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PREFAZIONE

Negli ultimi venti anni, ’interesse della comunita scientifica verso gli effetti geologici e ambientali indotti
dai terremoti ¢ stato sempre maggiore, soprattutto nell’ambito dell’INQUA - International Union for Quaternary
Research.

Nel 2007 ¢ stata prodotta la scala di intensita ESI 2007 (Environmental Seismic Intensity scale), una scala di
intensita sismica basata esclusivamente sugli effetti sull’ambiente, derivante da un processo di revisione durato
otto anni cui hanno collaborato numerosi geologi, sismologi e ingegneri coordinati dal Servizio Geologico d’Italia
(oggi ISPRA). La scala ESI 2007 integra le scale di intensita tradizionali, consentendo di definire 1’intensita
sismica sulla base di tutti gli effetti a disposizione.

Nel 2011 ¢ stato invece realizzato ’EEE Catalogue, un’infrastruttura realizzata da ISPRA per la raccolta
dei dati relativi agli effetti geologici dei terremoti recenti, storici e paleo avvenuti in varie parti del mondo. La
catalogazione e la classificazione degli effetti geologici consente di confrontare in maniera standard gli eventi
sismici del passato e di individuare le aree maggiormente vulnerabili a causa di effetti di sito.

Alcuni forti terremoti avvenuti negli ultimi anni hanno purtroppo evidenziato il ruolo primario degli effetti
geologici nello scenario di danneggiamento, confermando che la pericolosita sismica non puo essere valutata
esclusivamente sullo scuotimento sismico ma deve invece tenere conto anche delle conoscenze sugli effetti
cosismici sull’ambiente.

Questo volume, oltre a fare il punto sullo stato delle conoscenze in materia, intende promuovere 1’uso dell’ESI
2007 intensity scale, che viene riportata tradotta in dieci lingue, e dell’EEE Catalogue, quale strumento utile
anche in sede di pianificazione territoriale, specie in aree ad elevata pericolosita sismica.

PREFACE

In the last twenty years, the interest of scientific community towards Earthquake Environmental Effects (EEEs)
has progressively increased especially in the frame of INQUA - International Union for Quaternary Research.

In 2007 the ESI 2007 (Environmental Seismic Intensity scale) was published, a new intensity scale based only
on EEFEs resulting by a revision process taking about 8 years, and promoted by several geologists, seismologists
and engineers coordinated by Servizio Geologico d’Italia (now ISPRA). The ESI 2007 scale integrates traditional
intensity scales, and allow to define seismic intensity based on the entire scenario of effects.

In 2011 the EEE Catalogue was launched, a web infrastructure realized by ISPRA for data collection of
EEEs induced by recent, historical and paleoearthquakes at global level. Cataloguing and classifying EEEs has
allowed to compare past seismic events and to identify the most vulnerable areas in term of site effect.

Some strong earthquakes occurred in the last years have unfortunately pointed out the primary role played by
geological effects in the scenario of damages, confirming that seismic hazard cannot be evaluated only based on
vibratory ground motion but also on the knowledge about EEEs.

This volume provides the state of knowledge about these topics, with the aim to promote the use of the ESI 2007
intensity scale, that has been translated into ten languages, and the EEE Catalogue, as an helpful tool also for
land planning, especially in high seismic hazard areas.

Craubpio CAMPOBASSO
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1. - Earthquake Environmental Effects, intensity and
seismic hazard assessment: the lesson of some recent

large earthquakes

SERVA L. (1), BLUMETTI A.M. (1), ESPOSITO E. (2), GUERRIERI L. (1), MICHETTI A.M. (3),
OKUMURA K. (4), PORFIDO S. (2), REICHERTER K. (5), SILVA PG. (6), VITTORI E. (1)

The dreadful scenarios of effects caused by
the recent catastrophic seismic events in very
different parts of the world (from Eastern Asia
to Chile and Haiti) are renewing the longlasting
global debate among seismologists, geologists
and engineers about the best practices and tools
to achieve the most complete and reliable seismic
hazard assessment. In this note we focus on three
recent events that have clearly demonstrated
once more that the vibratory ground motion,
although a serious source of direct damage, it
is by no means the only parametr that should
be considered, being most damages caused by
the coseismic geological effects, either directly
linked to the earthquake source or provoked by
the ground shaking (“Earthquake Environmental
Effects”, EEE). Surface faulting, regional uplift
and subsidence, tsunamis, liquefaction, ground
resonance, landslides, ground failure, are indeed
controlled or induced by the local geological
setting.

The 2011 March 11, Mw 8.9 Tohoku
earthquake occurred in the Pacific Ocean near
the coast of northeastern Japan, where the Pacific
Plate plunges under the Asian Plate. The interface
is marked by a deep trench and a megathrust. A
displacement (reverse slip) of the sea bottom

(1) Geological Survey of Italy, ISPRA, Roma, Italy
(2) Istituto per I’Ambiente Marino Costiero, CNR, Napoli, Italy.

along a distance in excess of 500 km, reaching
maximum values of ca. 20 m, produced a very
large tsunami (with values of run up reaching 38
m, and 14 m at the Fukushima NPP’s site) which
affected a wide stretch of coast, penetrating 5 km
inland in the Sendai coastal plain. Probably, the
impact of this tsunami has been even larger than
that caused by the Sumatra earthquake in 2004,
due to the much higher degree of urbanization in
NE Japan. Most of the damage in terms of dead
toll (more than 20,000 people) and destruction
was in fact caused by the subsequent tsunami.
Conversely, limited damage was induced by the
vibratory ground motion itself.

The size of the 2011 tsunami was fairly larger
than that of the largest tsunamis recorded in the
affected area (Myagi and Fukushima prefectures)
in the last century (max wave height not more
than 5 m). Nevertheless, looking just a little
backwards in time, tsunamis comparable in size
to the 2011 event did affect the same areas,
the latest one in 869 A.D. (Jogan tsunami), as
well documented by means of geological and
paleoseismic/paleotsunami studies (MINOURA,
1995; Sucawara et alii, 2012; HERP, 2009),
while historical documentation about these
events is quite scarce (fig. 1.1). Unfortunately,

(3) Dipartimento di Scienze Chimiche e Ambientali, Universita dell’ Insubria, Como, Italy.

(4) Hiroshima University, Japan.

(5) Lehr- und Forschungsgebiet Neotektonik und Georisiken RWTH, Aachen University, Germany.

(6) Departamento de Geologia, Universidad de Salamanca, Spain.
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tsunami hazard assessment was based only on
the most recent record. Consequently, mitigation
measures for the protection of people, buildings
and infrastructures (including NPPs) were
undersized and therefore unable to prevent
the inundation of such a large sector of NE
Japan coastal area. Other effects, landslides,
liquefaction and ground subsidence, have
certainly given a contribution of damage, but

information about them has been obscured so far
by the overwhelming devastation of the tsunami.

The February 22, 2011, Mw 6.3 Christchurch,
New Zealand earthquake was basically an
aftershock ofthe September4 2010, Mw 7.0 event,
part of a seismic sequence which includes also
the June 13 2011, Mw 6.3, event. Nevertheless,
despite the main shock did not cause victims
or relevant damages, the February 22, 2011,
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Fig. 1.1. - Above: the devastating tsunami occurred on March 11™" , 2011 along the Eastern coast of Japan. Below: tsunami
deposits in the Sendai coastal plain related to the AD 869 Jogan tsunami event (OKuMURA, 2011).
- Sopra: lo tsunami devastante che 1’11 Marzo 2011 ha colpito la costa orientale del Giappone. Sotto: tsunamiti nella piana
costiera di Sendai, associata allo tsunami Jogan avvenuto nell’'869 (Okumur4, 2011).
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event caused the death of at least 75 people and
destroyed hundreds of houses in Christchurch.
This scenario of damages was mainly linked to
local effects of site amplification, which depend
largely on the stratigraphic characteristics
(geological history) of the ground over which the
town is built; as well, the same recent sediments
are particularly susceptible to liquefaction. As a
consequence, also houses designed in agreement
with the local seismic building codes have
collapsed all the same, due to liquefaction within
the foundation soils.

The 2008 May 12, Mw 7.9 Wenchuan, China,
earthquake (dead toll of more than 70,000 people)
was caused by the reactivation of an already
known thrust located in the northwestern Sichuan
Province, which produced more than 200 km
of surface faulting. The scenario of secondary
effects was characterized by very large landslides
and rock falls (volumes in the order of 105 — 10°
cubic meters), widespread liquefaction, ground
failures, anomalous waves in lakes, among
others. At the local scale, the distribution of
damage has been strictly linked to the occurrence
of the abovementioned environmental effects,
that have become dominant especially in the
epicentral area. Based only on environmental
effects (ESI scale) intensities up to XII have been
estimated, while the widespread poor quality of
the buildings has not allowed traditional damage-
based intensity assessments higher than X
(Lexkas et alii, 2010).

These events confirm once again the
relevance of earthquake environmental effects
as a major source of hazard, in addition to
vibratory ground motion. Moreover, it has
been clearly demonstrated thatthe implementation
of geologically documented past earthquakes in
the existing seismic catalogues is crucial for the
improvement of the seismic and tsunami hazard
knowledge, as well as for a more rational urban
development and location of critical engineering
facilities. Indeed, at present, developed countries
have robust seismological surveys which provide
finest information on instrumental seismicity,
but differentially-documented information on
historical events. In fact, seismic hazard analyses
are still typically only based on recent and
historical pre-instrumental records following

deterministic or probabilistic approaches for
relatively short time-windows. The geological
analysis of hazardous areas or faults from a
paleoseismological perspective, will help to
refine the data on historical events, and in many
zones to (a) enlarge the list of catalogued events,
(b) identify hazardous active faults and (c)
recognize the more realistic role of secondary
environmental effects in high-rank potential
damage levels.

Furthermore the lesson offered by these recent
events makes evident the need of re-evaluating
the significance of macroseismic intensity as an
empirical measurement of earthquake size. As
a matter of fact, intensity is a parameter able to
describe a complete earthquake scenario, based
on direct field observations. Unfortunately,
since the ‘70s the research has focused mostly
on instrumental seismological parameters
and intensity, although still vital in historical
seismology, has been gradually reduced to a
representation of damage distribution, or to a
mere proxy of acceleration. In the last decade
instead, thanks to the recent development of
paleoseismology and other innovative geological
investigations, it has re-emerged the core
significance of the intensity parameter as it was in
the early developments of seismology, more than
one century ago. At that time, the effects on the
natural environment were correctly seen as the
most direct manifestations of the earthquake,
a geological phenomenon itself. Consequently,
they were used as highly diagnostic elements
in the intensity scales, especially crucial in
assessing the highest degrees of intensity,
when structural damage saturates, loosing its
informative capability.

Today, detailed documentation is available
for a very large number of environmental
effects induced by recent, historical and paleo-
earthquakes. Such data, now being stored in a
specific database (http://www.eeecatalog.sinanet.
apat.it/terremoti/index.php), have allowed to
develop the ESI 2007 scale (MicherT! et alii,
2007), that integratesand completes the traditional
macroseismic intensity scales, allowing to assess
the intensity parameter also where buildings are
absent or damage-based diagnostics saturates.

Developing on this background, this volume
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aims at promoting:
— the use of the ESI 2007 intensity scale,

which has been translated in ten languages
(English, Italian, Spanish, French, German,
Japanese, Russian, Greek, Dutch and
Korean) for a more systematic application;
the implementation of the EEE Catalogue, a
standarddatacollectionofthecharacteristics
of Earthquake Environmental Effects at
global level conducted in the frame of the
INQUA TERPRO #0418 Project, with the
aim to promote the use of EEE data for
seismic hazard purposes.

Macroseismiclntensity Assessment Using
the EMS-98 and ESI 2007 Scales and Their
Correlation with the Geological Structure,
Bull. Seism. Soc. Am. 100(5B) 2791-2804,
doi: 10.1785/0120090244.

MicheTTi, A.M., E. Esposito, L. GUERRIERI, S.

Porripo, L. SERVA, R. TateEvossian, E.
VirToRl, F. AUDEMARD, T. AzUMA, J. CLAGUE,
V.CoMERrcl, A. GURPINAR, J. Mc CALPIN, B.
MoHAMMADIOUN, N.A. MORNER, Y. OrTa,
AND E. RocgnHoziN (2007). Intensity Scale
ESI2007, in Mem. Descr. Carta Geologica
d’Italia L. Guerrierl & E. ViTToRI (Editors),
Servizio Geologico d’Italia, Dipartimento

REFERENCES
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using sedimentary deposits: Prediction
and consequence of the 2011 Tohoku-oki
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2. - The ESI 2007 intensity scale in ten languages

With the aim to support a worldwide use of the ESI 2007 intensity scale, in this chapter is reported the
description of ESI intensity scale in ten languages (English, Italian, Spanish, French, German, Japanese,
Russian, Greek, Dutch, Korean).

The description of ESI intensity degress is preceded by 1) an introductive framework focused on
the added value provided by the ESI 2007 intensity scale, ii) the description of ESI structure and EEE
classification, and iii) some methodological explanation.

In fig. 2.1, is reported a graphic representation of the ESI 2007 intensity degrees (after Siva et alii,
2008 and REeicHErTER et alii, 2009), for primary and secondary effects. The evaluation of epicentral
intensity (I,) can be done only based on primary effects and on the total area affected by secondary
effects (last column on the right).

CHART OF THE INQUA ENVIRONMENTAL SEISMIC INTENSITY SCALE 2007 - ESI 07 (Modified from Silva et al., 2008 and Reicherter ett al, 2009)
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Sapnish Working

Fig. 2.1. - Graphic representation of the ESI 2007 intensity degrees (after Siva et alii, 2008 and ReicHErTER et alii, 2009).
- Rappresentazione grafica dei gradi di intensita ESI 2007 (SiLva et alii, 2008; REICHERTER et alii, 2009).
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2.1.- Environmental Seismic Intensity scale-ESI 2007 (English)

MICHETTI A.M. (1), ESPOSITO E. (2), GUERRIERI L. (3), PORFIDO S. (2), SERVA L. (3),
TATEVOSSIAN R. (4), VITTORI E. (3), AUDEMARD F. (5), AZUMAT. (6), CLAGUE J. (7),
COMERCI V. (3), GURPINAR A. (8), MC CALPIN J. (9), MOHAMMADIOUN B. (10),
MORNER N.A. (11), OTAY. (12) & ROGHOZIN E. (13)

Introduction

Earthquake intensity is based on a
classification of effects caused by the seismic
event on man, on man-made structures (buildings
and infrastructures) and on natural environment
(environmental or geological effects). This
intensity provides a measure of earthquake
severity taking into account the effects in the
whole range of frequencies of vibratory motion
as well as static deformations.

All the intensity scales (Rossi-Forel, Mercalli,
MCS, MSK, Mercalli Modified) consider the
effects on natural environment as diagnostic
elements for the evaluation of the intensity
degree. Instead, some modern scales (e.g.,
Espmvosa et alii, 1976a; 1976b; GRUNTHAL, 1998)
consider only the effects on man and man-made
structures, and strongly reduce the diagnostic
relevance of environmental effects, based on the

assumption that these effects are too variable
and aleatory. Nevertheless, recent studies (e.g.
DENGLER & McPHERSON, 1993; Serva, 1994,
Dowrick, 1996; Esposito et alii, 1997; HaNncox
et alii, 2002; MicuerTi et alii, 2004) have
provided clear evidences that the characteristics
of geological and environmental effects, that
are nowadays widely retrievable from historical
and paleoseismological sources, are an essential
information for the assessment of earthquake
size and in particular of intensity.

With this aim, it was built the ESI 2007 intensity
scale (MicuerT et alii, 2007) based only on
environmental effects. Its use, alone or integrated
with the other traditional scales affords a better
picture of the earthquake scenario, because only
environmental effects allow suitable comparison
of the earthquake intensity both:

(1) Dipartimento di Scienze Chimiche e Ambientali, Universita dell’Insubria, Como, Italy.

(2) Istituto per I’Ambiente Marino Costiero, CNR, Napoli, Italy.
(3) Geological Survey of Italy, ISPRA, Roma, Italy.

