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Abstract

We review the programs in seismic hazard assessment conducted by the former USSR since 1930 and
present the elements of the new five-year effort to produce a set of five seismic hazard maps for Northern
Eurasia. We also review the plans for regional implementation of GSHAP and cooperation within Asia.

1. Introduction: hazard programs in the
USSR until 1990

The work on seismic zoning of the USSR
territory started in the 30’s. The first norma-
tive map of seismic zoning (CP), prepared by
the Seismological Institute of the Academy of
Sciences of the USSR in 1937, was included
in the «Regulations of earthquake engineer-
ing» and recommended for use by engineering
organizations. In the coming years, the stan-
dard CP maps were reconsidered as new
seismological and geological geophysical data
were accumulated and the methods of engi-
neering calculations improved.

In the 70’s new methods of assessing
earthquake ~constructions designs appeared,
based not only on intensity data but taking in-
to account quantitative characteristics of oscil-
lations (accelerations) dependent on the inten-
sity of shakings, magnitudes and epicentral
distances. The concept that zones of most
probable occurrence of earthquakes (the BO3
zones) should be marked on the maps (fig. 1)
originated the new CP-78 map. A group of 40
scientific institutions (under the leadership of
the Institute of Physics of the Earth, USSR
Academy of Sciences) worked over this map
in accordance with the coordination plan of
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the State Committee on Science and Engineer-
ing at the USSR Council of Ministers, with
different technical assignments. The zones
with shaking intensity V-IX were shown on
the CP-78 map at the scale 1:5 000 000, a sup-
plement to the State Engineering Codes. The
recurrence of quakes with intensity VII-IX in
100, 1000 and 10 000 years is marked by the
1,2,3 indexes. The BO3 zones, with events
with magnitudes = 7.1, are shown in the re-
gions with intensity IX, where residual defor-
mations, destructive effects such as collapses,
lanslides and mud flows may occur on the
Earth surface in addition to seismic oscilla-
tions with intensity over IX.

The data that have been accumulated since
1978 allow to improve the CP-78 map, and
provide a basis for new seismic risk assess-
ment.

2. The new seismic hazard assessment
program for Northern Eurasia

The purpose of the present investigations is
the development of a new generation of scien-
tifically sound seismic hazard assessment and
seismic zoning of the territory of the countries
of Northern Eurasia — Russian Federation and
contiguous states (fig. 2).
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Seismic hazard assessment in Northern Eurasia

Seismic zoning and seismic hazard assess-
ment is the result of fundamental and applied
seismological investigations. The seismozon-
ing maps are part of a list of normative docu-
mentation, regulating planning and construc-
tions in active regions. Every 10-15 years,
while additional information on earthquakes is
being accumulated and seismological know-
ledge improved, the maps are being renewed.
However, these maps are also partially
changed more often, practically after every
large earthquake that occurs in a region shown
on the map as less active from the seismic
point of view. This happened to the CP-78
map that has been in operation since 1978: on-
ly in the last three years four earthquakes with
intensity = VII MM I occurred in the territory
of Armenia (1988), Kazakhstan (1990), Geor-
gia (1991) and in the North of Kamchatka
(1991).

Seismic zoning is one of the most compli-
cated and crucial problems of worldwide seis-
mology. The complexity of the problem lies in
its relation to the category of prediction based
on incomplete information, poor and not al-
ways successful experience and insufficiently
firm methodological positions. Therefore, each
seismozoning map compiled in the past years
appears to be inadequate to simulate real nat-
ural conditions, that along with low quality
of construction continue to result in vast mate-
rial damage and tens of thousands of human
losses.

