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Abstract

We present a compilation of the twenty recommendations proposed for the implementation of the Global
Seismic Hazard Assessment Program, endorsed in the UN/IDNDR framework, and approved by the second
GSHAP Steering Committee meeting (Mexico, April 1993). The goal of this document is to promote a
common methodology under GSHAP to deal with the four basic elements of hazard assessment: earth-
quake catalogues and associated data bases, seismotectonics and earthquake source zones, strong seismic

ground motion and seismic hazard computation.

1. Introduction

The proposal by the International Lithosphe-
re Program for a Global Seismic Hazard As-
sessment Program (GSHAP) has been en-
dorsed as an international demonstration pro-
Ject by the Scientific and Technical Commit-
tee of the UN’s International Decade for Nat-
ural Disasters Reduction.

To provide a framework for GSHAP, rep-
resentatives of 27 countries and most of the
international and regional agencies involved in
seismic hazard assessment were invited to a
technical planning meeting in Rome, 1-3 June
1992. The purpose of this meeting was to ver-
ify the consensus of the scientific community
on the need for GSHAP and to define the pro-
gram goals and specifications. To develop a
common methodology for seismic hazard as-
sessment under GSHAP, four internationally
recognized scientists were asked to provide
recommendations at the Rome technical plan-
ning meeting on the four basic elements of
hazard assessment: earthquake catalogues and
associated data bases (A. Johnston); seismo-
tectonics and earthquake source zones (R.
Muir-Wood); strong seismic ground motion
(D. Boore); and seismic hazard computation
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(R. McGuire). A volume of proceedings, in
press in the summer of 1993 (Giardini and
Basham, 1993), contains the detailed reports
presented in Rome and the technical guide-
lines (Johnston and Halchuk, 1993; Muir-
Wood, 1993; Boore and Ambraseys, 1993;
McGuire, 1993). Working groups were formed
at the technical planning meeting on each of
the four basic elements, chaired by the theme
leaders, to assess the recommendations for
GSHAP implementation in the wide variety of
conditions found around the globe.

Additional invited contributions to the
technical planning meeting were on the impor-
tant aspects of analysing historical earthquake
data (Guidoboni and Stucchi, 1993), and on
the results that have been achieved under the
three ILP Theme II projects: world stress map
(Zoback, 1993); world map of active faults
(Trifonov and Machette, 1993); and paleoseis-
micity of the late Holocene (Pantosti and
Yeats, 1993).

The four theme leaders were then asked by
the GSHAP Steering Committee to consider
the results of the Rome working groups, the
information provided under these special
themes, and their general experience from
contacts around the globe, and prepare spe-
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cific recommendations on the technical guide-
lines to be adopted by GSHAP for consider-
ation at the second GSHAP Steering Commit-
tee meeting, held in Mexico in April 1993.
The following is a compilation of the twenty
recommendations (R) as accepted by the
Committee.

2. Earthquake catalogues and data bases

The GSHAP Steering Committee, at its
first meeting in Rome, recommended that the
initial work at the Regional Centres be fo-
cused on the improvement of the earthquake
catalogues, an activity that is needed in all re-
gions and one that could begin even before
full funding has been established. In addition,
it is generally recognized that there is a need
for the development of more complete global
earthquake catalogues to serve as reference
standards.

Specific recommendations on the cata-
logues and data bases are as follows:

R1
Seismicity data should be considered in three
time-period categories:

1) 1964-present, modern instrumental data
is available from the International Seismolo-
gical Centre (ISC) data base; numerous cata-
logues and data bases have been compiled at
regional, national and local scale; Harvard
Centroid-Moment Tensor solutions (CMT) are
available from 1977 to present;

2) 1900-1963, early instrumental data; main
data sources are ISS, BCIS and Gutenberg and
Richter (1954); principal information will of-
ten be non-instrumental;

3) Pre-1900, pre-instrumental; data sources
will be historical and macroseismic only.