(4) Institute of Physics of the Earth, RAS, Moscow, Russia.

(5) FUNVISIS, Caracas, Venezuela.

(6) National Institute of Advanced Industrial Science and Technology, Tokyo, Japan.
(7) Department of Earth Sciences, Simon Fraser University, Burnaby, British Columbia, Canada.

(8) IAEA, Vienna, Austria.
(9) GEO-HAZ Consulting, Crestone, Colorado, USA.
(10) Robinswood Consultant, Saint Martin de Nigelles, France.

(11) Institute for Paleogeodynamics & Paleogeophysics, Stockolm , Sweden.

(12) Emeritous of Yokohama National University, Japan.
(13) Russian Academy of Sciences, Moscow, Russia
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* intime: effects on the natural environment are
comparable for a time-window (recent, historic
and palaeo seismic events) much larger than the
period of instrumental record (last century), and
* in different geographic areas: environmental
effects do not depend on peculiar socio-economic
conditions or different building practices.

* Thus, the new scale aims at integrating
traditional seismic scales:

+ for earthquake intensity degree larger or
equal to X, when damage-based assessments are
extremely difficult, while environmental effects
are still diagnostic;

* in sparsely populated areas, where the

effects on man-made structures are lacking and
therefore intensity assessments have to be based
on the environmental effects, which are the only
available diagnostic elements.

* The definition of intensity degrees is the
result of a revision conducted by an International
Working Group formed by geologists,
seismologists and engineers focused on the
effects caused by a large number of earthquakes
at global level. The ESI 2007 has been ratified
by INQUA (International Union for Quaternary
Research) at the XVII INQUA Congress (Cairns,
Australia) in 2007.

Description

The ESI 2007 intensity scale is structured in twelve degrees. The title of each degree reflects the
corresponding force of the earthquake and the role of environmental effects. In the description, the
characteristics and size of primary effects associated to each degree are reported firstly. Then, secondary
effects are described in terms of total area of distribution for the assessment of epicentral Intensity
grouped in several categories, ordered by the initial degree of occurrence. Text in Italic has been used to
highlight descriptions regarded as diagnostic by itself for a given degree.

Primary effects are directly linked to the earthquake energy and in particular to the surface expression
of the seismogenic source. The size of primary effects is typically expressed in terms of two parameters:
1) Total Surface Rupture Length (SRL) and ii) Maximum Displacement (MD). Their occurrence is
commonly associated to a minimum intensity value (VIII), except in case of very shallow earthquakes
in volcanic areas. Amount of tectonic surface deformation (uplift, subsidence) is also taken into account.

Secondary effects are any phenomena induced by the ground shaking and are classified into eight main
categories.

a) Hydrological anomalies: in this category are reported changes in water discharge of springs, and
rivers as well as changes in the chemical-physical properties of surface and groundwater (e.g.
temperature, turbidity). These effects are diagnostic from IV to X degree.

b) Anomalous waves/tsunamis: In this category are included: seiches in closed basins, outpouring of
water from pools and basins, and tsunami waves. In the case of tsunamis, more than the size of the
tsunami wave itself, the effects on the shores (especially run-up, beach erosion, change of coastal
morphology), without neglecting those on humans and manmade structures, are taken as diagnostic
of the suffered intensity. Effects may already occur at intensity IV, but are more diagnostic from IX
to XII.

c) Ground cracks: ground cracks are described in terms of length (from cm to some hundreds of
meters), width (from mm to m), areal density. Ground cracks show up from intensity I'V and saturate
(i.e. their size does not increase) at intensity X .

d) Slope movements: this category comprehends all the typologies of landslides, including rockfalls,
slides and earth flows.
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e) Trees shaking: These effects are diagnostic from IV to X degree The definition of intensity degrees
basically follows these provided by Dengler and McPherson (1993).

f) Liquefactions: in this category are included sand volcanoes, water and sand fountains, some types
of laterl spreading, ground compaction and subsidence. Their size is diagnostic for intensity degree
from V to X.

g) Dust clouds: may be observed in arid/dry areas, starting from VIII degree.

h) Jumping stones: the maximum size of jumping stones is diagnostic for intensity assessment.
These effects may be observed from minimum intensity IX up to XII. Such evidences show
that ground acceleration larger than gravity may locally occur starting from intensity IX.
Environmental effects may be observed and characterized from intensity IV. Some types of
environmental effects (hydrological anomalies) may be observed even in lower degrees, but cannot
be characterized to be considered diagnostic elements. Accuracy of evaluation increases towards the
highest degrees, in particular in the range of occurrence of primary effects (typically from intensity
VIII), with resolution up to intensity XII. From intensity X, effects on man and man-made structures
saturate (i.e. buildings are often completely destroyed) and therefore it is not possible to distinguish
between different intensity degrees. In this range, environmental effects are dominant and therefore
are the most powerful tool for intensity evaluation.

How to use the ESI 2007 intensity scale

The use of the ESI intensity scale a san independent tool for intensity assessment is recommended
when only environmental effects are diagnostic because effects on man and man-made structures are
too scarce or saturate. When these latter are also available, it is possible to estimate two independent
intensity assessment. In general, the final intensity will be equal to the higher value between both the
assessments. Obviously, in this case an expert judgment will be essential.

Epicentral intensity (1)) indicates the intensity of the shaking in correspondence to the epicenter. Surface
faulting parameters and the total areal distribution of secondary effects (landslides and/or liquefactions)
are to independent tools for assessing I on the basis of environmental effects, starting from intensity VII
(tab. 2.1).

Specific care has to be paid when surface faulting parameters are at the boundaries between two different
degrees. In this case, it should be selected the intensity value more consistent with characteristics and
areal distribution of secondary effects. Moreover, in the evaluation of the total area, it is recommended
to not including isolated effects occurred in the far field. This evaluation also requie an expert judgment.
Local intensity is basically evaluated through the description of secondary effects occurred in different
“Sites” included in a specific Locality. This type of intensity has to be comparable with the corresponding
traditional local intensity based on damages. Please note that a “Locality” can be referred to an inhabitated
area (a village, a town) but also to natural areas without human settlements. When only primary effects
are present, it is also possible to use the local expression of surface faulting, in terms of maximum
displacement.
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Tab. 2.1 - Ranges of surface faulting parameters (primary effects) and typical extents of total area (secondary effects) for
each intensity degree.

PRIMARY EFFECTS SECONDARY EFFECTS
lo MAX SURFACE
SURFACE RUPTURE LENGTH DISPLACEMENT / TOTAL AREA
DEFORMATION
v - - -
V - - -
VI - -
VII *) (*) 10 km®
\VAIL Several hundreds meters Centimetric 100 km?
1X 1- 10 km 5-40cm 1000 km?
X 10 - 60 km 40 - 300 cm 5000 km®
X| 60 — 150 km 300 700 cm 10000 km?
X1 > 150 km > 700 cm > 50000 km?

(*) Limited surface fault ruptures, tens to hundreds meters long with centimetric offset may occur essentially associated to
very shallow earthquakes in volcanic areas.

Definition of intensity degrees
From I to 11 - There are no environmental effects that can be used as diagnostic.

IV - Largely observed / First unequivocal effects in the environment

Primary effects are absent.

Secondary effects

a) Rare small variations of the water level in wells and/or of the flow-rate of springs are locally recorded, as well as
extremely rare small variations of chemical-physical properties of water and turbidity in springs and wells, especially
within large karstic spring systems, which appear to be most prone to this phenomenon.

b) Inclosed basins (lakes, even seas) seiches with height not exceeding a few centimeters may develop, commonly observed
only by tidal gauges, exceptionally even by naked eye, typically in the far field of strong earthquakes. Anomalous waves
are perceived by all people on small boats, few people on

c) larger boats, most people on the coast. Water in swimming pools swings and may sometimes overflows.

d) Hair-thin cracks (millimeter-wide) might be occasionally seen where lithology (e.g., loose alluvial deposits, saturated
soils) and/or morphology (slopes or ridge crests) are most prone to this phenomenon.

e) Exceptionally, rocks may fall and small landslide may be (re)activated, along slopes where the equilibrium is already
near the limit state, e.g. steep slopes and cuts, with loose and generally saturated soil.

f) Tree limbs shake feebly.
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Strong / Marginal effects in the environment

Primary effects are absent.

Secondary effects

a)

b)

Rare variations of the water level in wells and/or of the flow-rate of springs are locally recorded, as well as small
variations of chemical-physical properties of water and turbidity in lakes, springs and wells.

In closed basins (lakes, even seas) seiches with height of decimeters may develop, sometimes noted also by naked eye,
typically in the far field of strong earthquakes. Anomalous waves up to several tens of cm high are perceived by all
people on boats and on the coast. Water in swimming pools overflows.

Thin cracks (millimeter-wide and several cms up to one meter long) are locally seen where lithology (e.g., loose
alluvial deposits, saturated soils) and/or morphology (slopes or ridge crests) are most prone to this phenomenon.

Rare small rockfalls, rotational landslides and slump earth flows may take place, along often but not necessarily steep
slopes where equilibrium is near the limit state, mainly loose deposits and saturated soil. Underwater landslides may
be triggered, which can induce small anomalous waves in coastal areas of sea and lakes.

Tree limbs and bushes shake slightly, very rare cases of fallen dead limbs and ripe fruit.

Extremely rare cases are reported of liquefaction (sand boil), small in size and in areas most prone to this phenomenon
(highly susceptible, recent, alluvial and coastal deposits, near-surface water table).

VI - Slightly damaging / Modest effects in the environment

Primary effects are absent.

Secondary effects:

a)

b)

c)

d)

Significant variations of the water level in wells and/or of the flow-rate of springs are locally recorded, as well as small
variations of chemical-physical properties of water and turbidity in lakes, springs and wells.

Anomalous waves up to many tens of cm high flood very limited areas nearshore. Water in swimming pools and small
ponds and basins overflows.

Occasionally, millimeter-centimeter wide and up to several meters long fractures are observed in loose alluvial deposits
and/or saturated soils; along steep slopes or riverbanks they can be 1-2 cm wide. A few minor cracks develop in paved
(either asphalt or stone) roads.

Rockfalls and landslides with volume reaching ca. 10° m? can take place, especially where equilibrium is near the limit
state, e.g. steep slopes and cuts, with loose saturated soil, or highly weathered / fractured rocks. Underwater landslides
can be triggered, occasionally provoking small anomalous waves in coastal areas of sea and lakes, commonly seen by
intrumental records.

Trees and bushes shake moderately to strongly,; a very few tree tops and unstable-dead limbs may break and fall, also
depending on species, fruit load and state of health.

Rare cases are reported of liquefaction (sand boil), small in size and in areas most prone to this phenomenon (highly
susceptible, recent, alluvial and coastal deposits, near surface water table).

V11 - Damaging / Appreciable effects in the environment

Primary effects observed very rarely, and almost exclusively in volcanic areas. Limited surface fault ruptures, tens to hundreds

of meters long and with centimetric offset, may occur, essentially associated to very shallow earthquakes.

Secondary effects: The total affected area is in the order of 10 kmz.

a)

Significant temporary variations of the water level in wells and/or of the flow-rate of springs are locally recorded.
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b)

c)

d)

e)

MICHETTI AM. ET ALII

Seldom, small springs may temporarily run dry or appear. Weak variations of chemical-physical properties of water and
turbidity in lakes, springs and wells are locally observed.

Anomalous waves even higher than a meter may flood limited nearshore arecas and damage or wash away objects of
variable size. Water overflows from small basins and watercourses.

Fractures up to 5-10 cm wide and up to hundred metres long are observed, commonly in loose alluvial deposits and/
or saturated soils; rarely in dry sand, sand-clay, and clay soil fractures, up to 1 cm wide. Centimeter-wide cracks are
common in paved (asphalt or stone) roads.

Scattered landslides occur in prone areas, where equilibrium is unstable (steep slopes of loose / saturated soils), while
. P . . . . 3 5 3, .

modest rock falls are common on steep gorges, cliffs). Th3elr size is sometimes significant (10" - 10" m’); in dry sand, sand-

clay, and clay soil, the volumes are usually up to 100 m". Ruptures, slides and falls may affect riverbanks and artificial

embankments and excavations (e.g., road cuts, quarries) in loose sediment or weathered / fractured rock. Significant

underwater landslides can be triggered, provoking anomalous waves in coastal areas of sea and lakes, directly felt by

people on boats and ports.

Trees and bushes shake vigorously; especially in densely forested areas, many limbs and tops break and fall.

Rare cases are reported of liquefaction, with sand boils up to 50 cm in diameter, in areas most prone to this phenomenon
(highly susceptible, recent, alluvial and coastal deposits, near surface water table).

VIII - Heavily damaging / Extensive effects in the environment

Primary effects: observed rarely.

Ground ruptures (surface faulting) may develop, up to several hundred meters long, with offsets not exceeding a few cm,
particularly for very shallow focus earthquakes such as those common in volcanic areas. Tectonic subsidence or uplift of the
ground surface with maximum values on the order of a few centimeters may occur.

Secondary effects: The total affected area is in the order of 100 km’.

a)

b)

c)

d)

e)

9)
h)

Springs may change, generally temporarily, their flow-rate and/or elevation of outcrop. Some small springs may even
run dry. Variations in water level are observed in wells. Weak variations of chemical-physical properties of water, most
commonly temperature, may be observed in springs and/or wells. Water turbidity may appear in closed basins, rivers,
wells and springs. Gas emissions, often sulphureous, are locally observed.

Anomalous waves up to 1-2 meters high flood nearshore areas and may damage or wash away objects of variable size.
Erosion and dumping of waste is observed along the beaches, where some bushes and even small weak-rooted trees can
be eradicated and drifted away. Water violently overflows from small basins and watercourses.

Fractures up to 50 cm wide are and up to hundreds metres long commonly observed in loose alluvial deposits and/or
saturated soils; in rare cases fractures up to 1 cm can be observed in competent dry rocks. Decimetric cracks common
in paved (asphalt or stone) roads, as well as small pressure undulations.

Small to moderate (103 - 103 m3) landslides widespread in prone areas; rarely they can occur also on gentle slopes;
where equilibrium is unstable (steep slopes of loose / saturated soils; rock falls on steep gorges, coastal cliffs) their size is
sometimes large (105 - 106 m3). Landslides can occasionally dam narrow valleys causing temporary or even permanent
lakes. Ruptures, slides and falls affect riverbanks and artificial embankments and excavations (e.g., road cuts, quarries)
in loose sediment or weathered / fractured rock. Frequent occurrence of landslides under the sea level in coastal areas.

Trees shake vigorously; branches may break and fall, even uprooted trees, especially along steep slopes.

Liquefaction may be frequent in the epicentral area, depending on local conditions; sand boils up to ca. I m in diameter;
apparent water fountains in still waters, localised lateral spreading and settlements (subsidence up to ca. 30 cm), with
fissuring parallel to waterfront areas (river banks, lakes, canals, seashores).

In dry areas, dust clouds may rise from the ground in the epicentral area.

Stones and even small boulders and tree trunks may be thrown in the air, leaving typical imprints in soft soil.
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IX - Destructive / Effects in the environment are a widespread source of considerable hazard and
become important for intensity assessment

Primary effects: observed commonly.

Ground ruptures (surface faulting) develop, up to a few km long, with offsets generally in the order of several cm. Tectonic
subsidence or uplift of the ground surface with maximum values in the order of a few decimeters may occur.

Secondary effects: The total affected area is in the order of 1000 ke

a) Springs can change, generally temporarily, their flow-rate and/or location to a considerable extent. Some modest springs
may even run dry. Temporary variations of water level are commonly observed in wells. Water temperature often changes
in springs and/or wells. Variations of chemical-physical properties of water, most commonly temperature, are observed
in springs and/or wells. Water turbidity is common in closed basins, rivers, wells and springs. Gas emissions, often
sulphureous, are observed, and bushes and grass near emission zones may burn.

b) Meters high waves develop in still and running waters. In flood plains water streams may even change their course, also
because of land subsidence. Small basins may appear or be emptied. Depending on shape of sea bottom and coastline,
dangerous tsunamis may reach the shores with runups of up to several meters flooding wide areas. Widespread erosion
and dumping of waste is observed along the beaches, where bushes and trees can be eradicated and drifted away.