A number of specific reasons lowering the
level of seismologic investigations and quality
of seismic zoning maps is known at present.
The critical points are:

— absence of scientific-methodological ba-
sis and geodynamic models, that adequately
reflect the nature of seismic phenomena;

— irregular and inadequate knowledge of
seismically active tectonics and contemporary
geodynamics of different regions of the coun-
try and, genetically associated with them, of
contiguous seismoactive zones of bordering
countries and of vast platform territories with
low activity;

— lack of reliable methods of estimation of
value and recurrence of maximum possible
earthquakes;
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— lack of valuable comparative analysis of
efficiency of the methods and techniques of
seismic zoning applied in different regions;

— ignorance of historical and paleoseismo-
logical information on strong and hazardous
earthquakes of the past;

— insufficient level of scientific coordina-
tion, leading to narrow administrative, depart-
mental, but not regional and interregional ap-
proach to the study of genetically united seis-
moactive territories;

— irregularity and lack of control over the
quality of state and individual construction,
coupled to the lack of a proper system of in-
surance and of means to compensate material
and social damage caused by earthquakes;

— non-optimal and irrational deployment of
networks of seismological stations and observ-
atories, often of insufficient technical stan-
dards;

— complete ignorance of developments and
applications of methods of long-term predic-
tion of seismic activity, to reveal specific fo-
cal zones of increased probability of strong
earthquakes in the next years and to imple-
ment preventing measures.

The latest achievements in the fields of
fundamental seismology and global geody-
namics, in the dynamics of discrete hierarchy-
cal and fractal geostructures, in the evolution
of the seismic process and the corresponding
conceptual and methodological developments
allow today to improve and further develop
new methods of seismic zoning.

To solve specific tasks, a comparative anal-
ysis of the existing methods and of their mer-
its and drawbacks will be needed. A system-
atic approach to unify seismological, engineer-
ing-seismological, tectonic and other geolog-
ical-geophysical data is required, for the de-
tailed study of seismicity structures in each re-
gion on the contiguous foreign seismoactive
territory, to estimate magnitudes of possible
maximum earthquakes and their recurrence, to
reveal potential focal zones also by instrumen-
tal, historical and paleoseismological data. It
is necessary to develop stochastic models of
focal seismicity adequately reflecting probabi-
listic character of seismic phenomena along
with the deterministic ones.
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Seismic hazard assessment in Northern Eurasia

The program of scientific research for
1992-1996 titled «Seismicity and seismic zon-
ing of Northern Eurasia» was formulated first-
ly in 1990-1991 («Development of scientific
basis of seismic hazard estimation and cre-
ation of new maps of seismic zoning of the
USSR territory»). It is being implemented
within the State scientific-technical program
«Global changes in environment and climate»,
but now as an independent scientific direction
«Seismicity and processes associated with it in
environment». The program, as before, con-
sists of seven principal stages of investiga-
tions.

2.1. Development of methodological and
scientific bases of qualitative estimation
of seismic hazard (1991-1995)

These investigations are aimed at revealing
potential focal zones and estimating their seis-
mogenic potential, the seismic effects and the
associated seismic hazard. Already in the first
stage (1991-1992) it is necessary to establish
the parameters of the seismic zoning map,
which, in particular, must reflect the nature of
the seismological and geotectonical informa-
tion. The regularities in the seismic and tec-
tonic structures, the seismic regime, the qual-
itative correlations (fractal regularity) of geo-
metrical and dynamic characteristics of hierar-
chical lithospheric structures and the hierarchy
of spatial-temporal and energetic distribution
of earthquakes are studied. Alternative models
of lithosphere dynamics and seismic processes
are constructed. New methods are developed,
and the existing ones improved, to reveal po-
tential focal zones, estimate the value Mmax
and the recurrence in the time of possible
maximum earthquakes. The following subjects
are studied:

1) study of detailed structure, state of
stress, strain distribution and dynamics of the
lithosphere, creation of geodynamic models of
seismogenic zones with the purpose of rank-
ing their seismic potential (1991-1994);

2) study of seismicity distribution and re-
gime and development of seismogenic models
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to identify seismic zones and estimate their
seismic potential (Mmax) (1991-1995);

3) development of methods of assessment
of seismic hazard with the purpose of improv-
ing the seismic zoning map (1991-1993).