R.2

For the modern instrumental data the ISC cat-
alogue should be the default. That is, ISC hy-
pocentral parameters will be used for 1964 to
the present unless substituted or augmented
with better local and/or regional data, which
in some cases might be macroseismic. Howev-
er, there are three important problems with
ISC data to consider:
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a) many ISC focal depths based on depth
phases will need critical reappraisal;

b) as the ISC did not adopt surface-wave
magnitudes until 1978, the PDE (NEIC) values
will be adopted for 1968-1978;

¢) the ISC computed M with no depth re-
striction from January 1978 to June 1981; for
events at depths greater than 60-70 km these
magnitudes are invalid.

As the ISC is considering the adoption of
new location and quantification procedures
and data formats for its future operation, it is
recommended that the ISC be asked:

a) to consider these recommendations;

b) to adopt newly available travel times
and new location procedures in agreement
with NEIC and the TASPEI Commission on
Practice;

c) to re-evaluate its catalogue from 1964
following these same procedures.

R.3

For the early instrumental era, a significant ef-
fort is justified to improve the existing data
banks. This should include, but need not be
restricted to:

a) merger of the event phase data present
in the ISS and BCIS data bases;

b) recomputation of hypocentres using
these data and modern techniques, including
the newly-adopted travel-time tables;

¢) compilation of instrumental data for the
period 1890-1913 from all available sources,
particularly in those regions where larger
events in this time period may be important to
the earthquake history.

Activities a) and b) are being undertaken
jointly by USGS and UNAM as a two-year
GSHAP special project. It is recommended
that the technical procedures followed in the
re-locations using the BCIS and ISS data be
consistent with those adopted by ISC, so as to
create for the first time a uniform global in-
strumental earthquake catalogue.

R4

For the pre-instrumental, historical era, it is
recognized that it will be beyond the general
scope of GSHAP to compile and analyse/rean-
alyse historical earthquakes on a global scale.
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Each Regional Centre, however, will establish
a regional catalogue of historical seismicity,
focusing reanalysis efforts on the larger events
important to an understanding of the earth-
quake history. The merger of the regional his-
torical catalogues will allow, for the first time,
the compilation of a uniform global historical
earthquake catalogue.

R.5

The earthquake size descriptor for the GSHAP
seismicity data base — instrumental and histor-
ical, global and regional — will be the moment
magnitude M as defined by Hanks and Kana-
mori (1979). Because seismic moment M, will
be available for only a small fraction (<5%)
of the total data base, a moment magnitude
must be estimated from the available instru-
mental or macroseismic data. The regressions
on magnitude and/or isoseismal area to esti-
mate M should be developed on a regional ba-
sis by each Regional Centre. An example of
the hierarchy of estimation methods for M for
earthquakes in stable continental regions is
given in Appendix A. Calibration events for
use in the regressions should be treated as
events of special interest by the Regional Cen-
tres and receive the most thorough data com-
pilation and analysis.

R.6

The minimum magnitude for the global seis-
micity data base will vary by region. Stable
intraplate regions should have a lower mini-
mum magnitude threshold than active intra-
plate or plate boundary zones. Selection of
minimum magnitude threshold should be
made by the Regional Centres, and in no case
should it be higher than M = 5. Minimum
magnitude is closely tied to the problem of
estimating levels of completeness for the data
base. Both will vary temporally and spatially;
their specification on a global scale will be a
major undertaking that will require close coor-
dination and guidance at the Steering Commit-
tee level.

R.7

Even though most deep earthquakes and
oceanic ridge and transform earthquakes pose
negligible risk, the GSHAP is a unique under-
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taking and its goals should extend beyond the
immediate (and highest priority) objective of
quantifying seismic hazard globally. An earth-
quake catalogue that is truly global will have
a lasting scientific value and should be a goal
of GSHAP. It is recommended that Regional
Centres expand their efforts in establishing
high-quality earthquake catalogues to the en-
tire geographical extent of their regions.

R.8

A standard data file format is needed for each
earthquake in the GSHAP seismicity data
base. For ease of use in a variety of comput-
ers, the recommended file format is 80 co-
lumns, with flag entries to other supplemen-
tary files. The recommended format that al-
lows for the different data requirements of the
three data eras, modern instrumental, early in-
strumental and pre-instrumental, is described
in Appendix B.