C) Fractures up to 100 cm wide and up to hundreds metres long are commonly observed in loose alluvial deposits and/or
saturated soils; in competent rocks they can reach up to 10 cm. Significant cracks common in paved (asphalt or stone)
roads, as well as small pressure undulations.

d) Landsliding widespread in prone areas, also on gentle slopes; where equilibrium is unstable (steep slopes of loose /
saturated soils; rock falls on steep gorges, coastal cliffs) their size is frequently large (1 05 m3 '), sometimes very large
(106 m3). Landslides can dam narrow valleys causing temporary or even permanent lakes. Riverbanks, artificial
embankments and excavations (e.g., road cuts, quarries) frequently collapse. Frequent large landslides under the sea
level in coastal areas.

e) Trees shake vigorously; branches and thin tree trunks frequently break and fall. Some trees might be uprooted and fall,
especially along steep slopes.

f) Liquefaction and water upsurge are frequent; sand boils up to 3 m in diameter, apparent water fountains in still waters;
frequent lateral spreading and settlements (subsidence of more than ca. 30 cm), with fissuring parallel to waterfront
areas (river banks, lakes, canals, seashores).

g) Indry areas, dust clouds commonly rise from the ground.

h)  Small boulders and tree trunks may be thrown in the air and move away from their site for meters, also depending on
slope angle and roundness, leaving typical imprints in soft soil.

X - Very destructive / Effects on the environment become a leading source of hazard and are
critical for intensity assessment

Primary effects become leading.

Surface faulting can extend for few tens of km, with offsets from tens of cm up to a few meters. Gravity grabens and elongated
depressions develop, for very shallow focus earthquakes in volcanic areas rupture lengths might be much lower. Tectonic
subsidence or uplift of the ground surface with maximum values in the order of few meters may occur.

Secondary effects. The total affected area is in the order of 5000 ke

a) Many springs significantly change their flow-rate and/or elevation of outcrop. Some springs may run temporarily or
even permanently dry. Temporary variations of water level are commonly observed in wells. Even strong variations of
chemical-physical properties of water, most commonly temperature, are observed in springs and/or wells. Often water
becomes very muddy in even large basins, rivers, wells and springs. Gas emissions, often sulphureous, are observed, and
bushes and grass near emission zones may burn.
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b)

d)

e)

2)
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Meters high waves develop in even big lakes and rivers, which overflow from their beds. In flood plains rivers may
change their course, temporary or even permanently, also because of widespread land subsidence. Basins may appear
or be emptied. Depending on shape of sea bottom and coastline, tsunamis may reach the shores with runups exceeding 5
m flooding flat areas for thousands of meters inland. Small boulders can be dragged for many meters. Widespread deep
erosion is observed along the shores, with noteworthy changes of the coastline profile. Trees nearshore are eradicated
and drifted away.

Open ground cracks up to more than 1 m wide and up to hundred metres long are frequent, mainly in loose alluvial
deposits and/or saturated soils; in competent rocks opening reach several decimeters. Wide cracks develop in paved
(asphalt or stone) roads, as well as pressure undulations.

Large landslides and rock-falls (> 1 09 - 106 m3) are frequent, practically regardless to equilibrium state of the slopes,
causing temporary or permanent barrier lakes. River banks, artificial embankments, and sides of excavations typically
collapse. Levees and earth dams may even incur serious damage. Frequent large landslides under the sea level in coastal
areas.

Trees shake vigorously; many branches and tree trunks break and fall. Some trees might be uprooted and fall.
Liquefaction, with water upsurge and soil compaction, may change the aspect of wide zones, sand volcanoes even
more than 6 m in diameter, vertical subsidence even > Im; large and long fissures due to lateral spreading are common.

In dry areas, dust clouds may rise from the ground.

Boulders (diameter in excess of 2-3 meters) can be thrown in the air and move away from their site for hundreds of meters
down even gentle slopes, leaving typical imprints in soil.

XI - Devastating / Effects on the environment become decisive for intensity assessment, due to
saturation of structural damage

Primary effects are dominant

Surface faulting extends from several tens of km up to more than one hundred km, accompanied by offsets reaching several
meters. Gravity graben, elongated depressions and pressure ridges develop. Drainage lines can be seriously offset. Tectonic
subsidence or uplift of the ground surface with maximum values in the order of numerous meters may occur.

Secondary effects. The total affected area is in the order of 10.000 fem”.

a)

b)

d)

Many springs significantly change their flow-rate and/or elevation of outcrop. Many springs may run temporarily or
even permanently dry. Temporary or permanent variations of water level are generally observed in wells. Even strong
variations of chemical-physical properties of water, most commonly temperature, are observed in springs and/or wells.
Often water becomes very muddy in even large basins, rivers, wells and springs. Gas emissions, often sulphureous, are
observed, and bushes and grass near emission zones may burn.

Large waves develop in big lakes and rivers, which overflow from their beds. In flood plains rivers can change their
course, temporary or even permanently, also because of widespread land subsidence and landsliding. Basins may appear
or be emptied. Depending on shape of sea bottom and coastline, tsunamis may reach the shores with runups reaching
15 meters and more devastating flat areas for kilometers inland. Even meter-sized boulders can be dragged for long
distances. Widespread deep erosion is observed along the shores, with noteworthy changes of the coastal morphology.
Trees nearshore are eradicated and drifted away.

Open ground cracks up to several meters wide are very frequent, mainly in loose alluvial deposits and/or saturated soils.
In competent rocks they can reach 1 m. Very wide cracks develop in paved (asphalt or stone) roads, as well as large
pressure undulations.

Large landslides and rock-falls (> 1 09 - 100 m3) are frequent, practically regardless to equilibrium state of the slopes,
causing many temporary or permanent barrier lakes. River banks, artificial embankments, and sides of excavations
typically collapse. Levees and earth dams incur serious damage. Significant landslides can occur at 200 — 300 km
distance from the epicenter. Frequent large landslides under the sea level in coastal areas.
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e) Trees shake vigorously, many branches and tree trunks break and fall. Many trees are uprooted and fall.

f) Liquefaction changes the aspect of extensive zones of lowland, determining vertical subsidence possibly exceeding
several meters, numerous large sand volcanoes, and severe lateral spreading features.

g) Indry areas dust clouds arise from the ground.

f)  Big boulders (diameter of several meters) can be thrown in the air and move away from their site for long distances down
even gentle slopes., leaving typical imprints in soil.

XII - Completely devastating / Effects in the environment are the only tool for intensity assessment

Primary effects are dominant.

Surface faulting is at least few hundreds of km long, accompanied by offsets reaching several tens of meters. Gravity graben,
elongated depressions and pressure ridges develop. Drainage lines can be seriously offset. Landscape and geomorphological
changes induced by primary effects can attain extraordinary extent and size (typical examples are the uplift or subsidence
of coastlines by several meters, appearance or disappearance from sight of significant landscape elements, rivers changing
course, origination of waterfalls, formation or disappearance of lakes).

Secondary effects The total affected area is in the order of 50.000 km” and more.

a) Many springs significantly change their flow-rate and/or elevation of outcrop. Temporary or permanent variations of
water level are generally observed in wells. Many springs and wells may run temporarily or even permanently dry.
Strong variations of chemical-physical properties of water, most commonly temperature, are observed in springs and/or
wells. Water becomes very muddy in even large basins, rivers, wells and springs. Gas emissions, often sulphureous, are
observed, and bushes and grass near emission zones may burn.

b) Giant waves develop in lakes and rivers, which overflow from their beds. In flood plains rivers change their course and
even their flow direction, temporary or even permanently, also because of widespread land subsidence and landsliding.
Large basins may appear or be emptied. Depending on shape of sea bottom and coastline, tsunamis may reach the shores
with runups of several tens of meters devastating flat areas for many kilometers inland. Big boulders can be dragged
for long distances. Widespread deep erosion is observed along the shores, with outstanding changes of the coastal
morphology. Many trees are eradicated and drifted away. All boats are tore from their moorings and swept away or
carried onshore even for long distances. All people outdoor are swept away.

¢) Ground open cracks are very frequent, up to one meter or more wide in the bedrock, up to more than 10 m wide in loose
alluvial deposits and/or saturated soils. These may extend up to several kilometers in length.

d) Large landslides and rock-falls (> 1 09 - 106 m3 ) are frequent, practically regardless to equilibrium state of the slopes,
causing many temporary or permanent barrier lakes. River banks, artificial embankments, and sides of excavations
typically collapse. Levees and earth dams incur serious damage. Significant landslides can occur at more than 200 — 300
km distance from the epicenter. Frequent very large landslides under the sea level in coastal areas.

e) Trees shake vigorously; many branches and tree trunks break and fall. Many trees are uprooted and fall.

f)  Liquefaction occurs over large areas and changes the morphology of extensive flat zones, determining vertical subsidence
exceeding several meters, widespread large sand volcanoes, and extensive severe lateral spreading features.

g) Indry areas dust clouds arise from the ground.

h) Also very big boulders can be thrown in the air and move for long distances even down very gentle slopes, leaving
typical imprints in soil.
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2.2. - La scala di intensita sismica ESI 2007 (Italian)

TraDpUZIONE A cURA DI: GUERRIERI L. (1), ESPOSITO E. (2),
PORFIDO S. (2), MICHETTI A.M. (3) & VITTORI E. (1)

Introduzione

L’intensita di un terremoto si definisce in
base alla classificazione degli effetti prodotti
dal sisma sull’uomo, sulle costruzioni (edifici
e infrastrutture) e sull’ambiente naturale
(effetti geologici e ambientali). L’intensita cosi
determinata consente di misurare la severita
dell’evento sismico tenendo conto sia degli
effetti nell’intero intervallo di frequenze del
moto vibratorio sia delle deformazioni statiche.

Tutte le scale d’intensita (Rossi-Forel,
Mercalli, MCS, MSK, Mercalli Modificata)
considerano gli effetti sull’ambiente naturale
quali elementi diagnostici utili per la valutazione
del grado di intensitd. Alcune scale moderne
(e.g., Espivosa et alii, 1976a; 1976b; GRUNTHAL,
1998) considerano invece fondamentalmente
gli effetti sull’'uomo e sul costruito, riducendo
notevolmente il significato diagnostico degli
effetti sull’ambiente, tutto ci0 sulla base
dell’assunzione che essi sono molto piu variabili
degli altri effetti e quindi potenzialmete aleatori.
Studi recenti (es. DENGLER & McPHERSON, 1993;
SErvA, 1994, Dowrick, 1996; Esposito et alii,
1997; Hancox et alii, 2002; MicuerTi et alii, 2004,

(1) Geological Survey of Italy, ISPRA, Roma, Italy.
(2) Istituto per I’ambiente marino costiero, CNR, Napoli, Italy.

Porripo et alii, 2007) hanno invece fornito chiare
evidenze che gli effetti geologici ed ambientali,
dei quali oggi si dispone di un database storico
e, soprattutto, paleosismologico, estremamente
ricco, sono in grado di fornire informazioni
fondamentali per la stima delle dimensioni del
terremoto ed in particolare dell’intensita.

Con questo obiettivo ¢ stata realizzata la scala
di intensita ESI 2007 (MicueTTi et alii, 2007) che
si basa esclusivamente sugli effetti geologici e
ambientali. Il suo utilizzo, da solo o insieme ad
altre scale macrosismiche “tradizionali”, fornisce
il quadro piu completo degli effetti del terremoti,
in quanto solamente gli effetti ambientali sono
confrontabili:

* nel tempo: infatti la finestra temporale dei
terremoti recenti, storici e paleo sismici € assai
piu grande del periodo strumentale (ultimo
secolo), e

* in diverse aree geografiche: gli effetti
ambientali non dipendono da specifiche
condizioni socio-economiche o da diverse
pratiche costruttive.

(3) Dipartimento di Scienze Chimiche e Ambientali, Universita dell’ Insubria, Como, Italy.
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Pertanto lo scopo ¢ quello di integrare le
scale d’intensita sismica tradizionali, ovvero:
e per i terremoti con intensita maggiori o
uguali al X grado, in quanto spesso la stima
del danneggiamento sul costruito risulta
estremamente difficoltosa, mentre gli effetti
geologici e ambientali continuano ad essere
presenti e diagnostici;
e in aree scarsamente abitate o deserte, dove
gli effetti sulle strutture antropiche sono assenti
o comunque radi e la valutazione dell’intensita
del terremoto deve necessariamente basarsi

sugli effetti sull’ambiente, unici elementi
disponibili.

La definizione dei gradi di intensita ¢ frutto
di una revisione critica dei dati diun elevato
numero di terremoti avvenuti in tutto il mondo
da parte di un gruppo di lavoro internazionale
composto da geologi, sismologi ed ingegneri.
La ESI 2007 ¢ stata ratificata dal’INQUA
(International Union for Quaternary Research)
durante il XVII INQUA Congress tenutosi a
Cairns (Australia) nel 2007.

Descrizione

La scala ESI 2007 ¢ strutturata in dodici gradi. Il titolo di ciascun grado riflette la severita del
terremoto ed il ruolo degli effetti sull’ambiente. Nella descrizione sono riportate in primo luogo le
caratteristiche degli effetti primari ossia la fagliazione superficiale e le altre deformazioni di origine
tettonica. Quindi gli effetti secondari sono descritti in termini di area totale di occorrenza (per la
valutazione dell’intensita epicentrale), raggruppate nelle diverse categorie e ordinate in senso crescente
a seconda del grado in cui essi iniziano a manifestarsi. Il testo in corsivo evidenzia le descrizioni ritenute
maggiormente diagnostiche per il dato grado di intensita.

Gli effetti primari direttamente legati all’energia del terremoto e in particolare, alla manifestazione in
superficie della faglia sismogenetica, sono espressi in termini di due parametri fondamentali: la lunghezza
totale della rottura in superficie (SRL total surface rupture length), e la massima dislocazione ad essa
associata (MD maximum displacement). Si 0sservano generalmente al di sopra di una certa soglia di
magnitudo e si manifestano in genere a partire dall’ VIII grado ESI, salvo in alcune zone vulcaniche dove
eventi sismici molto superficiali possono dare luogo ad effetti primari gia al VII grado. Rientrano negli
effetti primari anche le deformazioni della superficie topografica di natura tettonica (uplift, sollevamento
e subsidence, subsidenza).

Gli effetti secondari, indotti dallo scuotimento sismico, sono classificati in otto categorie principali:

a) Anomalie idrologiche: in questa categoria sono comprese le variazioni di portata delle sorgenti e dei
corsi d’acqua e le modificazioni delle proprieta chimico-fisiche delle acque superficiali e sotterranee (es.
temperatura, torbidita). Sono diagnostici a partire dal IV fino al X grado.

b) Onde anomale/tsunami: questa categoria comprende tutte le onde anomale dalle piccole onde di sessa
in specchi lacustri, fino alle onde anomale legate a maremoti. Le altezze variano da pochi centimetri ad
alcune decine di metri. Si rilevano a partire dal I'V fino al XII grado.

c) Fratture al suolo: le fratture nel terreno sono descritte in termini di lunghezza (da centimetrica
fino a qualche centinaio di metri), di ampiezza (da millimetrica a metrica), e di densita areale. Sono
diagnostiche a partire dal I'V fino al X grado.

d) Movimenti di versante: in questa classe sono comprese tutte le tipologie di fenomeni franosi, dai
crolli agli scivolamenti, agli scoscendimenti, fino alle colate in terra. A parita di condizioni predisponenti
(pendenza, litologia), sono considerati elementi utili per la valutazione dell’intensita il volume e ’area
totale in frana. Sono diagnostici a partire dal IV fino al X grado.
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e) Scuotimenti degli alberi: sono diagnostici a partire dal IV fino al XI grado. La definizione del grado
di intensita segue quella proposta da DENGLER & McPHERSON (1993).

f) Liquefazioni: sono compresi tutti gli effetti imputabili al fenomeno della liquefazione, ovvero i
vulcanelli di sabbia, le fontane di acqua e sabbia, alcune tipologie di espandimento laterale, di
compattazione e di subsidenza. Le dimensioni dei fenomeni concorrono a stabilire il grado di intensita.
Sono diagnostici a partire dal V fino al X grado.

g) Nuvole di polvere, sono osservabili nelle zone generalmente aride/secche, a partire dall’ VIII grado.

h) Massi saltanti, le dimensioni massime dei massi che dal terreno vengono scagliati verso I’alto e
I’impronta lasciata sul suolo sono fattori diagnostici ai fini dell’attribuzione del grado di intensita. Sono
osservabili a partire dal IX grado fino al XII. Queste evidenze mostrano che accelerazioni del suolo
superiori a quella di gravita si possono produrre a partire dal IX grado.

