
served» and «extrapolated» [, values. Many
authors (including the last two cited) distin-
guish between I, and [,, for offshore epicen-
tres where I, is the highest intensity observed
on land, and [, cannot be observed (but may be
extrapolated).

It is worth stressing that the results provided
by the GSHAP survey on European parametric
earthquake catalogues (Stucchi and Bonnin,
1995) point out that in 72% of cases only (18
catalogue considered) Iy = I,,,; moreover, this
percentage goes down below 50% for 5 cata-
logues and is O for two of them.

3. Basic assumptions and methods

When asked about real practice, seismolo-
gists do not quote literature in their answers:
the most common working definition for epi-
central parameters is «maximum intensity» for
Iy and «the centre of highest degree (closed)
isoseismal» or «the centre of mass of the high-
est intensity data points» for the coordinates.

The idea of putting the macroseismic epi-
centre in the centre of the highest isoseismal
line is often taken as an unwritten rule. But,
seismologists do not always agree drawing iso-
seismals (Berardi et al., 1990; Cecié, 1992).
Next, what happens when isoseismal lines can-
not be drawn, for instance when only a few
data points are available? This is not an infre-
quent case for historical earthquakes; however,
their importance is such that no investigator is
ready to disregard such earthquakes.

Therefore, how are macroseismic epicentres
defined and determined — for example, those
found in European parametric catalogues, a
preliminary outlook of which can be found in
Stucchi and Bonnin (1995)? Is there any com-
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puter programme, any published manual on de-
termination of earthquake parameters from
macroseismic data? Apparently not: most in-
vestigators seem to have their own method for
estimating macroseismic epicentral parameters,
which probably follows from their ideal epi-
centre «archetype» to which they stick in their
everyday practice. By the way, personal
archetypes are by no means isolated cases in
macroseismology; for example, during the dis-
cussion about updating the MSK intensity
scale, it became obvious that most investiga-
tors had their own «archetype» of what each
intensity degree should represent, and each of
them was holding very firmly to it.

From such considerations came the idea of a
survey in search of current, practical proce-
dures and possible common archetypes.

The survey was developed as «homework»
for the 1st Workshop of WG Macroseismology
(Milan, 1993): it consisted of intensity data
distributions for several earthquakes located in
Italy or surrounding areas, without additional
data. Participants were asked to determine geo-
graphical co-ordinates and I, and to explain
briefly criteria adopted and procedures used.

Though no theoretical introduction, nor ref-
erences were supplied, the case studies were
selected in order to survey a few, major hidden
questions:

— Definition — Is there a common definition
of macroseismic earthquake parameters and a
common criterion for determining them? In
other words, which (hidden) definitions of
earthquake parameters does each seismologist
adopt, more or less explicitly? And, finally, is
a common definition of epicentral parameters,
and a common criterion of determining it,
needed or not?

— Starting data — Are intensity data points
the basic data upon which seismologists usu-
ally work to determine earthquake parameters?
Which kind of data do seismologists require
further than intensity data points (earthquake
date and time, original sources, isoseimals,
etc.), and how do they use them? Do seismolo-
gists consult primary information (sources),
and to which purpose, in everyday practice ?

— Processing — 1Is it possible to delineate a
specific «rule» according to which each seis-
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mologist operates? Does he/she always follow
this rule? How different are the rules among
individuals? Is it possible to see some trends?
In connection with this, are epicentral co-ordi-
nates and intensity assessed jointly or sepa-
rately? (That is: does the assessment of one in-
fluence the other?).

With respect to the data, participants were
supplied with no other information except the
intensity data points; for some events, data did
not even incorporate the date of the event; at
least that meant that authors had really the
same starting point.

After the discussion during the Workshop,
participants were asked to submit written solu-
tion. Sixteen authors from 11 European coun-
tries supplied 15 different sets of solutions.
Here follows a preliminary analysis of 14 solu-
tions; the one provided by Shumila refers to an
innovative computer approach and cannot be
reported according to the adopted scheme.

Although the original «homework» consisted
of 15 cases, here we will deal with only seven
among them, taken as the most representative.

4. Case analysis

The analysis of the answers showed that
some authors were inclined to be very «conser-
vative», giving results with many restraints; on
the other hand, some authors were VEry precise
and sure about the quality and quantity of data
being sufficient. Some considered that some-
times an area is a better solution than a single
point, or that the co-ordinates should be as-
signed with an error radius (table I). There was
also a suggestion, shared by two authors, of the
«characteristic point» for some earthquakes
represented with poor data set. It would not be
the epicentre, but the point with the maximum
intensity, or some «unreliable» epicentre; this
should be clearly marked by a special symbol
or a quality coefficient (table II).