3. Seismotectonics and earthquake source
zones

A key component of seismic hazard assess-
ment is the creation of the seismic source
model, which demands translating seismotec-
tonic information into a spatial approximation
of earthquake localization and recurrence. The
whole process of collecting and analysing
seismotectonic knowledge has to be explicit
so that it becomes possible to question on
what basis judgements were made in the con-
struction of the seismic source model (Muir-
Wood, 1993).

Specific recommendations on the compila-
tion and interpretation of the seismotectonic
information are as follows:

R.9

Each Regional Centre should identify a key
individual with a background in neotectonics,
geodynamics and earthquake geology well
aware of the published information and its
limitations, who will have the task of assem-
bling and critically reviewing all of the rele-
vant information.

R.10

The Regional Centres should take advantage
of all information available from the ILP
Theme 1II projects on Contemporary Dynamics
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and Deep Processes. The project on the world
stress map has been completed, as described
by Zoback (1992). The status of the projects
on the world map of active faults and paleo-
seismicity of the late Holocene, is described
by Trifonov and Machette (1993) and by Pan-
tosti and Yeats (1993), respectively. Regional
Centres should maintain contact with the latter
project leaders to keep apprised of progress.

R11

Each Regional Centre should undertake a re-
view to explore the depth and reliability of
seismotectonic knowledge in its region. The
results of the review would be used to deter-
mine the uncertainties inherent in the seismic
estimates, and to define future research objec-
tives. A review can be undertaken through the
pursuit of answers to a series of questions:

a) What is the degree to which geological
deformation and earthquake sources can read-
ily be mapped at surface outcrop?

b) How intensively have active faults or
fault scarps been searched for? How many of
these have been investigated and dated in nat-
ural and artificial exposures?

c) Is there an alternative mean of assessing
regional deformation rates based on plate tec-
tonics or geodetic information?

d) What is the level of geological analysis
of recent deformation?

e) How does historical moment release
compare with the rate of regional deformation
estimated from plate boundary constructs and
geological evidence?

f) Is there a scientific consensus as to the
current seismotectonic state?

R.12
The results of the seismotectonic compilation
should be summarized into a single report
with maps, review articles and reference lists.
A common style should be adopted and the
set of seismotectonic chapter headings could
be as follows:
1) regional crustal and tectonic structure;
2) regional deformation rates and styles;
3) regional rates of seismicity;
4) the locations and style of the principal
faults controlling the deformation;
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5) the recurrence intervals of major fault
rupture events and dates of the last episode of
fault movement in different parts of the re-
gion;

6) evidence for spatio-temporal variations
in earthquake activity.

R.13

Using all of the available seismotectonic in-
formation, earthquake source zones will be
designated for the region. Faults would be
specified by geometry (in three dimensions),
sense of slip, segmentation, and a function de-
scribing rupture length or area as a function of
magnitude. If faults cannot be identified, the
locations of possible earthquakes must be rep-
resented with areal sources within which
earthquake characteristics are designated to be
uniform. For each seismic source, fault or ar-
ea, the earthquake recurrence model must be
specified.

4. Strong seismic ground motion

The third main element required for seis-
mic hazard assessment is the designation of
the strong ground motion estimation equa-
tions, specifying the strong ground motion as
a function of earthquake size (M) and hypo-
central distance. These equations have been
developed for only a few regions of the world.
Obtaining realistic estimates of strong ground
motions in all regions is a major challenge
that must be met if GSHAP is to be a success
(Boore and Ambraseys, 1993).

Specific recommendations on strong ground
seismic motions are as follows:

R.14

It is recognized that some existing hazard as-
sessments are based on qualitative estimates
of earthquake effects such as intensity, and
used for official national zoning maps. How-
ever, for a uniform application throughout all
regions under GSHAP, it is recommended that
quantitative ground motion parameters such as
peak ground acceleration, peak ground veloc-
ity and spectral velocity for specified damping
and structural frequencies be employed. As
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there is no accepted worldwide standard con-
cerning the parameters used to quantify and
display seismic hazard, it is recommended that
the views of the international earthquake engi-
neering community be sought on the question
of the set of strong ground motion parameters
that should be used in the GSHAP hazard es-
timates. Dr. Giuseppe Grandori, a member of
the GSHAP Steering Committee, has agreed
to consult the earthquake engineering commu-
nity on this question and report their views by
early 1994.