Gli effetti ambientali sono pertanto osservabili e di facile identificazione a partire dal IV grado.
Dal I al III grado, gli effetti ambientali, pur osservabili in alcune tipologie (soprattutto nel campo
delle variazioni idrologiche), non sono attualmente cosi ben caratterizzati da poter essere considerati
diagnostici. L’accuratezza della valutazione aumenta verso i gradi piu alti della scala, in particolare
nell’intervallo di occorrenza degli effetti primari, che tipicamente iniziano a manifestarsi dall’ VIII grado
con risoluzione crescente fino al XII grado. A partire dal X grado gli effetti sull’uomo e sulle strutture
giungono a saturazione, ossia gli edifici sono completamente distrutti e pertanto non consentono di
distinguere 1 diversi gradi di intensita. Gli effetti sull’ambiente divengono allora dominanti in questo
range di intensita, rappresentando di fatto lo strumento piu efficace per la valutazione dell’intensita.

Come si utilizza la scala ESI 2007

L’utilizzo della ESI 2007 come uno strumento indipendente di valutazione viene raccomandato
solamente quando solo gli effetti ambientali sono diagnostici perché gli effetti sull’uomo o sul costruito
sono assenti o troppo scarsi (es. in aree scarsamente abitate o deserte) o perché giungono a saturazione.
Ovviamente, quando gli effetti ambientali non sono disponibili I’intensita viene valutata solo con le
scale macrosismiche tradizionali basate sugli effetti sull’'uomo e sul costruito.

Quando sono disponibili sia effetti sull’uomo e sul costruito, che sull’ambiente ¢ possibile stimare
due valori di intensita in maniera indipendente. In generale, il valore finale di intensita ¢ il maggiore
tra le due stime. Naturalmente, anche in questo caso ¢ essenziale 1’esperienza del rilevatore (corretto
giudizio professionale).

L’intensita epicentrale (I)), ovvero I’intensita dello scuotimento all’epicentro, indica quale intensita
si sarebbe registrata se ci fosse stato un centro abitato in corrispondenza dell’epicentro. I parametri di
fagliazione superficiale e 1’area totale di distribuzione degli effetti secondari (frane e/o liquefazioni)
sono due strumenti indipendenti per valutare I sulla base degli effetti ambientali, a partire dal grado di
intensita VII in su (tab. 2.1).

Particolare attenzione ¢ richiesta quando i1 parametri di fagliazione superficiale sono al limite tra due
gradi. In questo caso ¢ raccomandabile scegliere il grado di intensita piu consistente con le caratteristiche
e la distribuzione degli effetti secondari.

Inoltre, nella valutazione dell’area totale, ¢ raccomandato di non considerare gli effetti isolati che
si verificano occasionalmente in zone a notevole distanza dall’epicentro. Tale valutazione richiede
evidentemente un giudizio professionale ad hoc.
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Tab. 2.1 - Per ciascun grado di intensita sono riportati gli intervalli tipici dei parametri di fagliazione superficiale (effetti
primari) e la tipica area di estensione totale degli effetti secondari.

EFFETTI PRIMARI EFFETTI SECONDARI
I0 LUNGHEZZA DELLA ROTTURA MASSIMO RIGETTO AREA TOTALE
IN SUPERFICIE SUPERFICIALE

WY - - -

V - - -

VI - - -

VII *) *) 10 km®
VI Diverse centinaia di metri Qualche cm 100 km?

I1X 1- 10 km 5-40 cm 1000 km?

X 10 - 60 km 40 - 300 cm 5000 km?
X 60 — 150 km 300 =700 cm 10000 km?
X1 > 150 km > 700 cm >50000 km?

(*) Rotture superficiali dovute a fagliazione limitata, da dieci a centinaia di metri con rigetti centimetrici si possono verificare
in aree vulcaniche, associate essenzialmente a terremoti assai superficiali.

L’intensita locale viene essenzialmente stimata attraverso la descrizione degli effetti secondari
avvenuti in diversi “Siti” compresi tutti in una determinata Localita. Questo tipo di intensita deve esser
confrontabile con quella corrispondente ricavabile da un’analisi macrosismica tradizionale. In ogni caso
“Localita” puo riferirsi sia a localita effettivamente abitate (un paese, una citta), sia ad aree naturali prive
di insediamenti antropici. Infine, quando sono disponibili solo effetti primari, ¢ possibile utilizzare
I’espressione della fagliazione superficiale locale, tenendo conto del massimo rigetto osservato.

Definizione dei Gradi di Intensita

Dalalll - Non ci sono effetti sull’ambiente che possono essere usati come diagnostici per la valutazione
del grado di intensita

IV - AMPIAMENTE AVVERTITO / Primi inequivocabili effetti sull’ambiente

Gli effetti primari sono assenti.

Effetti secondari

a) In rari casi si osservano modeste variazioni locali del livello idrico nei pozzi e/o della portata delle sorgenti, nonché
assai rare e modeste variazioni delle proprieta chimico-fisiche delle acque e della torbidita nelle sorgenti e nei pozzi, con
particolare riferimento alle sorgenti dei sistemi carsici, che risultano piu soggette a questi fenomeni.

b) In bacini chiusi (laghi, talvolta anche mari), si possono produrre sesse di altezza non superiore ad alcuni centrimetri,
registrabili unicamente dai mareografi e solo eccezionalmente ad occhio nudo. Tipicamente si verificano nell’area di far
field di forti terremoti. Onde anomale sono avvertite da tutti coloro che si trovano su piccole imbarcazioni, solamente
da alcuni che si trovano su battelli di maggiori dimensioni, e dalla maggior parte di chi si trova sulla riva. L’acqua nelle
piscine oscilla e in alcuni casi fuoriesce.

c) Fratture molto sottili (ampiezza millimetrica) possono occasionalmente prodursi laddove la litologia (cfr. depositi
alluvionali sciolti, terreni saturi) e/o la morfologia (versanti o creste) sono particolarmente favorevoli a questo fenomeno.

d) Eccezionalmente possono verificarsi crolli e (ri) attivarsi piccoli movimenti franosi, lungo versanti che si trovano in
condizioni di equilibrio limite (versanti molto ripidi, tagli stradali in terreni sciolti e generalmente saturi).

e) Irami degli alberi si scuotono debolmente.
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V - Forte / Effetti ambientali marginali

Gli effetti primari sono assenti.

Effetti secondari

a)

b)

c)

d)

Raramente si registrano variazioni locali del livello idrico nei pozzi e/o di portata delle sorgenti nonché modeste variazioni
delle proprieta chimico-fisiche delle acque, della torbidita in laghi, sorgenti e pozzi.

Nei bacini chiusi (laghi, talvolta anche mari), si possono produrre sesse di altezza decimetrica, talvolta visibili ad occhio
nudo: tipicamente si verificano nell’area di far field di forti terremoti. Onde anomale di altezza anche pari a diverse
decine di centimetri sono percepite da tutti coloro che si trovano in barca o sulla riva. L’acqua nelle piscine tracima.

Fratture sottili (ampiezza millimetrica e lunghezza centimetrica fino ad un metro) si producono laddove la litologia (cft.
depositi alluvionali sciolti, terreni saturi) e/o la morfologia (versanti e creste) sono particolarmente favorevoli a questo
fenomeno.

Raramente si possono verificare piccoli crolli, scorrimenti rotazionali e colate di terra, su versanti in condizioni di
equilibrio limite, spesso ma non necessariamente molto ripidi, su terreni generalmente sciolti e saturi. Possono attivarsi
frane sottomarine in grado di indurre piccole onde anomale sulle coste di mari e laghi.

I rami degli alberi e i cespugli si scuotono leggermente e, molto raramente, cadono rami secchi e frutti maturi.

Si osservano assai rari casi di liquefazione (vulcanelli di sabbia — sand boils) di piccole dimensioni e nelle aree
maggiormente favorevoli a questo fenomeno (depositi recenti, alluvionali e costieri, altamente suscettibili, con falda
prossima al piano campagna).

VI - LIEVEMENTE DANNOSO / Effetti ambientali modesti

Gli effetti primari sono assenti.

Effetti secondari

a)
b)

b)

d)

€)

Variazioni significative del livello idrico nei pozzi e/o della portata delle sorgenti si registrano localmente, nonché
modifiche delle proprieta chimico-fisiche dell’acqua e della torbidita in laghi, sorgenti e pozzi.

Onde anomale alte fino a diverse decine di centimetri possono allagare un’area molto limitata prossima alla linea di
costa. L’acqua fuoriesce dalle piscine e da piccoli stagni e specchi d’acqua.

Occasionalmente, si osservano fratture di ampiezza millimetrico-centimetrica e di lunghezza anche di parecchi metri in
depositi alluvionali sciolti e/o in terreni saturi; lungo versanti ripidi o argini di corsi d’acqua possono essere ampie 1-2
cm. Fratture minori si formano nella pavimentazione stradale (sia in asfalto che in pietra).

Possono verificarsi crolli ¢ fenomeni franosi con volumi fino all’ordine di grandezza dei 1000 m?, specialmente in
condizioni di equilibrio limite (cfr. versanti ripidi e tagli, terreni sciolti saturi o rocce profondamente alterate e/o
fratturate). Frane sottomarine si possono occasionalmente attivare causando piccole onde anomale nelle zone costiere di
mari e laghi, di solito registrate strumentalmente.

Alberi e cespugli oscillano da moderatamente a fortemente, a seconda della specie, del carico di frutti e dello stato di
salute della pianta, poche cime di alberi e rami instabili o secchi possono rompersi e cadere.

Rari casi di liquefazione (sand boil), di piccole dimensioni, sono riportati nelle aree maggiormente favorevoli a questo
fenomeno (depositi recenti, alluvionali e costieri, altamente suscettibili, con falda prossima al piano campagna).

VIl - DANNOSO / Significativi effetti sull’ambiente

Effetti primari: si osservano assai raramente, ¢ quasi esclusivamente in aree vulcaniche. Limitata fagliazione superficiale, da
decine a centinaia di metri di lunghezza e rigetti centimetrici, puo prodursi, associata fondamentalmente a terremoti molto
superficiali.

Effetti secondari: I’area totale interessata da effetti secondari ¢ nell’ordine dei 10 km’.
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a)

b)

c)

d)

€)
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Si registrano localmente significative variazioni temporanee del livello idrico nei pozzi e/o della portata delle sorgenti.
Di rado, piccole sorgenti possono temporaneamente essicarsi o ne possono affiorare di nuove. Localmente si osservano
modeste variazioni delle proprieta chimico-fisiche delle acque e della torbidita in laghi, sorgenti e pozzi.

Onde anomale alte anche piu di un metro possono allagare le zone prossime alla linea di riva e danneggiare o rimuovere
oggetti di varie dimensioni. L’acqua fuoriesce da piccoli bacini e corsi d’acqua.

Fratture ampie fino a 5-10 cm e di lunghezza superiore al centinaio di metri si osservano comunemente nei depositi
alluvionali sciolti e/o nei terreni saturi; raramente si producono fratture di ampiezza fino ad un cm in terreni sabbiosi
asciutti, sabbioso-argillosi ed argillosi. Fratture di ampiezza centimetrica sono comuni nella pavimentazione stradale
(asfalto o pietra).

Diffusi fenomeni franosi si verificano nelle zone in equilibrio instabile (versanti ripidi di terreni sciolti / saturi),
mentre crolli di modesta entita sono comuni sulle pareti di gole e scogliere. La loro dimensione ¢ talvolta significativa
(103 -10° ms); in terreni sabbiosi asciutti, sabbioso-argillosi ed argillosi i volumi sono generalmente inferiori a 100 m>.
Rotture, scivolamenti e crolli possono interessare gli argini dei corsi d’acqua, e gli scavi artificiali (cft. tagli stradali,
cave) in sedimenti sciolti o in rocce alterate / fratturate. Si possono innescare frane sottomarine di una certa entita che
determinano onde anomale nelle zone costiere di mari e laghi, percepite direttamente dalla gente sulle barche e nei
porti.

Alberi e cespugli oscillano vigorosamente; specialmente nelle zone a bosco fitto molti rami e cime degli alberi si
spezzano ¢ cadono.

Rari casi di liquefazione sono documentati, con vulcanelli di sabbia (sand boils) che possono raggiungere i 50 cm di
diametro, nelle zone maggiormente favorevoli a questo fenomeno (depositi recenti, alluvionali e costieri, altamente
suscettibili, con falda prossima al piano campagna).

VI - ASSAI DANNOSO / Estesi effetti sull’ambiente

Effetti primari: si osservano raramente.

Si possono produrre rotture del terreno (fagliazione superficiale) fino a diverse centinaia di metri, con rigetti fino a

pochi centimetri, soprattutto per terremoti il cui ipocentro ¢ molto superficiale quali quelli che comunemente interessano le
aree vulcaniche. Si possono anche verificare abbassamenti o sollevamenti tettonici della superficie topografica, con valori
massimi dell’ordine di pochi centimetri.

Effetti secondari: L’area totale interessata & dell’ordine di 100 km’.

a)

b)

d)

Variazioni generalmente temporanee della portate ¢/o della quota di emergenza possono interessare le sorgenti. Alcune di
esse possono anche essiccarsi. Oscillazioni del livello idrico sono misurate nei pozzi. Modeste variazioni delle proprieta
chimico-fisiche delle acque, soprattutto della temperatura, si possono osservare nelle sorgenti e/o nei pozzi. La torbidita
dell’acqua puo risultare evidente in specchi d’acqua chiusi, corsi d’acqua, pozzi e sorgenti. Emissioni di gas, spesso
sulfuree, sono riscontrate localmente.

Onde anomale di altezza superiore a 1-2 metri allagano le zone prossime alla linea di riva e sono in grado di danneggiare
o rimuovere oggetti di varie dimensioni. Si osserva sulle spiagge la rimozione e rideposizione di rifiuti, alcuni cespugli e
persino piccoli alberi debolmente radicati possono venire sradicati e rimossi. L’acqua tracima con forza da piccoli bacini
e corsi d’acqua.

Fratture di ampiezza fino a 50 cm e lunghezza anche di centinaia di metri si producono in depositi alluvionali sciolti e/o
in terreni saturi; in rari casi e possibile osservare fratture fino a 1 cm in rocce asciutte competenti. Fratture decimetriche
sono comuni nella pavimentazione stradale (asfalto e pietra), come anche piccole onde di pressione (pressure
undulations).

Fenomeni franosi di dimensioni da piccole a modeste (103 -10° m3) sono ampiamente diffusi nelle zone piu favorevoli
al loro innesco; raramente, possono verificarsi anche su versanti poco pendenti; in condizioni di equilibrio instabile
(versanti ripidi di terreni sciolti / saturi; crolli su pareti di gole e scogliere) la loro dimensione ¢ talvolta superiore
(105 - 106 m3). Tali fenomeni franosi possono occasionalmente sbarrare le valli strette, determinando la formazione
temporanea, o persino permanente, di un lago. Rotture, scivolamenti e crolli interessano gli argini dei corsi d’acqua e gli
sbancamenti artificiali (cfr. tagli stradali, cave) in sedimenti sciolti o o in rocce alterate / fratturate. Nelle zone costiere
sono frequenti le frane sottomarine.
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e) Gli alberi oscillano vigorosamente, i rami si possono rompere e cadere e persino gli alberi sradicarsi, specialmente su
versanti assai pendenti.

f) Nell’area epicentrale, in funzione delle condizioni locali, i fenomeni di liquefazione possono risultare frequenti;
i vulcanelli di sabbia possono arrivare anche ad 1 metro di diametro; fontane d’acqua appaiono in acque calme; si
osservano localizzate espansioni laterali (lateral spreading) ed abbassamenti (subsidenza pari anche a 30 c¢m), con
fenditure parallele alle rive di corsi e specchi d’acqua (es., argini fluviali, laghi, canali, linee di costa).

g) In area epicentrale si puo osservare il sollevamento di nuvole di polvere dal terreno in condizioni particolarmente
secche.

h) Pietre e anche piccoli blocchi e tronchi possono essere scagliati in aria, lasciando tipiche impronte nel terreno soffice.