2.2. Creation of specialized data base and
software system (1991-1993)

The work consists in the acquisition, analy-
sis and unification of seismological (including
historical), geological-geophysical (including
paleoseismological), tectonic, geodynamic and
other data in digital data bases with a set of
service programs and explanatory notes on the
principles and methods of their compilation.
The acquisition of unified catalogues of earth-
quakes will be incremented with information
about location, technical equipment and devel-
opment of network of seismic stations and en-
gineering seismometric sites across the whole
territory. The compilation of the data bases,
naturally, will continue after the term stated
above. Special attention will be paid to the ac-
quisition of information on seismic phenom-
ena in low active territories (the Eastern-Eu-
ropean platform, the Urals, Siberia etc.).

Regional earthquake catalogue from a rep-
resentative energetic (magnitude) level will be
compiled for each of the five regions (fig. 3).

The following tasks will be completed in
this section:

1) the creation of a unified general cata-
logue of strong earthquakes with M = 6.0 on
the territory of Northern Eurasia (instrumental
and macroseismic data) (1991-1994) in basic
parameter format (1991-1992) and in extended
format (1993-1994);

2) the creation of regional earthquake cata-
logues with M = Mmin (K = Kmin) with esti-
mation of representativeness of data (1991-
1992);

3) the compilation of geological-geophys-
ical data bases for seismic zoning (1992-1993);

4) the creation of a data base of active tec-
tonics and large fault systems (1991-1992);

5) the creation of data bases on the stress-
strain state of the Earth crust and focal param-
eters of earthquakes (1991-1992).
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Fig. 3. Coverage of seismoactive regions of Northern Eurasia by regional map sheets NN 1-5 (azi-
muthal projection): 1,2) earthquakes respectfully with M = 8.5 and M = 8.0, occurred in the last century;
3) axes of the main active convergent regions (zones of contemporary subduction and their relicts on the
continents); 4) axes of the main active divergent (rifts) zones; 5) seismolineaments of earthquake with M =
7.5; 6) proposed seismolineaments of earthquake with M = 5.0 of the East European platform; 7) direction
of displacement of the main lithospheric plates (I - European, II - Asian, III - North-American, IV -
Arabian, V - Hindustan, VI - Chinese, VII - Phillippines, VIII - Pacific); 8) state borderlines; 9) capitals of

states.

2.3. Analysis and mapping of basic parame-
ters characterizing depth structure, ac-
tive tectonics, present geodynamics and
seismicity at the scale 1 : 2500000
(1991-1992)

Mapping of seismicity and other geophys-
ical fields, active faults, block division of the
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Earth crust and upper mantle, neotectonic and
contemporary tectonic movements will be re-
alized at regional and continental scales. The
study of the stress-strain state of lithosphere
and development of regional geodynamic
models will be carried out. The methods to
distinguish hidden active tectonic structures
will be improved and the map of seismic re-
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gionalization of the territory of Northern Eu-
rasia will be derived. The analysis of sensitiv-
ity of operating and planned networks of seis-
mic stations and observatories will allow to
develop recommendations on their optimiza-
tion and future development. Five regional
map models of present geodynamics and seis-
micity of the territory of Northern Eurasia will
be compiled according to the legend and will
be prepared for publication at the scale
1:2 500 000.
The following tasks are carried out:

1) compilation of the map of instrumental
seismological data for different time intervals
on the scale: 1:5 000 000 (1991-1992);

2) compilation of regional maps of epicen-
ters of earthquakes at the scale 1:2 500 000
(1991-1992) and of the territory of Northern
Eurasia at the scale: 1:5 000 000 (1992-1993)
with the corresponding explanatory notes and
catalogues of earthquakes:

a) strong and felt earthquakes from ancient
times up to 1990;

b) earthquakes with M = Mmin for the
period 1960-1990;

3) diagrams and maps of basic parameters
characterizing seismicity and the seismic re-
gime of separate epicentral zones, seismoli-
neaments and seismoactive regions at the
scale 1:2500 000 (1991-1993) and for the
whole territory of Northern Eurasia at the
scale 1:5 000 000 (1993-1994);

4) compilation of unified regional sheets
of isoseismal curves of strong and felt earth-
quakes at the scale 1:2 500 000 (1991-1992)
and of the whole territory of Northern Eurasia
at the scale 1:5 000 000 (1992-1993);

5) compilation of a catalogue and unified
map of paleo and contemporary seismodislo-
cations (1991-1992);

6) compilation of the map of present tec-
tonic movements of the Earth surface at the
scale 1:2 500 000, derived from geodetic data
(1991-1992);

7) compilation of a map of neogene-quar-
ternary movements at the scale 1:2 500 000
(1991-1992).