R.15

Each Regional Centre should evaluate all
ground motion studies done in the region, in-
cluding studies done by seismological observ-
atories for purposes of magnitude estimation
at regional distances, for they can be used to
obtain the attenuation of ground motion with
distance.

R.16

Lacking any studies of ground motion atten-
uation and source scaling in the region or suf-
ficient ground motion data to obtain new re-
gressions, then studies from other parts of the
world must be used. It is recommended that a
thorough review of ground motion predictions
throughout the world be conducted as a
GSHAP special program by a small team of
international experts, with attention paid to the
geophysical and geological parameters that
might control the rate of attenuation and the
scaling of motions with source size. Although
primary attention should be given to empirical
studies, almost certainly theoretical consider-
ations will prove to be essential. An attempt
should be made to minimize the number of
generic tectonic regimes and earth structures;
a few, ranging from Precambrian shield to
subduction regions, is probably sufficient. Dr.
D. Boore of the United States Geological Sur-
vey has agreed to head a small international
team to undertake this review.

R.17

On a regional basis, GSHAP will initially be
computing ground shaking hazard for rock
sites. The program does not encompass micro-
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zonation studies or the assessment of the re-
sponse of soils on a site-specific basis. How-
ever, where deep soils have a wide areal ex-
tent and will have a significant influence on
the shaking hazard, they must be taken into
account for GSHAP products to be useful.
Therefore, Regional Centres should compile a
map or data base of surficial geology where
deep soils have a wide extent in the inhabited
portions of the region. Initially, such a map or
data base may simply lump the surficial geol-
ogy into «rock» and «soil» categories, but it
will be important to have better-defined soil
profiles in areas where the response of the soil
may be significant in altering the hazard.

R.18

The process of converting descriptions of
near-surface geology into variations of ground
motion is not standardized, although many
building codes have foundation factors that
modify rock motions for different types and
depths of soil columns. It is recommended
that a global survey of such procedures be
done as a GSHAP special program (by the
same international team of R.16), resulting in
recommendations for translating geological
descriptions of soil profiles into ground mo-
tion variations.

5. Computation of seismic hazard

The GSHAP Steering Committee recogniz-
es that countries around the world employ dif-
ferent hazard computation methods for the de-
velopment of national seismic zoning regula-
tions. GSHAP does not wish to, and in fact
cannot, dictate methodology that may differ
from well-established practice in developed
countries. The intent of GSHAP is to provide
a common methodology that may be applied
throughout an entire  GSHAP region (and
when compiled together, to build a common
global hazard base), and, where needed, to
provide a well-accepted methodology to coun-
tries where such practices are poorly devel-
oped or non-existent.
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R.19

It is recommended that a probabilistic seismic
hazard computation of the type introduced by
Cornell (1968) be adopted for global applica-
tion in the GSHAP framework.

6. Software tools for hazard computations

For the development of seismic hazard
products to work efficiently, the primary effort
of the geoscientists at the Regional Centres
and in each country should be on evaluating
data and making interpretations, not on devel-
oping software for evaluations and interpreta-
tions.

R.20

It is recommended that a comprehensive pack-
age of software be developed under the guid-
ance of the GSHAP Coordinating Centre and
made available to the Regional Centres and
the working groups in each country. The soft-
ware package should contain the following
modules:

a) Catalogue manipulation. The earthquake
catalogues are the fundamental data base for
earthquake hazard analysis and deserve the
closest scrutiny. This software module will
provide a capability to perform two major
functions: 1) process catalogues of different
formats, eliminate duplicates and produce a
master catalogue in the recommended format
(R.8); and 2) convert all seismic size estimates
to moment magnitude (R.5), assigning uncer-
tainties to these estimates. Commercial data
base software will be evaluated for this pur-
pose.

b) Plotting module. This module will en-
able: 1) plotting of epicentres from the master
catalogue on a geographical base of land
masses and political boundaries; 2) the inter-
active display and analysis of all areal geolog-
ical and tectonic data bases available in digital
form; and 3) the display of contoured seismic
hazard maps and associated uncertainty. Com-
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mercial GIS software will be evaluated for
this purpose.