IX-DISTRUTTIVO/Glieffetti sull’ambiente costituiscono una diffusa causa di elevata pericolosita
e divengono importanti per la valutazione dell’intensita

Effetti primari: comunemente osservati.

Si producono rotture nel terreno (fagliazione superficiale) di lunghezza fino a pochi km, con rigetti generalmente
nell’ordine di diversi cm. Si possono verificare abbassamenti o sollevamenti della superficie topografica di natura tettonica
fino al massimo a pochi decimetri.

Effetti secondari: L 'area totale interessata é nell’ordine di 1000 km’.

a) Laportatae/o l'ubicazione delle sorgenti possono variare, generalmente temporaneamente, anche in maniera considerevole.
Alcune sorgenti possono anche essicarsi. Si osservano comunemente anche oscillazioni temporanee del livello idrico nei
pozzi, nonché frequenti variazioni delle proprieta chimico-fisiche dell’acqua, soprattutto la temperatura, nelle sorgenti
e/o nei pozzi. L’acqua torbida e un fenomeno comune nei bacini chiusi, nei corsi d’acqua, nei pozzi e nelle sorgenti. Si
registrano emissioni di gas, in genere sulfurei; i cespugli e ’erba vicino alle zone di emissione possono prendere fuoco.

b) Onde di altezza di alcuni metri si sviluppano nelle acque di scorrimento superficiale (corsi d’acqua) nonché in acque
tranquille. Nelle piane alluvionali i corsi d’acqua possono anche modificare il proprio tracciato, anche a causa della
subsidenza del terreno. Piccoli specchi d’acqua possono formarsi o sparire. A seconda della morfologia del fondale e
della linea di costa, pericolosi tsunami possono raggiungere le coste con runup fino a parecchi metri, inondando aree
estese.

Sulle spiagge si osserva la rimozione e rideposizione dei rifiuti; alberi e cespugli possono essere sradicati e spazzati via.

C) Fratture ampie fino a 100 cm e lunghe diverse centinaia di metri si osservano comunemente nei depositi alluvionali sciolti
e/o nei terreni saturi; in rocce competenti I 'ampiezza delle fratture arriva fino a 10 cm. La pavimentazione stradale (asfalto
o pietra) e frequentemente interessata da rilevanti fratture e da onde di pressione (pressure undulations).

d) Fenomeni franosi sono diffusi nelle zone piu favorevoli, anche su versanti poco pendenti; in condizioni di equilibrio
instabile (versanti ripidi di terreni sciolti /saturi; crolli su pareti di gole e scogliere) sono spesso di dimensioni grandi (1 0’
m3) talvolta molto grandi (1 00 m3 ). Le frane possono sbarrare le valli strette favorendo la formazione di laghi temporanei
(o talvolta permanenti). Gli argini fluviali e le pareti di scavi artificiali (cfr. tagli stradali, cave) spesso collassano. Nelle
zone costiere sono frequenti le frane sottomarine.

e) Gli alberi oscillano molto forte; ¢ frequente che i rami e i tronchi meno spessi si rompano e cadano. Alcuni alberi possono
sradicarsi e cadere, specialmente sui versanti ripidi.

f)  Sono frequentile liquefazioni e le fuoriuscite di acqua in pressione (water upsurge), vulcanelli di sabbia possono raggiungere
i 3 metri di diametro, fontane d’acqua possono manifestarsi in acque calme; sono frequenti anche le espansioni laterali
(lateral spreading) e i fenomeni di subsidenza (anche oltre i 30 cm), con fenditure parallele alle rive di corsi e specchi
d’acqua (es., argini fluviali, laghi, canali, linee di costa).

g) In condizioni particolarmente secche ¢ comune osservare il sollevamento di nuvole di polvere dal terreno.

h)  Piccoli blocchi e tronchi possono essere scagliati in aria e spostati anche di alcuni metri, a seconda dell’acclivita e
rugosita del versante, lasciando tipiche impronte su terreno soffice.
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X - MOLTO DISTRUTTIVO / Gli effetti sull’ambiente rappresentano una causa sostanziale di
pericolosita e divengono basilari per la valutazione dell’intensita.

Effetti primari diventano dominanti.

La fagliazione superficiale si sviluppa per alcune decine di km con rigetti da decine di cm fino a pochi metri. Si producono
gravity graben e depressioni allungate; per terremoti molto superficiali in aree vulcaniche la lunghezza complessiva della
rottura puod essere assai minore. Possono verificarsi sollevamenti e abbassamenti della superficie topografica di natura
tettonica dell’ordine di alcuni metri.

Effetti secondari. L area totale interessata é dell ’ordine di 5000 km?.

a) Si osservano variazioni di portata consistenti di molte sorgenti e/o della loro quota di affioramento. Alcune di esse
possono sgorgare o essiccarsi in via temporanea o talvolta in maniera definitiva. Si osservano temporanee oscillazioni
del livello idrico nei pozzi. Variazioni delle proprieta chimico-fisiche delle acque di sorgenti e/o pozzi, soprattutto della
temperatura, possono essere consistenti. Spesso 1’acqua diviene molto fangosa anche in bacini piu grandi, nonché in
fiumi, pozzi e sorgenti. Si registrano emissioni gassose, generalmente sulfuree, e nelle aree ad esse limitrofe i cespugli
e I’erba prendono talvolta fuoco.

b) Onde di altezza metrica si formano in laghi e fiumi anche di ampie dimensioni, che esondano dagli alvei. Nelle piane
alluvionali i fiumi possono modificare il loro tracciato temporaneamente o talvolta in via definitiva, anche a causa della
diffusa subsidenza del terreno. Specchi d’acqua possono formarsi o scomparire. A seconda della morfologia del fondale e
della linea di costa, gli tsunami possono raggiungere le coste con runup superiore a 5 metri, inondando estesamente aree
pianeggianti fino ad alcune migliaia di metri nell entroterra. Blocchi di piccole dimensioni possono essere trasportati
per diversi metri. Lungo le coste si osservano diffusamente fenomeni di intensa erosione che modificano notevolmente il
profilo della linea di costa. Gli alberi sulla riva sono sradicati e trascinati via.

C) Sono frequenti le fratture beanti fino ad oltre un metro e lunghe alcune centinaia di metri, soprattutto nei terreni
alluvionali sciolti e/o nei terreni saturi; in rocce competenti [’apertura delle fratture puo raggiungere diversi decimetri.
La pavimentazione stradale (asfalto o pietra) é interessata da ampie fratture, nonché da onde di pressione (pressure
undulations).

d) Sono frequenti fenomeni franosi e crolli di grandi dimensioni (> 1 0 - 100 m3), indipendentemente dallo stato di
equilibrio dei versanti, che favoriscono la formazione di laghi di sbarramento temporanei o permanenti. Gli argini
fluviali e le pareti di scavo tipicamente collassano. Argini e dighe in terra possono risultare gravemente danneggiati.
Nelle aree costiere sono frequenti le frane sottomarine.

e) Glialberi oscillano vigorosamente; molti rami e tronchi d’albero si spezzano e cadono. Alcuni alberi possono sradicarsi
e cadono.

f) [ fenomeni di liquefazione, unitamente ai fenomeni di compattazione del terreno e di fuoriuscite di acqua in pressione
(water upsurge), possono modificare [’aspetto di vaste zone; i vulcani di sabbia possono superare i 6 metri di diametro;
la subsidenza verticale puo superare il metro; sono comuni grandi e lunghe fenditure dovute ai fenomeni di espansione
laterale (lateral spreading).

g) In condizioni particolarmente secche € comune osservare il sollevamento di nuvole di polvere dal terreno.

h)  Blocchi di diametro anche superiore a 2-3- metri possono venire scagliati in aria e trascinati per centinaia di metri
anche su versanti poco pendenti, lasciando tipiche impronte sul terreno.

XI - DEVASTANTE / Gli effetti sull’ambiente divengono decisivi per la valutazione dell’intensita
poiché i danni alle strutture giungono a saturazione

Gli effetti primari sono dominanti

La fagliazione superficiale si estende per molte decine fino ad oltre un centinaio di km, con rigetti che possono raggiungere
parecchi metri. Si formano depressioni allungate, gravity graben e pressure ridges. Le linee di drenaggio possono venire
significativamente dislocate. Si possono verificare abbassamenti o sollevamenti della superficie topografica di natura tettonica
con valori massimi di diversi metri.
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Effetti secondari: /’area totale interessata é nell’ordine di 10.000 km'.

a) Siosservano variazioni di portata consistenti di molte sorgenti ¢/o della loro quota di affioramento. Molte di esse possono
sgorgare o essiccarsi in via temporanea o talvolta in maniera definitiva. Si osservano temporanee oscillazioni del livello
idrico nei pozzi. Si osservano consistenti variazioni delle proprieta chimico-fisiche delle acque di sorgenti e/o pozzi,
soprattutto della temperatura. Spesso ’acqua diviene molto fangosa anche in bacini molto grandi, nonché in fiumi,
pozzi e sorgenti. Si registrano emissioni gassose, generalmente sulfuree, e nelle aree ad esse limitrofe i cespugli e I’erba
prendono talvolta fuoco.

b) Notevoli onde si formano in grandi laghi e nei corsi d’acqua, i quali esondano dal loro alveo. Nelle piane alluvionali i
fiumi possono modificare il loro tracciato, in via temporanea ma anche permanente, anche a causa dei diffusi fenomeni
franosi e di subsidenza del terreno. Specchi d’acqua possono formarsi o scomparire. A seconda della morfologia del
fondale e della linea di costa, gli tsunami possono raggiungere le coste con runup fino a 15 metri e piu, inondando
estesamente aree pianeggianti per km nell ‘entroterra. Blocchi di dimensioni anche metriche possono venire trasportati
per lunghe distanze. Lungo le coste si osservano diffusamente fenomeni di intensa erosione che modificano notevolmente
la morfologia costiera. Gli alberi sulla riva sono sradicati e trascinati via.

c) Fratture di ampiezza anche di diversi metri sono assai comuni, soprattutto nei depositi alluvionali e/o nei terreni saturi.
Nelle rocce competenti esse raggiungono il metro di larghezza. La pavimentazione stradale (asfalto o pietra) ¢ interessata
da fratture molto ampie ¢ da onde di pressione (pressure undulations).

d) Sono frequenti grandi fenomeni franosi e crolli (> 1 09 -100 m3 ), indipendentemente dallo stato di equilibrio dei versanti,
che favoriscono la formazione di laghi di sbarramento temporanei o permanenti. Gli argini fluviali, gli sbancamenti
artificiali e le pareti di scavo tipicamente collassano. Argini e dighe in terra possono risultare gravemente danneggiate.
Frane significative possono verificarsi a distanza anche di 200 — 300 km dall epicentro. Nelle zone costiere sono frequenti
ampie frane sottomarine.

e) Gli alberi oscillano vigorosamente; molti rami e tronchi si spezzano e cadono. Molti alberi vengono sradicati e cadono.

f) [ fenomeni di liquefazione modificano [’aspetto di estese aree di pianura, causando abbassamenti verticali anche
superiori a diversi metri, parecchi vulcani di sabbia e considerevoli fenomeni di espansione laterale.

g) In condizioni particolarmente secche ¢ comune osservare il sollevamento di nuvole di polvere dal terreno.

h)  Grossi blocchi (diametro anche di parecchi metri) possono essere scagliati in aria e trascinati via per lunghe distanze
anche su versanti poco pendenti, lasciando tipiche impronte nel terreno.

XIl - TOTALMENTE DEVASTANTE / Gli effetti sull’ambiente sono I’unico strumento per
valutare I’intensita

Effetti primari: sono dominanti.

La fagliazione superficiale si estende per centinaia di km, con rigetti che possono raggiungere decine di metri. Si formano
depressioni allungate, gravity graben e pressure ridges. Le linee di drenaggio possono venire significativamente dislocate.
Le trasformazioni geomorfologiche e del paesaggio indotte dagli effetti primari possono risultare eccezionalmente intense
ed estese (tipici esempi sono il sollevamento o I’abbassamento di parecchi metri delle linee di costa, la formazione o la
scomparsa dalla vista di elementi significativi del paesaggio, variazioni del tracciato di corsi d’acqua, sviluppo di cascate,
formazione o scomparsa di laghi).

Effetti secondari: L area totale interessata é nell’ordine di 50000 km" 0 superiore.

a) Siosservano variazioni di portata consistenti di molte sorgenti e/o della loro quota di affioramento. Temporanee oscillazioni
del livello idrico nei pozzi. Molte sorgenti possono sgorgare o essiccarsi in via temporanea o talvolta in maniera definitiva.
Si osservano consistenti variazioni delle proprieta chimico-fisiche delle acque di sorgenti e/o pozzi, soprattutto della
temperatura. I’acqua diviene molto fangosa anche in bacini molto grandi, nonché in fiumi, pozzi e sorgenti. Si registrano
emissioni gassose, generalmente sulfuree, e nelle aree ad esse limitrofe i cespugli e 1’erba prendono talvolta fuoco.

b) Onde gigantesche si formano in grandi laghi e fiumi, che esondano dal proprio alveo. Nelle piane alluvionali i fiumi
possono modificare il loro tracciato e persino la direzione del deflusso in via temporanea o anche permanente, anche
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g)
h)
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a causa dei diffusi fenomeni franosi e di subsidenza del terreno. Estesi specchi d’acqua possono formarsi o sparire. A
seconda della morfologia del fondale e della linea di costa, gli tsunami possono raggiungere le coste con runups fino
a diverse decine di metri, recando devastazione nelle aree pianeggianti per vari km nell entroterra. Grossi blocchi
possono venire trasportati per lunghe distanze. Lungo le coste si osservano diffusi fenomeni di intensa erosione con
notevolissimi sconvolgimenti della morfologia costiera. Molti alberi sulla riva sono sradicati e trascinati via. Tutte le
barche sono strappate ai loro ormeggi e spazzate via o trasportate sulla terraferma anche per lunghe distanze. Tutte le
persone all’esterno vengono travolte.

Fratture nel terreno sono molto frequenti, beanti anche piu di un metro nel bedrock, fino anche a 10 metri in depositi
alluvionali sciolti e/o in terreni saturi. Si estendono per diversi chilometri in lunghezza.

Grandi fenomeni franosi e crolli (> 1 09-106m3 ) sono frequenti, indipendentemente dallo stato di equilibrio dei versanti,
che favoriscono la formazione di laghi di sbarramento temporanei o permanenti. Gli argini fluviali, gli shancamenti
artificiali e le pareti di scavo tipicamente collassano. Argini e dighe in terra risultano gravemente danneggiate. Frane
significative possono verificarsi ad oltre 200-300 km dall epicentro. Nelle zone costiere sono frequenti notevoli frane
sottomarine.

Gli alberi oscillano vigorosamente; molti rami e tronchi si spezzano e cadono. Molti alberi vengono sradicati e cadono.

Le liquefazioni si verificano in aree assai estese e vanno a modificare la morfologia di vaste zone pianeggianti,
determinando abbassamenti verticali anche superiori a parecchi metri. Sono diffusi vulcani di sabbia di grandi
dimensioni ed estesi e considerevoli fenomeni di espansione laterale (lateral spreading).

In condizioni particolarmente secche ¢ comune osservare il sollevamento di nuvole di polvere dal terreno.