Despite differences in methods, in most
cases there was not actually much difference
between the results. It was especially evident
for well documented cases with more or less
regular data distribution (A, F), or even for
some less documented ones (C, E). When it

comes to more complicated cases, the differ-
ences start to be larger.

It should be mentioned that eight authors
did not give explicit values of co-ordinates, but
only drew the epicentres on the maps. Two au-
thors gave only a description about the place
where, in their opinion, the epicentre should
be, but not the map co-ordinates. Two authors
supplied only the epicentres drawn on the
maps, and four authors sent both descriptions
and maps. Where possible, missing co-ordi-
nates have been filled in for the purposes of
comparison from whatever was supplied by the
authors. In some cases this results in an appar-
ent precision greater than was intended by the
author.

We now consider the individual cases.

Case A — This case was considered to be
the most straightforward (fig. 1). Most authors
agreed about epicentre and /,. The epicentre
was placed in most cases in the barycentre of
the highest intensity points, which in this case
coincided with the centre of the innermost iso-
seismal. However, some authors had different
ideas: one author defined the epicentre as an
area, based exclusively on the isoseismals,
with the co-ordinate error of + 5’. Four authors
determined the epicentre considering exclu-
sively the isoseismals and its shape, with
even some suggested improvements to them.
Most authors agreed that Iy = X; one voted for
X-XI.

Case C — Somewhat more complicated than
case A, as data were fewer. Most authors lo-
cated the epicentre between the points with in-
tensity IX and VIII-IX, but closer to the IX
point (fig. 2). One opinion was that elements
of topography on the map would help to under-
stand the reasons for such a poor data distribu-
tion. Another idea was the introduction of an
error radius drawn on the map around the epi-
centre. One author supposed that the intensities
V and IV-V could be underestimated; the pos-
sible reason is that the earthquake was during
the night. Also, one author introduced the con-
cept of «characteristic point», already men-
tioned. Finally, some authors considered the
data insufficient to determine the parameters.
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Table I. Summary of the results of the cases A-O (co-ordinates of the epicentre).
Author Case
A C E F K L (0]
A 4105 1507(43 32 1212|4045 13 54(44 38 11 50 44 18 13 29
Al 41 09 14 32|38 08 13 45
A2 42 15 13 55|38 08 14 45
A3 41 35 14 26
B 41 05 150043 30 12 15| Tyrrhenian |44 40 11 50(41 30 14 30|38 10 14 25 {44 00 14 05
+5 5 Sea +5 +10 +5 +0.5°
C 4105 1505(43 26 12 17 - 44 40 11 52|41 30 14 32|38 07 14 47 |44 06 15 18
D 41 06 15 06 - Offshore, |44 36 11 54|41 30 14 3038 18 14 30 -
North
E 40 59 14 59|43 30 12 13 - 44 36 1152|4132 14 28|38 07 14 32|44 07 13 11
F 41 06 15 07|43 26 12 17 |40 45 13 53|44 25 11 51 38 12 14 42|44 06 13 30
F1 41 42 14 18
F2 41 30 14 30
F3 41 06 15 00
G 4105 1507|4329 12 13 {4045 13 54(44 37 11 50|41 34 14 28|38 10 14 30 |44 38 13 28
H 4105 1506|143 30 12 13 |40 46 13 53|44 37 11 50|41 40 14 1938 12 14 43 -
I 4107 1501|4330 12 14 |40 45 13 55|44 37 11 50(41 40 14 24|38 11 14 44 -
J 41.04 1507|43 31 12 12|40 45 13 54|44 37 11 50|41 30 14 33|38 15 14 30 -
: ER 7 km ER 7 km ER 3 km
K 41 06 1507|4331 1212|4045 13 54|44 40 11 5241 31 14 31|38 10 14 43 {44 33 13 45
L 41 06 150743 31 1212|4046 13 54144 38 11 52|41 31 1435|3810 14 12 -
M 4105 150743 31 1212|4045 13 54{44 36 11 52 -
M1 42 12 13 55|38 07 13 35
M2 41 42 14 14|38 12 14 42
M3 41 30 14 30
M4 41 06 15 00
N Barycenter - - - Between - -
of the Campobasso
two first and Isernia
isoseismals

Case E — A case of an event felt on an is-
land, with rather poor data distribution (fig. 3).
Five authors considered the epicentre to be on
the shore, near to the point with the highest in-
tensity value. Another five decided it to be
slightly offshore to the north. Two authors
found the data set to be insufficient to deter-
mine the parameters. Some of the additional
ideas were that the «not felt» reports should be
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checked or deleted. Two authors emphasised
that in case of an offshore epicentre there is no
1y, but only an I,,, value. Once again there was
the introduction of error radius drawn around
the epicentre.