8) compilation of a map of active faults at
the scale 1:2 500 000 (1991-1992);

9) compilation of a map of the stress-strain
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state of the Earth crust and focal parameters
of earthquakes at the scale 1:2 500 000 (1991-
1992);

10) a diagram of geophysical field ele-
ments, characterizing the depth structure and
present geodynamics at the scale 1:2 500 000
(1991-1992);

11) compilation of regional models of con-
temporary geodynamics and seismicity at the
scale 1:2 500 000 (1991-1992) and a map of
seismogeodynamics of the whole territory of
Northern Eurasia at the scale 1:5000 000
(1992-1993).

2.4. Study of parameters of crustal earth-
quake sources and structural-dynamic

characteristics of the containing medium
(1991-1994)

The study of focal features of the most im-
portant earthquakes on the territory of North-
ern Eurasia includes the analysis of geome-
trical and dynamic characteristics of their
structure and the correlation with geological-
geophysical parameters of the medium, seis-
modislocations, morphological structure and
macroseismic effect. We will also develop
qualitative criteria to reveal potential earth-
quake sources (PES). An atlas of the most im-
portant earthquakes will be compiled; as a re-
sult, seismotectonic and geodynamic focal
models will be created.

Two specific tasks will be:

1) studies (including field ones) of the fea-
tures of strong earthquakes on the territory of
Northern Eurasia (1991-1995);

2) creating an atlas model of focal zones
of the most prominent earthquakes on the ter-
ritory of Russia and contiguous regions (1991-
1994).

2.5. Development of methodological basis to
identify zones of earthquake source oc-
currence (ESO) and compilation of a new
map of ESO zones (1991-1994)

This section includes development and
comparison of different methods of mapping
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potential focal zones with Mmax as well as
the initial geological-geophysical seismologi-
cal information on a regional basis; compila-
tion and analysis of alternative models of the
ESO zones, methods of their construction and
research on the spatial-temporal development
of seismogenic processes. Map models of the
ESO zones for each of the five main regions
at the scale 1:2 500 000 will be created as a
result, and also a summary map of the ESO
zones and potential large earthquakes with
elements of long-term prediction of seismic
activation across the whole territory under in-
vestigation at the scale 1:5 000 000:

1) compilation of summary regional dia-
gram maps of the ESO at the scale
1:2 500 000, based on the acquisition and
analysis of regional map models, made in
1986-1990 according to the program 0.74.03
(1991-1992);

2) compilation of ESO regional maps at
the scale 1:2 500 000, based on the analysis of
geological-geophysical ~ seismological data
(1991-1993);

3) compilation of summary regional maps
of the ESO zones and potential large earth-
quakes at the scale 1:2 500 000 and for whole
Northern Eurasia at the scale 1:5000 000,
based on the joint analysis of alternative mod-
els and compilation methods (1993-1994).

2.6. Investigations of dynamic processes in
the system «focus — medium — seismic ef-
fects», development of new theoretical
and experimental methods of parametri-
zation of seismic effects and their map-
ping for high and weak seismic territo-
ries (1991-1994)

Engineering-seismometric and macroseis-
mic data bases will be built and new methods
will be developed to parametrize seismic ef-
fects taking into account focal radiation, prop-
agation and local effects. The qualitative pa-
rameters, representing the expected seismic ef-
" fects including regions with weak seismicity
and shelf zones, will be estimated and mapped
at the scale 1:2 500 000, based on the map of
the ESO zones:
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1) acquisition of engineering-seismological
data (macroseismic and instrumental ones) on
typical ground conditions and compilation of
digital data base for the basic seismic regions
(1991-1993);

2) development of methods to estimate and
map intensity and qualitative characteristics of
seismic effects, improvement of seismic inten-
sity scale taking into account the new data
and formulation of regional theoretical models
of seismic effects (1991-1993);

3) mapping of seismic effects at the scale
1:2 500 000, based on the ESO zones, taking
into account values and occurrence of maxi-
mum possible earthquakes.