Blocchi anche molto grandi possono essere scagliati in aria e trascinati via per lunghe distanze anche su versanti poco
pendenti, lasciando tipiche impronte nel terreno.
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2.3. - Escala medio-ambiental de intensidad sismica ESI 2007 (Spanish)

Trapuccion: SILVA P. G. (1), PEREZ LOPEZ R. (2), RODRIGUEZ PASCUA M.A. (2)

Introduccion

Laintensidad sismica se basaen laclasificacion
de los efectos causados por los terremotos
sobre las personas, construcciones humanas
(edificaciones e infraestructuras) y en el medio
natural (efectos ambientales o geoldgicos). Este
parametro de tamafo sismico proporciona una
estimacion de la severidad de la sacudida sismica
teniendo en cuenta los efectos producidos por el
rango completo de frecuencias del movimiento
ondulatorio asi como de las deformaciones
estaticas que se produzcan.

Todas las escalas de intensidades (Rossi-Forel,
Mercalli, MCS, MSK, Mercalli Modificada)
consideran los efectos sobre la naturaleza como
elementos diagnosticos a la hora de evaluar la
intensidad sismica. No obstante, algunas escalas
modernas (e.g., Espvosa et alii, 1976a; 1976b;
GRUNTHAL, 1998) tan solo consideran los efectos
sobre las personas y sobre las construcciones
en la evaluacion de intensidades, reduciendo
drasticamente la relevancia diagnostica de
los efectos sobre la naturaleza aduciendo que
tales efectos presentan una gran variabilidad y
aleatoriedad siendo dificiles de cuantificar. A
pesar de ello, estudios recientes (e.g. DENGLER &
McPuERSON, 1993; SErRvA, 1994, Dowrick, 1996;
Esposito et alii, 1997; Hancox et alii, 2002;

(1) Departamento de Geologia, Universidad de Salamanca, Spain.

MicherT et alii, 2004) aportan claras evidencias
de que las caracteristicas de los efectos
ambientales o geoldgicos de los terremotos, son
en laactualidad ampliamente clasificables a partir
de fuentes historicas y andlisis paleosismoldgicos,
los cuales aportan una informacion esencial para
la evaluacion del tamafio de los terremotos y en
particular de su intensidad.

Con este proposito se ha desarrollado la Escala
de Intensidad ESI 2007 (MicherT! et alii, 2007),
la cual se encuentra basada exclusivamente en
los efectos ambientales de los terremotos. Su
uso, en solitario o integrada con otras escalas
tradicionales, ofrece una mejor imagen de los
escenarios sismicos acontecidos ya que solo los
efectos ambientales de los terremotos permiten
la comparacién aceptable de la severidad del
movimiento del terreno en diferentes escalas
temporales y zonas geograficas:

* tiempo: los efectos sobre la naturaleza pueden
sercomparados paraventanastemporales (eventos
sismicos recientes, historicos y paleosismos)
mucho mas amplia que los periodos registrados
por la sismicidad instrumental (ltimo siglo).

 diferentes dareas geogrdficas: los efectos
ambientales no dependen de las diferentes

(2) Area de Riesgos Geologicos. Instituto Geoldgico y Minero de Espafia, Madrid, Spain.
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condiciones socio-econémicas de una zona, ni y por tanto la inica manera viable de establecer
de las diferentes practicas de construccion, ni del la intensidad son los efectos ambientales, que son
grado de urbanizacion de las zonas afectadas. los tnicos efectos diagndsticos disponibles.

Asi, esta nueva escala puede integrarse con La definicion de los  grados  de
las escalas sismicas tradicionales: intensidad es el resulta do de una

revision de los efectos ambientales causada
por un gran numero de grandes terremotos
a nivel mundial, llevada a cabo por un Grupo
de Trabajo Internacional integrado por gedlogos,
sismologos e ingenieros. La escala ESI 2007 fue
ratificada  por INQUA (International Union
* En dreas escasamente pobladas, donde los for Quaternary Research) durante el XVII INQUA
efectos sobre las construcciones pueden no existir Congress (Cairns, Australia) en el afio 2007.

* para intensidades sismicas de grado superior
o igual a X, en las que la evaluacion de la
intensidad basada en los dafios llega a saturarse
siendo dificil de estimar, mientras que los efectos
ambientales todavia son diagnosticos.

Descripcion

La escala de intensidades ESI 2007 se encuentra estructurada en doce grados de intensidad. El titulo
de cada grado de intensidad refleja la fuerza correspondiente del terremoto y el papel de los efectos
sobre la naturaleza. En su descripciodn, se indica para cada grado en primer lugar las caracteristicas y
dimensiones de los efectos primarios. Seguidamente, los efectos secundarios son descritos en funcién
del area total afectada y su distribucidn espacial para la determinacion de la intensidad epicentral. Estos
se encuentran agrupados en diferentes categorias ordenados por la secuencia de ocurrencia inicial. Los
textos en Cursiva se han usado para resaltar aquellas descripciones que se consideran diagndsticas por si
mismas para un grado de intensidad dado.

Los Efectos Primarios se encuentran directamente relacionados con la energia sismica liberada y en
particular con la expresion en superficie de la fuente sismogenética. Las dimensiones o escala de los
efectos primarios se expresan en términos de dos diferentes parametros: 1) La longitud de ruptura total
(SRL); y i1) Desplazamiento maximo (MD). Su presencia se encuentra normalmente asociada a un valor
de intensidad minima (VIII), excepto en el caso de terremotos muy superficiales en zonas volcanicas.
La cantidad de deformacion superficial (elevacion o subsidencia tectonica) también es considerada en la
escala.

Los Efectos Secundarios constituyen cualquier fenomeno natural inducido por la sacudida sismica y
se clasifican en ocho grandes categorias:

a) Anomalias Hidrologicas. Esta categoria incluye cambios en el caudal de fuentes, manantiales y cursos
de agua, asi como cambios en las propiedades fisico-quimicas de aguas superficiales y subterraneas (e.g.
temperatura, turbidez, etc.). Estos efectos son diagnosticos para intensidades comprendidas entre [V y X.

b) Oleaje andmalo y tsunamis. En esta categoria se incluyen: seiches en cuencas cerradas,
desbordamientos de agua de estanques, lagos y presas, asi como tsunamis. En el caso de los tsunamis,
mas que el tamafo propiamente dicho de la ola, se consideran sus efectos sobre el litoral (especialmente
el runup, erosion litoral y cambios en la morfologia de la linea de costa), sin olvidarse de aquellos efectos
sobre las personas, edificaciones y estructuras que son tomados como diagndsticos de la intensidad
sufrida. Los efectos catalogados pueden ocurrir a partir de intensidad IV, pero son mas diagnosticos para
intensidades 1X a XII.
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C) Agrietamientos y fisuracion del terreno. Los agrietamientos del terreno se describen en términos de
su longitud (desde cm hasta algunos cientos de metros), anchura (desde mm a m) y densidad espacial.
Son observables a partir de intensidad IV, pero se saturan (su tamafio no se incrementa) a partir de
intensidad X.

d) Movimientos de ladera: Esta categoria incluye todas las tipologias de procesos gravitacionales,
incluyendo, caidas de rocas, deslizamientos y flujos de tierra. En aquellos casos en que el contexto
litologico y geomorfoldgico es similar, los parametros diagnosticos lo constituyen el volumen movilizado
y el area total afectada. Estos efectos comienzan a ser patentes a partir de intensidad IV y se saturan (su
tamafo no incrementa) a partir de intensidad X.

e) Agitamiento de Arboles y Vegetacion: Estos efectos son diagndsticos para intensidades de IV a X.
These effects are diagnostic from IV to X degree La definicion de los grados de intensidad basicamente
se ajusta a la propuesta por Dengler & McPherson (1993).

f) Licuefaccion del terreno: Esta categoria incluye volcanes de arena, ejecciones de agua, barro y
arena, algunos tipos de expansion lateral, compactacion y subsidencia del terreno. Sus dimensiones son
diagndsticas para intensidades comprendidas entre los grados V y X. n this category are included sand
volcanoes, water and sand fountains, some types of laterl spreading, ground compaction and subsidence.
Their size is diagnostic for intensity degree from V to X.

g) Nubes de Polvo: pueden desarrollarse a partir de intensidad VIII, tipicamente en zonas aridas/secas.

h) Desplazamiento de cantosy rocas: Estos efectos se observan a partir de intensidad IX. Las dimensiones
de las rocas y bloques movilizados son consideradas como elementos diagnosticos para la asignacion de
intensidades. Estas evidencias indican que la aceleracion del terreno es mayor que la de la gravedad y
puede localmente ocurrir a partir de intensidad IX hasta XII.

Los efectos ambientales de los terremotos pueden observarse y catalogarse a paratir de intensidad
IV (fig. 2.2). Algunos tipos de efectos (anomalias hidrolégicas) pueden incluso observarse en grados
inferiores, pero no pueden considerarse como elementos diagndsticos. La precision en la evaluacion de
intensidades aumenta hacia los grados mas fuertes y, en particular en el rango de intensidades a partir de
las cuales los efectos primarios comienzan a ser patentes (tipicamente a partir de intensidad VIII) hasta
intensidad XII- A partir de intensidad X comunmente los efectos sobre las personas y construcciones
se saturan (i.e. los edificios se encuentran generalmente completamente destruidos) y es virtualmente
imposible diferenciar entre grados de intensidad. Es eneste rango de intensidades donde los efectos
ambientales son los dominantes, constituyendo la herramienta mas valiosa (a veces la unica) para la
evaluacion de intensidades.

Como usar la Escala de Intensidades ESI 2007

El uso de la escala ESI como una herramienta independiente para la evaluacion de intensidades se
recomienda Unicamente cuando los efectos ambientales son diagnosticos debido a que los efectos sobre
las personas o construcciones estén ausentes, sean muy escasos o se encuentren saturados. Cuando
estos dos ultimos tipos de efectos estén también disponibles serd posible llevar a cabo dos estimaciones
independientes de la intensidad. En general, la intensidad final que se obtenga tiene que ser igual al valor
mas alto obtenido mediante las dos evaluaciones. Obviamente, en este caso la participacion de expertos
es esencial.

La intensidad Epicentral (I)) queda definida como la intensidad de la sacudida sismica en el
epicentro del terremoto. Los pardmetros de las rupturas de falla asi como el area total afectada por
efectos secundarios (licuefaccion y/o deslizamientos), son dos criterios independientes que pueden
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CUADRO DE LA INQUA ENVIRONMENTAL SEISMIC INTENSITY SCALE 2007 - ESI 07
Elaborada par el Grupe de Trabajo Espafiol AEQUA (medified from Silva et al,, 2008; Reicherter et al., 2008)
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Fig. 2.2. - Esquema grafico de los diferentes efectos geoldgicos y ambientales cosismicos considerados en la Escala
Macrosismica ESI-2007. Se indica el tipo de registro geologico y/o geomorfologico mas normal en cada uno de los grupos de
categorias de intensidades. Figura Actualizada de la original segun la version en inglés publicada en ReicHErTER et alii, 2009.

utilizarse para la evaluacion de I a partir de intensidad VII (tab. 2.1).

Hay que prestar especial atencion cuando las dimensiones de las rupturas superficiales se encuentran
proximas a los limites establecidos para dos grados de intensidades consecutivos. En estos casos se
recomienda utilizar las caracteristicas y distribucion espacial de los efectos secundarios como criterio
diagnéstico principal con el fin de evitar evaluaciones subjetivas. En cualquier caso, en la evaluacion del
area total afectada se recomienda no incluir efectos aislados ocurridos en campo lejano.

Tab. 2.1 - Rango de los parametros de rupturas de falla (efectos primarios) y extension areal tipica del registro de los
efectos secundrios para cada uno de los grados de intensidad ESI-2007

v - - -
V - - -
VI - -
VII *) *) 10 km2
VIII Cientos de metros Centimetrico 100 km2
IX 1- 10 km 5-40cm 1000 km2
X 10 - 60 km 40 - 300 cm 5000 km2
X 60 — 150 km 300 -700 cm 10000 km2
X1l > 150 km > 700 cm > 50000 km2

(*) Rupturas de falla de decenas a algunas centenas de metros de longitud y desplazamiento centimétrico, pueden
desarrollarse asociadas a terremotos muy superficiales, generalmente ocurridos en zonas volcanicamente activas.

La intensidad Local puede evaluarse esencialmente a partir de la descripcion de los efectos
secundarios ocurridos en diferentes “sitios” una localidad determinada. Este tipo de intensidad tiene que
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ser comparable con la determinada a partir de las escalas tradicionales basadas en dafios. Hay que tener
en cuenta que el concepto de “Localidad” puede tanto referirse a una zona habitada (pueblo, ciudad)
como a un paraje natural sin asentamientos humanos. Cuando unicamente se encuentren disponibles
efectos primarios, puede utilizarse para esta evaluacion la expresion local de la ruptura de falla, en
términos de maximo desplazamiento.

Definiciones de los grados de intensidad

I a lll - EFECTOS NO PERCEPTIBLES EN EL AMBIENTE que puedan ser usados como
diagnosticos

IV - AMPLIAMENTE OBSERVADO: Primeros efectos inequivocos sobre el Ambiente

Efectos primarios: ausentes.

Efectos secundarios:

a)

b)

d)

e)

En raras ocasiones suceden pequeias variaciones locales del nivel de agua en pozos y/o en el caudal de manantiales y
fuentes. En muy raras ocasiones ocurren pequefias variaciones de las propiedades fisicas - quimicas del agua y de la
turbidez del agua en los lagos, manantiales, fuentes y pozos, especialmente dentro de grandes acuiferos karsticos que
son los mas propensos a este fendmeno.

En cuencas cerradas (lagos e incluso mares) se pueden formar pequeiios seiches centimétricos que comtiinmente solo
son detectados por los maredgrafos, aunque excepcionalmente pueden ser vistos. Caracteristicos en el campo lejano de
fuertes terremotos. Oleaje andmalo es percibido por todo el mundo en pequefias embarcaciones, por algunas personas en
barcos y por la mayoria en la costa. El gua de piscinas y enstanques se agita y algunas veces puede desbordarse.

Ocasionalmente, muy pocos casos de grietas muy finas (mm) en zonas donde la litologia (ej. depositos aluviales poco
compactados, suelos saturados) y/o morfologia (laderas escarpadas o cimas de colinas) son mas propensos a este
fenémeno.

Excepcionalmente pueden ocurrir caidas de rocas, y pequeflos deslizamientos existentes pueden reactivarse.
Fundamentalmente en laderas donde el equilibrio es ya muy inestable (ej. laderas o cuestas, escarpadas y cortadas,
desarrolladas sobre suelos saturados o material coluvial poco compactado, asi como en cortes y taludes artificiales de
caminos, carreteras, ferrocarriles y canteras o areneros a cielo abierto).

Las ramas de los arboles pueden verse sacudidas.

V - FUERTE: Efectos marginales sobre el Ambiente

(Los efectos naturales afectan marginalmente al terreno y solo en ocasiones excepcionales dejan evidencia en el registro

geologico -procesos de liquefaccion-y en ningun caso afectan al registro geomorfoldgico permanente del paisaje afectado).

Efectos primarios ausentes.

Efectos secundarios:

a)

b)

En raras ocasiones ocurren variaciones apreciables en el nivel de agua en pozos y/o caudal en manantiales y fuentes,
asi como pequefias variaciones en las propiedades fisico-quimicas y turbidez del agua de lagos, manantiales, fuentes y
poZzos.

En cuencas cerradas (lagos e incluso mares) se pueden formar pequefios seiches decimétricos que comiinmente pueden
ser observados. Caracteristicos en el campo lejano de fuertes terremotos. Oleaje anomalo de pocas decenas de centimetros es
percibido por todo el mundo en todo tipo de embarcaciones y en la costa. Piscinas y estanques cominmente se desbordan.
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¢) Localmente se desarrollan finas grietas de anchura milimétrica, y longitud decimétrica a métrica, en zonas donde la litologia (ej.
depositos aluviales poco compactados, suelos saturados) y/o morfologia (laderas o escarpes de colinas) son mas propensos a este
fenémeno.

d) En raras ocasiones ocurren caidas de rocas, deslizamientos rotacionales y flujos de tierras, a pequefia escala (muy locales),
especialmente a lo largo de pendientes donde el equilibrio es inestable (ej. laderas o cuestas escarpadas sobre materiales sedimentarios
poco compactados o suelos saturados, asi como en cortes y taludes artificiales de caminos, carreteras, ferrocarriles y canteras o
areneros a cielo abierto).Ocasionalmente se pueden generar pequefos deslizamientos submarinos que dan lugar a oleajes anomalos
transitorios en zonas litorales.

e) Lasramas de los arboles y arbustos se sacuden ligeramente y en muy raros casos pueden caer ramas muertas o frutos.

f)  Extremadamente raros casos de licuefaccion (volcanes de arena) de pequeno tamano (cm) en areas propensas a este tipo de fenomeno
(Ilanuras costeras y fondos aluviales recientes arenosos con nivel freatico muy somero).