Case F - For this event (fig. 4), two slightly
different data sets were supplied. Two of the
authors requested to see the full reports before
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Table II. Summary of the results of the cases A-O (epicentral intensity).

Author Case
A C E F K L (@)
A X X VII-VIII VIII VIII to X
Al (VID) X IX
A2 IX-X X
A3 X
B X-XI IX-X - VIII X-XI X-XI VIII-IX
C _ _ _ _ _ _ _
D X - VII-VIII =~ [X X IX-X -
Imax
E X X - IX XI X \'%
Imax [max Imax Imax Imax Imax
F X X VII-VIII X X VII
F1 IX
F2 X
F3 X
G X IX VII-VIII - X IX-X \'%
Imax Imax
H X IX - - - - -
I X <IX VII-VIII X X IX-X \%
Imax Imax
J X IX VII X X IX-X -
]max Imax Imax Imax Imax
K X IX VII VIII X X (V-VI)
L X 21 X VII-VIII VIII-IX X IX-X \%
Imax lmax Imax
M X IX VII-VIII VIII -
M1 Lax Lnax Lnax X VIII
M2 X1 X
M3 X
M4 X-XI
N X <IX - VIII - - -

making a final judgement. The opinions about
Iy were divided: five authors proposed I,
VIII and assumed that intensity value IX was a
high singularity due to local factors; on the
other hand, five authors proposed I, = IX, but
with some uncertainty. One author added that
the data set is insufficient to decide whether
the high intensities are due to topographical ef-
fects or superficial soil conditions.
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Case K — In this event some authors sug-
gested considering it not as a single earth-
quake, but as an intensity distribution caused
by the possible combination of the effects of
three different earthquakes (taken only as a
model, and not as physical solution). Apart
from those, the majority of the authors did not
have much disagreement about the position of
the epicentre (fig. 5). Seven authors had cho-
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Fig. 2. The solutions for the position of the epicentre for case C.
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Fig. 4. The solutions for the position of the epicentre for case F.
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sen Iy = X to be the reliable solution; one
among them preferred the idea that X was
caused by the local site conditions, and chose
Iy = IX. General remark: although the isoseis-
mals were not a point of the discussion here, it
should be noted that most authors agree that
putting less than 3 intensity points in an «is-
land» or making a «bay» for less than 3 points
is normally not a correct way of drawing
them.

Case L — This time it was clearly an off-
shore epicentre, at least for the majority of au-
thors; however, two authors had a different

opinion and placed the epicentre on the shore
(fig. 6). In this case the dispersion of the epi-
central positions is visible; the clusters of solu-
tions are placed near the point of the maximum
observed intensity and near the longitude
14°30°. A couple of authors presented the solu-
tion as a combination of effects of two events,
one located offshore and the other on the
shore. As with the previous case, multiple
events are used as a way of regenerating an
approximation to the intensity field using
epicentres and attenuation rates — it is not nec-
essarily implied that two physically separate
earthquakes occurred in this instance. It is ob-

7* Chieti

‘9

9

'.9

10°19
10)

A9

150 THE EARTHQUAKE OF
DECEMBER 1456
IN CENTRAL-SOUTHERN ITALY

Compiled by
G.Magri, D.Molin

40 km

* Foggia

20"

89,

Fig. 5. The solutions for the position of the epicentre for case K.
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THE CEFALU EARTHQUAKE ' o = N
OF MARCH 5, 1823 ;
Compiled by (L L L 410 km \g’l{
A.Bottari, B.Federico,
E.Lo Giudice, C.Pandolfo M2 6

Fig. 6. The solutions for the position of the epicentre for case L.

viously a case for which there should be an ac-
cepted common procedure for solving the
problem.

Case O — This was the case with the largest
differences between proposed epicentres (fig.
7). Although some authors considered the data
set to be large enough for a (more or less) reli-
able determination of the epicentre, others dis-
agreed, being sure that the data for eastern
coast of the Adriatic sea were missing. There
was also an idea, represented by five authors,
that the data could represent the effects of a far
off event. This case also showed the widest
range of I, suggested: from V to X. It seems
clear, however, that anyone who considers a
value X for this case probably does not mean
the same thing as the person who proposes V.
Distinction between «observed» (observed in-
tensity at the nearest place to the epicentre)
and «calculated» /; (estimated value derived
from extrapolation) was suggested. Two au-
thors again found it important to outline that in
case of an offshore epicentre there is no Iy, but
only an [, value.