2.7. Compilation of regional sheets of seismic
zoning at the scale 1:2 500000 (1993-
1995) and summary seismozoning map of
the Northern Eurasia at the scale
1:5 000 000 (1995-1996)

At this concluding stage (1993-1996) the
new maps of seismic zoning of the territory of
Russia and contiguous regions, including plat-
forms, the continental shelf and the marginal
seas will be compiled. In addition, further
products of the program will be: a monograph
on methodology and new methods of seismic
zoning; original data bases in digital form; a
map of contemporary geodynamics and seis-
micity of the territory of Northern Eurasia;
improved new catalogue of strong earthquakes
for all this territory from the ancient time until
the present; regional earthquakes catalogue for
the period of 1955-1995 for each of the re-
gions and for all the studied territory as a
whole; maps featuring depth structure and geo-
dynamics of Northern Eurasia (gravity anoma-
ly, neotectonic motion, active faults, recent
motions of the Earth crust etc.); recommenda-
tions to improve seismological observations in
Russia and on the territory of contiguous seis-
moactive regions.

3. Working plan

To successfully realize this program sever-
al elements are needed: the cooperation of
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Fig. 4. 1) GSHAP Regional Centres: M-Moscow, T-Teheran, B-Beijing; 2-6) GSHAP Regions:
2-Northern Eurasia, 3-Continental Europe, 4-Middle East, 5-Central and Southern Asia, 6-East Asia-Ocean-
ia; 7) Northern Eurasia Regional Research Institutions.

specialists from the regions involved and
neighbouring states to study the seismicity and
the seismotectonics of territories genetically
united; the joint work of seismologists, engi-
neering seismologists, geophysicists, geolo-
gists and specialists in earthquake engineering;
the optimization and further development of
the system of instrumental (including digital
ones) observations to monitor the seismic
process even for small events; the creation of
a dense network of accelerometers to record
strong and destroying earthquakes, in order to
accumulate the required information for quant-
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itative estimation of macroseismic and seismic
effects.

Over thirty institutes of the Academy of
Sciences of the Russian Federation and the
academies of science of the neighbouring re-
publics and states, and a number of offices of
other ministeries, as well engaged in this field,
take part in the program. The head executor is
the Institute of Physics of the Earth of RAS.

As it was already pointed out, each of the
five regional sheets represents by itself an in-
dependent basis for compilation of the corre-
sponding map at same scale of 1:2 500 000,
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following a single legend and the same meth-
odology.

Every regional map is accompanied by an
explanatory note and by a single unified re-
gional earthquake catalogue from the mini-
mum energetic level, covering the whole cor-
responding regional map sheet.

The regional sheets overlap, allowing to
coordinate the results of contiguous territories
and, in addition to a set of regional maps, to
compile a summary map of present geody-
namics, seismicity and seismic zoning at
smaller scale.

The term of implementation of the program
is 1991-1996.

The support is provided by the Ministry of
Science, Higher School and technical policy
of the Russian Federation and the correspond-
ing ministeries and departments in other states
participating in the joint program.

4. International cooperation in the
GSHAP framework

The program for the generation of new
zoning maps for the territory of the Russian
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Federation has embraced the main elements of
the Global Seismic Hazard Assessment Pro-
gram:

a) the compilation of homogeneous data
bases;

b) the cooperative approach and interaction
with the bordering regions: Europe and the
Mediterranean, the Middle East, Southern and
Eastern Asia (fig. 4), a concept even more im-
portant in the Northern Eurasia as the seismic
hazard concentrates on border areas (fig. 1);

c) the need to establish joint test-areas
with the established GSHAP Regional Centres
in Moscow, Teheran, Beijing and Potsdam
(fig. 4);

d) the multidisciplinary approach toward
the definition of the seismo-tectonic model.

In particular, cooperative efforts have al-
ready initiated toward the seismic hazard as-
sessment in joint test-areas with the Middle
East and Central Asia, and an agreement has
been signed with the State Seismological Bu-
reau of Beijing for the compilation of a joint
seismic catalogue for the whole Northern
Asia.