VI - LIGERAMENTE DANINO: Efectos moderados sobre el Ambiente

(Los efectos naturales pueden dejar alguna traza significativa en el terreno, pero por lo general con un grado de
supervivencia en el paisaje muy corto, de semanas o pocos meses. El registro geologico de procesos de liquefaccion y
deslizamientos comienza a ser significativo).

Efectos primarios ausentes.
Efectos secundarios:

a) Registro comun de variaciones significativas en el nivel de agua en pozos y/o caudal en manantiales y fuentes, asi como
pequetias variaciones en las propiedades fisico-quimicas y turbidez del agua de lagos, manantiales, fuentes y pozos.

b) Oleaje anomalo de varias decenas de centimetros producen inundaciones limitadas en zonas de costa y ribera. Piscinas,
estanques y pequenas lagunas comtinmente se desbordan.

C) Ocasionalmente se observan fracturas de anchura mili a centimétrica y longitud métrica en depdsitos aluviales poco
compactados y/o suelos saturados. Especialmente a lo largo de pendientes escarpadas y mdrgenes (orillas) de rios,
donde pueden alcanzar de 1 a 2 cm de anchura. Algunas agrietamientos milimétricos pueden desarrollarse en carreteras
pavimentadas (asfaltos / empedrados).

d) Ocasionalmente pueden ocurrir caidas de rocas y deslizamientos de hasta ca. 103 m3, especialmente donde el
equilibrio es inestable y existen fuertes pendientes. (ej. Laderas o cuestas escarpadas sobre materiales sedimentarios
poco compactados, suelos saturados, o rocas fracturadas / meteorizadas). Ocasionalmente pueden suceder eventos de
deslizamientos submarinos o subacuaticos en zonas costeras y lagos generando oleaje anémalo que por lo general solo
es detectado por registros instrumentales.

e) Lasramas de arboles y arbustos son sacudidas visiblemente. Algunas pocas ramas inestables y copas de arboles pueden
romperse y caer, dependiendo de la especie y del estado de madurez de los frutos.

f) En raras ocasiones pueden ocurrir casos de licuefaccion (volcanes de arena), pequerios en tamario (cm), en areas
propensas a este tipo de fenomeno como llanuras costeras y fondos aluviales recientes con nivel fredtico muy somero.

VII - DANINO: Efectos apreciables sobre el Ambiente

(Los efectos naturales pueden dejar trazas significativas en el terreno, pero por lo general con un grado de supervivencia
en el registro geomorfologico muy corto, de meses o pocos arios, muy excepcionalmente permanentes. El registro geologico
de procesos de liquefaccion, deslizamientos comienza a ser bastante significativo en dreas propicias)

Efectos primarios: Muy raramente observados, casi exclusivamente en zonas volcanicas.

Pueden generarse rupturas superficiales de falla limitadas, con longitud de decenas a centenares de metros y
desplazamiento (offset) centimétrico, esencialmente asociadasa terremotos tectd-volcanicos muy superficiales.

Efectos secundarios: El area afectada es generalmente inferior o del orden de 10 km?2,

a) Localmente se registran variaciones significativas en el nivel de agua en pozos y/o caudal de manantiales y fuentes.
Raramente, pequefos manantiales o fuentes pueden temporalmente secarse, y/o aparecer otros nuevos. Comtinmente se



b)

d)

€)

9)
h)
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producen variaciones apreciables en las propiedades fisico-quimicas y turbidez del agua de lagos, manantiales, fuentes y
pozos.

Olas andmalas, incluso de mas de un metro de altura producen inundaciones limitadas en zonas de costa y ribera,
dafnando y arrastrando objetos de distintas dimensiones. Se producen desbordamientos en lagunas, estanques e incluso
rios. ESI-2007. Pag. 6

Fracturas de hasta 5 - 10 centimetros de ancho y centenares de metros de longitud son comunmente observadas
endepositos aluviales poco compactados y/o suelos saturados. Raramente también se observan fracturas de hasta 1
centimetro de ancho en materiales arenosos secos y suelos arcillosos. Son comunes las grietas centimétricas en caminos
pavimentados (asfalto o empedrados).

Comunmente ocurren deslizamientos aislados y dispersos en areas especialmente propensas donde el equilibrio es
inestable (ej. laderas o cuestas de alta pendiente sobre materiales sedimentarios poco compactados, suelos saturados o
rocas fracturadas /meteorizadas). Caida de rocas apreciable en desfiladeros y gargantas escarpadas o acantilados costeros.
Su tamafio es a veces considerable (103 — 105 m3). En materiales arenosos secos, areno-arcillosos y suelos arcillosos
los volimenes son normalmente hasta 100 m3. Rupturas, derrumbes y caidas (rocas) pueden afectar las orillas de los
rios y terraplenes o taludes artificiales (ej. cortes de caminos, canteras, etc.) desarrollados en materiales sedimentarios
poco compactados o rocas fracturadas/meteorizadas. Se pueden generar deslizamientos submarinos o subacudticos
significativos que provocan oleajes andmalos en zonas costeras de mares y lagos observados por la mayoria de las
personas en embarcaciones y puertos.

En zonas boscosas los darboles y arbustos son sacudidos vigorosamente. Muchas ramas y copas de darboles rompen y
caen.

Raros casos de licuefaccion (volcanes de arena) de hasta 50 cm de diametro pueden desarrollarse en dareas propensas a
este tipo de fenomeno como (llanuras costeras y fondos aluviales recientes con nivel fredatico muy somero.

En zonas secas o semiaridas, pueden levantarse nubes de polvo en el drea epicentral.

Piedras e incluso pequefios cantos y troncos de arboles pueden ser arrojados al aire dejando huellas de caida en suelos blandos.

VIII - MUY DANINO: Efectos considerables sobre el Ambiente

(Los efectos naturales dejan trazas significativas y en algunas ocasiones permanentes en el terreno. El registro

geomorfologico comienza a ser algo significativo y el registro geologico de rupturas de falla —excepcionalmente- procesos
de liquefaccion y deslizamientos ya toma un cuerpo notable).

Efectos primarios: Raramente observados.

Las rupturas de falla pueden alcanzar hasta varios centenares de metros de longitud, con desplazamientos (offset) de pocos centimetros

(< 5 c¢m), particularmente durante terremotos muy superficiales, como ocurre en eventos tecto-volcanicos. Subsidencia o elevacion
tectonica de la superficie del terreno puede presentar valores mdaximos de orden centimétrico.

Efectos secundarios: El area afectada es generalmente inferior o del orden de 100 kma.

a)

b)

c)

d)

Los manantiales y fuentes pueden cambiar, generalmente de forma temporal, tanto su caudal y/o posicion altimétrica (sobrepresion).
Algunas manantiales y fuentes pequefias pueden incluso secarse. Las variaciones en el nivel del agua en los pozos son comunes
y significativas. Las propiedades fisico-quimicas y, mas comunmente la temperatura, cambia en manantiales y/o pozos. El agua
de lagos, rios y manantiales frecuentemente puede volverse turbia, incluso ligeramente fangosa. Localmente se pueden producir
emisiones de gases normalmente sulfurosos.

Olas andémalas de entre 1-2 m de altura producen inundaciones en zonas de costa y ribera, dailando y arrastrando objetos de distintas
dimensiones. Se producen desbordamientos violentos en lagunas, estanques y rios. Erosion y acumulacion de restos flotantes en las
playas, donde los arbustos e incluso arboles débilmente enraizados pueden ser arrancados y arrastrados hacia el interior.

Fracturas de hasta 50 centimetros de anchura y centenares de metros de longitud son comunmente observadas en depdsitos
aluviales poco compactados y/o suelos saturados. En raros casos pueden desarrollarse fracturas de hasta 1 cm de anchura en rocas
competentes o firmes. Son comunes grietas decimétricas y pequeiias ondulaciones de presion en caminos y zonas pavimentadas
(asfalto o empedrados).

Deslizamientos pequefios a moderados (103 — 105 m3) pueden ocurrir extensamente en areas propensas. Raramente pueden también
ocurrir en laderas de poca pendiente donde el equilibrio es inestable (ej. pendientes o laderas sobre materiales sedimentarios poco
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compactados, suelos saturados o rocas fracturadas / meteorizadas). Caida de rocas en desfiladeros escarpados y acantilados costeros.
Su tamafio es a veces grande (10s - 106 m3). Algunos deslizamientos pueden ocasionalmente obturar valles estrechos causando
lagos temporales ¢ incluso permanentes. Rupturas, derrumbes y caidas (rocas) pueden afectar las margenes (orillas) de los rios, los
terraplenes y taludes artificiales (p.¢j. cortes de caminos, canteras, etc.) desarrollados en materiales sedimentarios poco compactados
o rocas fracturadas/meteorizadas. Es comtin la generacion de deslizamientos submarinos en zonas costeras. ESI-2007. Pag. 7

e) Los arboles se sacuden fuertemente. Muchas ramas se rompen y caen. Mas raramente, troncos en equilibrio pueden desenraizarse y
caer, especialmente en laderas con fuerte pendiente.

f)  Los Procesos de Licuefaccion pueden ser frecuentes en el drea epicentral, dependiendo de las condiciones locales. Los efectos mds
caracteristicos son volcanes de arenas de hasta ca. 1 m de diametro; chorros de agua (Water fountains) pueden ser visibles en aguas
tranquilas de lagos someros (lagoones, salinas, zonas pantanosas); extensiones laterales y asentamientos locales (subsidencia hasta
aprox. 30 cm) con agrietamientos paralelos a los cuerpos de agua (margenes derios, lagos, canales y lineas de costa).

9) Enzonas secas o semidridas, pueden levantarse nubes de polvo en el drea epicentral.

h) Piedras ¢ incluso pequefios cantos y troncos de arboles pueden ser arrojados al aire dejando huellas de caida en suelos blandos.

IX - DESTRUCTIVO: Los efectos en el ambiente son generalizados, constituyendo una fuente de
peligrosidad considerable, y empiezan a ser importantes para la determinacion de la intensidad.

(Los efectos naturales dejan trazas considerables y permanentes en el terreno. El registro geomorfologico de este tipo
de eventos comienza a ser un dato muy significativo, mientras que en el registro geologico, rupturas de falla, procesos de
liquefaccion, deslizamiento y excepcionalmente tsunamis es una pauta comun,).

Efectos primarios: Comiinmente observados.

Las rupturas de falla pueden alcanzar una longitud de unos pocos kilometros, con desplazamientos (offset) de algunas decenas de
centimetros (10— 20 ¢cm). Subsidencia o elevacion tectonica de la superficie del terreno con valores mdaximos de orden decimetro.

Efectos secundarios: El area afectada es generalmente inferior o del orden de 1000 kma.

a) Los manantiales y fuentes pueden cambiar, generalmente de forma temporal, tanto su caudal y/o posicion altimétrica (sobrepresion).
Algunas manantiales y fuentes pueden incluso secarse. Las variaciones en el nivel del agua en los pozos son comunes y significativas.
Las propiedades fisico-quimicas y, mds comunmente la temperatura, cambia en manantiales y/o pozos. El agua de lagos, rios y
manantiales frecuentemente puede volverse muy turbia, incluso ligeramente fangosa. Localmente se pueden producir emisiones de
gases normalmente sulfurosos y, ocasionalmente tanto la hierba como los arbustos alrededor de estos puntos de emision pueden arder.

b) Se producen Olas anémalas de varios metros de altura en cuerpos de agua y cursos fluviales. En zonas de llanura de inundacién
los cauces de agua pueden incluso variar sus cursos, fundamentalmente ocasionado por procesos de subsidencia. Pueden aparecer
y/o desaparecer pequenas lagunas. Dependiendo de la topografia de la linea de costa y el fondo marino, pueden producirse tsunamis
peligrosos de algunos metros de runup provocando la inundacion de zonas extensas a lo largo del litoral. Erosion generalizada de
las zonas de playa, donde los arbustos ¢ incluso arboles pueden ser arrancados y arrastrados hacia el interior.

C) Fracturas de hasta 100 centimetros de anchura y centenares de metros de longitud son cominmente observadas en depdsitos aluviales
poco compactados y/o suelos saturados. En rocas competentes o firmes pueden desarrollarse fracturas de hasta 10 cm de anchura.
En caminos y zonas pavimentadas (asfalto o empedrados) es comun el desarrollo de grinta decimétricas significativas, asi como
pequeiias ondulaciones de presion.

d) Deslizamientos extensos y frecuentes en dreas propensas, incluso en laderas de poca pendiente en condiciones de equilibrio inestable
(ej. pendientes o laderas escarpadas sobre materiales sedimentarios poco compactados, suelos saturados o rocas fracturadas /
meteorizadas). Caida de rocas en desfiladeros escarpados y acantilados costeros. Su tamafio es frecuentemente grande (105 ms) y a veces
muy grande (10°m?). Algunos deslizamientos pueden ocasionalmente obturar valles estrechos, causando lagos temporales e incluso
permanentes. Las orillas de los rios, asi como terraplenes y taludes artificiales (ej. cortes de caminos, canteras, etc.) frecuentemente
colapsan. Son frecuentes grandes deslizamientos submarinos o subacuaticos en zonas costeras y lagos.

e) Los arboles se sacuden vigorosamente. Las ramas y troncos de arboles de pequefio diametro, frecuentemente se rompen y caen.
Algunos arboles situados en laderas de fuerte pendiente pueden ser desenraizados y colapsar.

f)  Los Procesos de Licuefaccion y eyeccion de agua son frecuente. Los efectos mas tipicos son: Volcanes de arena de hasta 3 m de
diametro; chorros de agua (Water fountains) pueden ser visibles en aguas tranquilas de lagos someros (lagoones, salinas, zonas
pantanosas), extensiones laterales y asentamientos locales (subsidencia hasta ca. 30 cm), con agrietamientos paralelos a los cuerpos
de agua (margenes de rios, lagos, canales y lineas de costa).

g) En zonas secas o semiaridas, pueden levantarse nubes de polvo en el area epicentral.
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h)  Pequeiios cantos y troncos de darboles pueden ser arrojados al aire desplazandose varios metros (dependiendo de la pendiente del
terreno) dejando huellas de caida en suelos blandos.

X - MUY DESTRUCTIVO: Los Efectos Ambientales se convierten en una de las fuentes de
peligrosidad dominantes y son esenciales para la evaluacion de la intensidad.

(Los efectos Ambientales son dominantessobre otro tipo de criterios en la evaluacion de los daiios, son relevantes en el
registro geomorfologico y fundamentales en el geoldgico, incluyendo el registro de tsunamis).

Efectos primarios: Comienzan a ser importantes.

Las rupturas de falla se convierten en un fenomeno caracteristico. Pueden alcanzar una longitud de decenas de kilometros, con
desplazamientos (offSet) decimétricos hasta unos pocos metros (ca. 1 - 2 m). Desarrollo de micrograbens y depresiones tectonicas alargadas
en terremotos con hipocentros muy superficiales. En el caso de eventos tecto-volcanicos la longitud de lasrupturas puede ser muy inferior.
Puede ocurrir subsidencia o elevacion tectonica del terreno con valores maximos de unos pocos metros.