50 km

« Rijeka
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g
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Fig. 7. The solutions for the position of the epicen-
tre for case O.
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5. Discussion

The answers supplied were analysed with
respect to the main questions summarised
above.

Definition — Apparently hidden definitions
exist and can be grouped in two main cate-
gories, each one carrying a number of varia-
tions:

a) the macroseismic epicentre represents
the best estimate of the rupturing area, or the
best estimate of the position of the instrumen-
tal epicentre, as determined from macroseismic
data.

b) the macroseismic epicentre is that point
which, taken as origin, will enable one to
recreate the best intensity distribution of an
earthquake using an appropriate attenuation
law. According to this definition, relation to
physical source parameters (such as depth) is
not strictly necessary.

Apparently, the concept expressed by defi-
nition (a) is more commonly intended by seis-
mologists in practice. However, it seems clear
that the two definitions may lead to different
determinations; furthermore, it is also clear that
epicentres determined according to definition
(a) are commonly used as if determined ac-
cording to the concept behind definition (b). It
was also argued that a different technical term
(«barycentre» would be good) would probably
reduce, if not eliminate, the confusion. Authors
generally agreed on the need of common defi-
nitions.

The confusion goes back to the historical
roots — it is clear that those early seismologists
who attempted to use macroseismic estimates
of direction or time were trying to determine
the source of the seismic waves, even if they
did not understand the principles of fault rup-
turing. But the common practice of taking the
centre of the highest isoseismal by default
when using intensity data is probably closer to
definition (b). Richter’s objection to macro-
seismic epicentres was that the centre of the
highest isoseismal frequently fails to coincide
with the instrumental epicentre; he did not con-
sider that this could be a separate concept, use-
ful in itself.

Starting data — It seems that the two defini-
tions also drive the request for additional data,
with respect to intensity data points. For in-
stance, though it was suggested to stick to in-
tensity distributions, not taking into account
the isoseismals already drawn on some test
cases, some authors felt that the shape of the
isoseismal was important information, so in
some cases they based their conclusions mostly
upon that part of the information. In general, it
seems that authors referring to definition (a)
were more likely to request additional data
than those referring to definition (b). This can
be explained by the argument that definition
(b) only requires one to recreate the observed
pattern of intensities, not to explain it. How-
ever, extra information can still be relevant for
definition (b), as for instance explanation as to
why data are lacking from some part of the
map.

Requests made included:

— checking adjacent countries for further
data;

— clarification of the reasons for lack of
data in a particular area;

— date of event;

— information about association with vol-
canic eruption (a special case);

— information on local tectonics;

— information on places deemed anoma-
lous, e.g. settlement size, soil conditions;

— time of event;

— topographical information;

— sight of the original reports (check for
overestimation, quality of assessment).

Of these, information on local soil condi-
tions and topography were most commonly re-
quested. It should be mentioned that none of
these requests were met in the course of the
exercise — authors had to manage without the
information they said they wanted. It is also
possible that some authors would have used in-
formation had they known it was relevant or
available, but which they would not thought to
have asked for in a routine way. For example,
in case K, confusion in the time and date infor-
mation in the original reports lends some credi-
bility to the idea that multiple earthquakes may
be represented on the map. This is information
that was used by some authors who were pre-
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viously familiar with the original data, but not
suspected by others.

Isoseismals present a different case, assum-
ing that one regards them in this context as ad-
ditional information. In retrospect it was a
weakness in the experiment that some maps
had isoseismals drawn on them already; it was
not always possible to tell what influence these
had. However, it is clear that many authors
drew their own isoseismals on test cases with-
out such lines, or in some cases redrew the pre-
existing isoseismals.

Processing — This problem showed a variety
of positions. Some of the different processing
procedures came from the two definitions, but
with some overlap.

The following «rules» were found for epi-
central determination:

— arbitrary values where data are poor;

— barycentre of all points;

— barycentre of highest intensity points (not
isoseismals);

— barycentre of highest isoseismal;

— barycentre of the first two isoseismals:

— epicentre coincident with 7,,,;

— middle point between two highest inten-
sity points;

— point which minimises the residuals with
calculated intensities from an attenuation
model.

Not all of these are applicable to all cases:
some authors clearly had a «palette» of tech-
niques from which one would be selected to
meet the demands of a particular case. For in-
stance, one author was quite consistent about
choosing first the barycentre of the highest iso-
seismal, then the middle point between the two
highest intensity points, then the I',.x position
as the data permitted. Other authors seemed
more inclined to follow a hunch, and many
were unspecific as to the procedure they fol-
lowed. Unsurprisingly, the difficult cases, such
as those with offshore epicentres, gave the
greatest variations as «rules» started to break
down; it was interesting to note in which cases
some authors would refuse to assign an epicen-
tre at all, while others would give an arbitrary

one or an approximate one, perhaps with a dif-
ferent symbol. The most commonly declared
rule was the barycentre of the highest isoseis-
mal — which is of course the traditional defini-
tion as shown earlier.