¢) Recurrence parameter estimation. From
the master catalogue, and using the geometry
of the seismic source zones, this module will
assemble earthquake counts by magnitude
range and year, from which periods of com-
plete reporting can be estimated. The module
would estimate rates of activity and b-values
for each source zone using a maximum likeli-
hood procedure such as that developed by
Weichert (1980).

d) Hazard computation. The Coordinating
Centre will undertake a review of a variety of
Cornell-type hazard computation codes in use
in agencies around the world and make a de-
cision on the code appropriate to GSHAP pur-
poses. This code will calculate hazard for a
grid of sites; have the capability of weighting
different seismic sources and ground motion
equations; and produce a mean hazard result,
with uncertainty, in terms of both probabilities
of exceedence for several ground motion am-
plitudes and specific amplitudes corresponding
to selected probabilities.
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Appendix A. Hierarchy of estimation methods for moment magnitude.

Johnston and Halchuk (1993) have established a hierarchy of estimation methods for determining moment

magnitude M for earthquakes in stable continental
all those below it:

1) M derived directly from the seismic moment M,

plate interiors, where any method takes precedence over

2) M estimated from standard teleseismic magnitudes;

3) M estimated from measured isoseismal areas;

4) M estimated from regional or non-standard instrumental magnitudes;
5) M estimated from quoted intensity areas, radii or magnitudes;

6) M estimated from number of recording stations;
7) M estimated from epicentral intensity;
8) M assigned by judgement.

Johnston and Halchuk provide more details within each of these eight categories, including estimates of
uncertainty on the derived M. This hierarchy has been derived for stable continental plate interiors and
may not apply in exactly the same order in other seismotectonic environments such as tectonically active
intraplate zones and plate boundary zones; the hierarchy and associated regressions to estimate M will need
to be developed by each Regional Centre in accordance with its seismotectonic environments.

Appendix B. The GSHAP primary seismicity data file format.

INTRODUCTORY REMARKS

1) For reasons elaborated in the text, the recommended format for the GSHAP seismicity data file is
standard Fortran, 80 characters (columns) length. It is recognized that many modern data bases have much
more sophisticated and complex formatting. However, for global use in the widest possible variety of
computing environments, this format is unrivaled. Data complexity, ambiguity, and multiple values are
accomodated through flags to detailed supplementary files. Moreover, the 80-character format is more than
adequate to fulfill the requirements of a wide spectrum of seismic hazard analytical applications.

21




Peter Basham and Domenico Giardini

2) A guiding principle for the data file was that the same format must serve for every earthquake, whether
it occurred in: a) the pre-instrumental era (pre-twentieth century); b) the early instrumental era (~1900-
1963), or the modern instrumental era (1964-present). This was considered essential for a homogeneous
seismicity catalogue, which in turn is a primary requirement of seismic hazard analysis. Although the
primary data file for the three eras is standardized, the flagged supplementary files will be different (see
comment, columns 75-80).

3) Each event in the catalogue will be assigned a single size descriptor. The GSHAP Steering Committee
has adopted moment magnitude (M,, or M) as that descriptor. Since only a small percentage of earthquakes
have a measured seismic moment, a hierarchy of regression methods has been designed to estimate M,
from other magnitudes or intensity data (see comment, columns 54-60 and Appendix A). All original
magnitude or intensity data will be retained in secondary data files, keyed by flags in the primary file.

Other details concerning specific entries in the data file are found in comments following the column

number in the format description below.

GSHAP - Primary Data Record
80 columns, Fortran format

1 Al record type: M modern instrumental
I all instrumental
K all macroseismic
B mixed

Comment allows the catalogue to be easily sorted for instrumental or historical subsets.