The last rule in the list above is a special
case in that it must be applied computationally,
and was therefore only available to two authors
who happened to have data files of the various
points. This is a very non-traditional approach
but interesting in that it can be applied quite
consistently and in a more objective fashion. It
is evidently highly attuned to definition (b). It
was this approach that led to the demand for a
multiple epicentre solution in case L — not for
any supposition that this was truly a multiple
event but only in order to minimise the residu-
als to a greater degree than could be managed
with one epicentre and a non-directional atten-
uation model. A different computational model
for assessing macroseismic epicentre was pro-
posed by Shumila (1994).

By comparison, determining the epicentre
according to definition (a) tends to lead to a
less uniform approach in which any clues of-
fered by individual cases will be utilised.

Rules for assessing I, also varied. Usual
was Iy = I, for cases with epicentres on land.
The group was split according to those who
defined I, as an extrapolated value and those
who defined it as an observed value (the ma-
Jority). As shown earlier, this is a long-stand-
ing discrepancy. Where I, is defined as an ob-
served value, the rule for assessing it is
straightforward, but not always consistently ap-
plied, e.g. where it is felt that one value may
be overestimated. The «extrapolators» were not
always explicit (and apparently not always
consistent) about their methods, though
one quoted the formula of Blake (1941) as a
basis.

Some connection between epicentral deter-
mination and /, choice could be seen, chiefly
in cases where one data point had a higher in-
tensity than any other. Some authors accepted
this as the location of the epicentre, and there-
fore the high intensity value became the Iy.
Others would question the value, move the epi-
centre away from it, and quote a lower I,.
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6. Conclusions

There has been a long-standing confusion as
to the precise meaning of the concept «macro-
seismic epicentre», originating from the way in
which instrumental methods of location took
over from macroseismic methods. Initially it is
clear that the physical source of the earthquake
was intended, but the failure of macroseismic
methods based on direction or time estimates
directed seismologists to a method (centroid of
highest isoseismal) which was actually deter-
mining something other than the instrumental
epicentre. There are now clearly two meanings
of the term, one being the best estimate of
what would be the position of the instrumental
epicentre, but working from macroseismic
data. The second is the point which is the cen-
tre of the macroseismic effects, irrespective of
whether this has anything to do with instru-
mental epicentre or fault rupturing. We propose
that a new terminological distinction is neces-
sary, and suggest the term «barycentre» for the
second definition.

The study reported in this paper illustrates
some of the different methods employed by
seismologists in  determining epicentral/
barycentral co-ordinates and I values. Since it
was not an exhaustive survey, no conclusions
can be made with certainty as to which meth-
ods are most common in seismology in gen-
eral. However, the following conclusions are
clear:

— There are two different conceptions of
macroseismic epicentre in use today, and also
two different definitions of epicentral intensity
(Ip). There is no clear matching of these defini-
tions, but those who treat the macroseismic
epicentre as being what we term the barycentre
are the ones more likely to favour definition of
I, as an extrapolated value.

— Most of the authors in the study con-
verted intensity data points to isoseismals
wherever possible before deciding parameters;
a small minority (who were in the barycentre
camp) were definitely opposed to this prac-
tice.

— Authors who attempted to estimate the
«true» epicentre were more likely to be inter-
ested in data other than the intensity informa-

tion presented in order to look for clues that
might assist them. The types of extra data re-
quested were quite wide-ranging, and it is clear
that in real practice other types of data (e.g. af-
tershock information, accuracy of timing)
might also be employed.

— As a result of this, authors in the «true
epicentre» camp are more likely to modify
their methods according to the amount of data
available, while those in the barycentre camp
are more likely to take a method and apply it
consistently, leading to more objective results.
Computer methods are possible for the second
group.

It should be emphasised that we do not see
any superiority of one definition over the other
for either epicentre or I;. In the case of epicen-
tre it is particularly clear that both are valid
and useful concepts once they are understood,
one being useful for seismotectonics and the
other for hazard studies.

For the future we recommend, firstly, that
authors be more aware of potential confusion
of concepts and choose their terminology with
care; better documentation of methods would
also be welcome. Secondly, the evaluation of
formal procedures is needed. If standard proce-
dures can be introduced, it will greatly facili-
tate the construction of mutually compatible
parametric earthquake catalogues.
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