2-4 I3 Flinn-Engdahl Region number
5-6 A2 country/ocean code-2-letter 1.D.

Comment many hazard assessments will be at the national level. This field allows the easy sorting by
country.

6-10 I5 year-negative is BC
11-12 12 month
13-14 12 day
15-16 12 hour
17-18 12 minute

19-21 F3.1 second

22-27 F6.3 latitude (decimal degrees; south is —)
28-34 F7.3 longitude (decimal degrees; west is —)
35-38 14 epicenter source reference number

Comment the source reference number for the epicenter (also col. 43-46 for depth, and 61-64 for moment
magnitude) will specify the primary source for the data. Often this will be just primary agencies such as
ISC, NEIC, EMSC, ISS, etc., but it is anticipated that many of the primary data sources, especially for
historical data will be from the literature. The 14 field will allow up to 9999 entries in the GSHAP source
bibliography.

39 Al epicenter descriptor T teleseismic instrumental
C centroid

R regional instrumental

L local instrumental

M

macroseismic
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40-42 13 hypocentral depth (nearest km)
43-46 14 depth source reference number
47 Al depth descriptor L local network solution
T teleseismic/regional
P depth phases
w waveform modelling or inversion
M macroseismic
R restricted

48-51 F4.2 log(M,) M, in dyne-cm

Comment this will be a measured quantity only for events with directly determined M ; otherwise it is
obtained from regressions on the other parameters listed in col. 54-60. Dyne-cm are used to conform to the
Hanks and Kanamori definition of moment magnitude.

52-53 F2.1 moment magnitude (Hanks and Kanamori, 1979)

54-60 A7 M, calculation/quality category: list in priority order all that are applicable up to
maximum of 7.

instrumental (seismic) M,

M, from field/geodetic observations

teleseismic M, and m, available

teleseismic M, only

teleseismic m, only

instrumental m,,

M, (Gutenberg and Richter 54); not class «d»

isoseismal contour areas-regression to M,

direct M,-log(M,) regression

regional m,, M, (non-ISC/NEIS)

M, regressed to m, /M, then to M,

Mgy, class «d» (Gutenberg and Richter 54)

M, from number of recording stations

M, from quoted isoseismal areas/radii

M, from intensity-based m,, M,, m,,

M, from I, (epicentral/maximum I)

M, assigned by judgement

QUOZZIR—-=maTmmoaw»

Comment these columns detail the number of ways of estimating M,. For events with abundant data, the
number may exceed the allotted 7 columns in which case only the highest priority 7 are listed. If less than
7 methods are used, the remaining columns are blank.

61-64 14 M,, primary data source reference number

65 Al event type independent (mainshock)
aftershock

foreshock

swarm

doublet

triplet

induced: reservoir
induced: mining/wells
rockburst

WZAHOw T

Comment allows the catalogue to be sorted for independent events only, which is often desirable or
necessary in hazard calculations. This will place the responsibility for identification of dependent and
induced events with the Regional Centres. The classification allows for «quasi-independent» doublets,
triplets, or swarms.
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66-68 F3.1 max/epicentral intensity (allows half-values)

MMI
MSK
MCS

RF
Japanese
other

69 Al intensity scale

tsunami

casualties

damage

felt

seiche

liquefaction
landslides
earthquake lights
surface faulting
surface deformation

70-74 A5 associated phenomena:

XTmprumgn-d O-FARZ

Flags to Other Additional / Secondary Record Files
— 0 indicates that no additional/secondary files exist

75 11 # of additional/secondary epicenter, depth, and other instrumental data records
76 I # of additional/secondary magnitude records

77 I1 # of focal mechanism/moment tensor records

78 I1 # of source parameter records

79 I # of isoseismal data records

80 I1 # of comment records

Comment the detailed formats of these supplementary records will be determined following a six-month
trial evaluation of the GSHAP data formats — both primary and supplementary — at the Regional Cen-
tres. This evaluation period will allow the twin requirements of comprehensiveness and flexibility of the
data base to be best achieved. After the test period the GSHAP Steering Committee will evaluate the
results and formally adopt the final primary and supplementary data file formats.
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