Efectos secundarios: El drea afectada es generalmente inferior o del orden de 5000 kmo.

a) Los manantiales y fuentes cambian significativamente tanto su caudal como su posicién altimétrica (sobrepresion). Algunas
manantiales y fuentes pueden secarse incluso permanentemente. Las variaciones en el nivel del agua en los pozos son comunes y
significativas. Las propiedades fisico-quimicas de manantiales y/o pozos y, mas comunmente la temperatura en fuentes termales,
sufren fuertes variaciones. El agua de manantiales, rios ¢ incluso grandes lagos a menudo se vuelve muy fangosa. Las emisiones
de gases, normalmente sulfurosos, son cominmente observadas. La hierba y los arbustos en el entorno de estos puntos de emision
pueden arder.

b) Se producen Olas anémalas de varios metros de altura incluso en grandes lagos y rios. En zonas de llanura de inundacion los cauces
de agua pueden sufrir significativos cambios de curso temporales e incluso permanentes, debido a la generalizacion de procesos
de subsidencia. Pueden aparecer y/o desaparecer lagunas de entidad. Dependiendo de la topografia de la linea de costa y el fondo
marino, pueden producirse tsunamis de hasta 5 m de runup provocando la inundacion generalizada de zonas costeras bajas de
hasta miles de metros de penetracion tierra adentro. Pequerios bloques pueden ser arrastrados hacia el interior. Erosion significativa
generalizada de las zonas costeras bajas que producen significativos cambios la geometria de la linea de costa. La mayoria de la
vegetacion litoral (arbustos y drboles) es mayoritariamente arrasada y arrastrada hacia el interior.

C) Son frecuentes grandes grietas en el terreno con aberturas de hasta mas de 1 m de anchura, principalmente en depésitos aluviales
poco compactados y/o suelos saturados. En rocas competentes pueden alcanzar varios decimetros de anchura. Se desarrollan grietas
anchas en caminos pavimentados (asfalto o empedrados), acompaiiadas por significativas ondulaciones de presion. En suelos
enlosados y bordillos de aceras pueden desarrollarse estructuras de tipo pop-up de altura centimétrica y de extension métrica a
decamétrica.

d) Grandes deslizamientos y caidas de rocas (> 10s- 106 m3) son frecuentes, prdacticamente con independencia del estado del equilibrio
y pendiente de las laderas, causando lagos de obturacion temporales o permanentes. Las mdrgenes de los rios, terraplenes, taludes y
excavaciones artificiales tipicamente colapsan. Levees, terraplenes y represas de tierra pueden incluso sufrir serios darios

€) Los drboles se sacuden fuertemente. Muchas ramas y troncos de drboles se rompen y caen. Algunos drboles pueden ser desenraizados
y colapsar incluso en laderas de poca pendiente.

f)  Los Procesos de Licuefaccion, eyeccién de agua y compactacion del suelo pueden cambiar el aspecto de extensas zonas, aplanando
la topografia de llanuras costeras y llanuras de inundacion fluviales y aluviales; volcanes de arenas de hasta aproximadamente 6 m
de diametro. Los procesos de subsidencia > 1m produciendo grandes y largas grietas debido a extensiones laterales son comunes a
lo largo de margenes de rios, lagos, y canales. Grandes deslizamientos submarinos o subacudticos son frecuentes en zonas costeras
y lagos.

g) En zonas secas o semiaridas, pueden levantarse nubes de polvo en el area epicentral.

h)  Cantos y bloques (de hasta 2-3 metros de didmetro) pueden ser arrojados al aire desplazdndose centenares de metros incluso en zonas
de suave pendiente, dejando trazas y huellas de caida en suelos blandos.
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XI - DEVASTADOR: Los Efectos Ambientales se hacen totalmente esenciales para evaluar la
intensidad debido a la saturacion de los daiios estructurales en edificaciones

(Los efectos Ambientales llegan a ser esenciales para evaluaciones de Intensidad dada la casi total saturacion de otro
tipo de criterios para estimar los niveles de darios)

Efectos primarios: Dominantes.

Las rupturas de falla primarias pueden extenderse desde varias decenas de kilometros hasta unos 100 km, acompanadas
por desplazamientos de varios metros (> 2m). Es patente el desarrollo de fosas tectonicas, depresiones alargadas y lomas
de presion. Las lineas de drenaje pueden desplazarse ostensiblemente.Puede ocurrir subsidencia o elevacion tectonica del
terreno con valores de muchos metros.

Efectos secundarios: El drea afectada es generalmente inferior o del orden de 10.000 km2.

a) Losmanantiales y fuentes cambian significativamente tanto su caudal como su posicion altimétrica (sobrepresion). Algun
manantiales y fuentes pueden secarse incluso permanentemente. Las variaciones en el nivel del agua en los pozos son
comunes y significativas. Las propiedades fisico-quimicas de manantiales y/o pozos y, mas comunmente la temperatura
en fuentes termales, sufren fuertes variaciones. El agua de manantiales, rios e incluso grandes lagos a menudo se vuelve
muy fangosa. Las emisiones de gases, normalmente sulfurosos, son comunmente observadas. La hierba y los arbustos
en el entorno de estos puntos de emision pueden arder.

b) Se producen Olas anémalas de varios metros de altura incluso en grandes lagos y rios. En zonas de llanura de
inundacio los cauces de agua pueden sufrir significativos cambios de curso temporales e incluso permanentes, debido a
la generalizacion de procesos de subsidencia y desplomes de los margenes. Pueden aparecer y/o desaparecer lagunas de
entidad. Dependiendo de la topografia de la linea de costa y el fondo marino, pueden producirse tsunamis de hasta 15 m
de runup provocando la inundacion y devastacion de vastas zonas costeras bajas con penetraciones kilométricas tierra
adentro. Incluso bloques de diametro métrico pueden ser arrastrados hacia el interior a lo largo de grandes distancias.
Erosion importante generalizada de las zonas costeras bajas que producen cambios muy notorios en la geometria de la
linea de costa. La vegetacion litoral (arbustos y arboles) es arrasada y arrastrada hacia el interior.

¢) Sonmuy frecuentes grandes grietas en el terreno con aberturas de varios metros de anchura, principalmente en depo6sitos
aluviales poco compactados y/o suelos saturados. En rocas competentes pueden alcanzar hasta 1 m de anchura. Grietas
muy anchas se desarrollan en caminos pavimentados (asfalto o empedrados), acompaiadas por grandes ondulaciones de
presion. En suelos enlosados y bordillos de aceras pueden desarrollarse estructuras de tipo pop-up de altura centimétrica
y de extension métrica a decamétrica.

d) Grandes deslizamientos y caidas de rocas (> 105 - 106 m3) son frecuentes, independientemente del estado de equilibrio
y pendiente de las laderas, causando lagos de obturacion temporales o permanentes. Las margenes (orillas) de los rios,
terraplenes, taludes y excavaciones artificiales tipicamente colapsan. Terraplenes y represas de tierra pueden incluso
incurrir en serios dafnos. Deslizamientos considerables pueden tener lugar hasta 200-300 kilometros de distancia
epicentral. Grandes deslizamientos submarinos o subacuaticos son frecuentes en zonas costeras y lagos.

e) Los drboles se sacuden violentamente. Muchas ramas se rompen y caen. Incluso drboles enteros pueden desenraizarse
del terreno y caer peligrosamente.

f) Los Procesos de Licuefaccion cambian el aspecto de extensas zonas, aplanando la topografia de llanuras costeras y
llanuras de inundacion fluviales y aluviales, acompaifiadas por procesos de subsidencia generalizados que pueden exceder
varios metros. Los volcanes de arena de gran tamafio son numerosos; grandes y largas grietas debido a extensiones
laterales afectan severamente a las margenes de rios, lagos y canales.

g) En areas secas, se levantan grandes nubes de polvo.

h) Grandes bloques, incluso de varios metros de diametro pueden ser arrojados al aire desplazdindose cientos de
metros, incluso en laderas de poca pendiente, dejando impresiones o huellas caracteristicas en suelos blandos o poco
consolidados.
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XIl - COMPLETAMENTE DEVASTADOR: Efectos Ambientales son el Unico criterio para
determinar la intensidad

(Los efectos Ambientales son ahora la unica herramienta disponible para evaluar la intensidad, los demas criterios para
estimar el nivel de darios se encuentran saturados por el colapso generalizado de todo tipo de construcciones)

Efectos primarios: Dominantes.

Las rupturas de falla se extienden como minimo varios centenares de kilometro, acompariadas por desplazamientos de
hasta decenas demetros. Es patente el desarrollo de grandes fosas tectonicas, depresiones alargadas y lomas de presion.
Las lineas de drenaje pueden desplazarse ostensiblemente. Los cambios en el paisaje y en la geomorfologia inducidos
por estas rupturas primarias pueden alcanzar tamariios y extensiones extraordinarios (ejemplos tipicos son la elevacion
y/o subsidencia de lineas costa de hasta varios metros, la aparicion o desaparicion de la vista de elementos paisajisticos
significativos, los rios cambian de curso, formacion de cascadas, y formacion o desaparicion de lagos).

Efectos secundarios: El drea afectada es generalmente inferior o del orden de 50.000 km2.

a) Los manantiales y fuentes cambian significativamente tanto su caudal como su posicion altimétrica (sobrepresion).
Algunas manantiales y fuentes pueden secarse incluso permanentemente. Las variaciones en el nivel del agua en los
pozos son comunes y significativas. Las propiedades fisico-quimicas de manantiales y/o pozos y, mas cominmente
la temperatura en fuentes termales, sufren fuertes variaciones. El agua de manantiales, rios ¢ incluso grandes lagos a
menudo se vuelve muy fangosa. Las emisiones de gases, normalmente sulfurosos, son comunmente observadas. La
hierba y los arbustos en el entorno de estos puntos de emision pueden arder.

b) Desarrollo de Olas gigantes en lagos y rios que causan importantes inundaciones en las zonas de ribera. En zonas de
llanura de inundacion los cauces de agua pueden sufrir significativos cambios de curso permanentes, e incluso invertirse
el sentido de la corriente, debido a la generalizacion de procesos de subsidencia y desplomes de los margenes. Pueden
aparecer y/o desaparecer lagos de extension significativa. Dependiendo de la topografia de la linea de costa y el fondo
marino, pueden producirse tsunamis de varias decenas de metros de runup provocando la inundacion y devastacion
de vastas zonas costeras bajas con penetraciones de varios kilometros tierra adentro. Grandes bloques pueden ser
arrastrados hacia el interior a lo largo de grandes distancias. Erosion devastadora y generalizada de las zonas costeras
bajas que producen cambios muy notorios en la geometria de la linea de costa. La vegetacion litoral (arbustos y arboles)
es arrasada y arrastrada hacia el interior.

c) Grandes grietas en el terreno con aberturas de varios metros de anchura son muy frecuentes, de hasta mas de 1 metro en el
sustrato rocoso competente, y de hasta mas de 10 metros en depositos aluviales poco compactados y/o suelos saturados,
donde pueden extenderse a lo largo de varios kilometros de longitud. En suelos enlosados y bordillos de aceras pueden
desarrollarse estructuras de tipo pop-up de altura centimétrica y de extension métrica a decamétrica.

d) Grandes deslizamientos y caidas de rocas (> 105 - 106 m3) son frecuentes, independientemente del estado de equilibrio y
pendiente de las laderas, causando muchos lagos de obturacion temporales o permanentes. Las margenes (orillas) de los
rios, terraplenes, taludes y excavaciones artificiales tipicamente colapsan. Terraplenes y represas de tierra pueden incluso
incurrir en serios dafios. Deslizamientos considerables pueden tener lugar en hasta 200-300 kilémetros de distancia
epicentral. Grandes deslizamientos submarinos o subacuaticos son frecuentes en zonas costeras y lagos.

e) Losarboles se sacuden violentamente. Muchas ramas se rompen y caen. Incluso arboles enteros pueden desenraizarse del
terreno y caer peligrosamente.

f) Los Procesos de Licuefaccion cambian el aspecto de extensas zonas, aplanando la topografia de llanuras costeras y
llanuras de inundacion fluviales y aluviales, acompaifiadas por procesos de subsidencia generalizados que pueden exceder
varios metros. Los volcanes de arena de gran tamafio son muy numerosos; grandes y largas grietas debido a extensiones
laterales afectan severamente a las margenes de rios, lagos y canales.

g) En areas secas, se levantan grandes nubes de polvo.

h) Bloques de grandes dimensiones pueden ser arrojados al aire desplazandose cientos de metros, incluso en laderas de
poca pendiente, dejando impresiones o huellas caracteristicas en suelos blandos o poco consolidados.
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2.4. - L’échelle d’Intensité Sismique Environmentale - ESI 2007 (French)

Introduction

L’intensit¢ du tremblement de terre est
estimée a partir des effets causés par le séisme
sur ’homme, sur les structures (batiments et
infrastructures) et sur 1’environnement naturel
(effets environnementaux ou géologiques).
Cette intensité est une mesure de la gravité¢ du
tremblement de terre, intégrant les effets sur
toute la gamme des fréquences du mouvement
vibratoire ainsi que les déformations statiques.

Plusieurs ¢échelles d’intensité (par
exemple Rossi - Forel, Mercalli, MCS, MSK,
Mercalli Modifiée) considérent les effets sur
I’environnement naturel comme des éléments de
diagnostic pour I’évaluation du degré d’intensité.

En revanche, certaines échelles plus modernes
(par exemple EspiNnosa et alii, 1976a; 1976b;
GRUNTHAL, 1998) ne considerent que les effets
sur ’homme et sur les structures artificielles et
anthropiques, et réduisent fortement la pertinence
du diagnostic des effets environnementaux, sur
la base de I’hypothése que ces effets sont trop
variables et aléatoires. Néanmoins, des études
récentes (par exemple DENGLER & MCPHERSON,
1993; SErRvA, 1994; Dowrick, 1996; EsposiTo et
alii, 1997; Hancox et alii, 2002 ; MicherTi et alii,
2004) ont clairement fourni la preuve que les

TransLaTED: BAIZE S. (1)

effets géologiques des tremblements de terre, qui
sont aujourd’hui largement accessibles a partir de
sources historiques et de la paléosismologie, sont
une information essentielle pour 1’évaluation
de la « taille » des séismes, et en particulier de
I’intensité.

Dans le but de formaliser ces constats,

I’échelle ESI 2007 a été construite uniquement
a partir des effets sur I’environnement (MICHETTI
et alii, 2007). Son utilisation, seule ou combinée
a d’autres échelles traditionnelles, donne une
meilleure image du scénario du tremblement
de terre, car seuls les effets environnementaux
permettent une comparaison appropriée de
I’intensité, a la fois:
* Dans le temps: les effets sur
I’environnement naturel sont comparables
sur une fenétre de temps beaucoup plus
grande (couvrant les événements sismiques
récents, historiques et préhistoriques) que
la période d’enregistrement instrumental
(siecle dernier);

* Dans des zones géographiques différentes: les
effets environnementaux ne dépendent pas des
conditions socio- économiques ou de différentes
pratiques de construction.

(1) Institut de Radioprotection et de Streté Nucléaire, BP 17, 92262 Fontenay-aux-Roses, France
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Ainsi, la nouvelle échelle vise a compléter les
¢chelles macrosismiques traditionnelles:

* Pour les degrés d’intensité supérieurs ou
égal a X, lorsque les évaluations sur la base
des dommages aux structures anthropiques
sont extrémement difficiles, les effets sur
I’environnement sont encore pertinents pour
¢tablir un diagnostic;

» Dans les zones peu peuplées, ou les effets sur
les structures artificielles font défaut, 1’évaluation
de l’intensité¢ doit &tre fondée sur les effets

environnementaux qui sont les seuls éléments de
diagnostic disponibles.

La définition des degrés d’intensité est le résultat
d’un inventaire effectué par un Groupe de Travail
International formé de géologues, de sismologues
et d’ingénieurs qui se sont penchés sur les effets
causés par un grand nombre de séismes a travers
le monde. L’échelle ESI 2007 a été ratifiée par
I’INQUA (Union Internationale pour 1’étude du
Quaternaire) en 2007, lors du XVII®*™ Congres
INQUA a Cairns, en Australie.

Description

L’échelle d’intensité ESI 2007 est structurée en douze degrés. L’intitulé de chaque degré refléte la
sévérité du tremblement de terre et de ses effets sur ’environnement. Dans la description qui suit, les
caractéristiques et la dimension des effets primaires associés a chaque degré sont tout d’abord présentés.
Ensuite, les effets secondaires sont décrits en termes de surface totale de distribution pour I’évaluation
de I'intensité épicentrale. Ces effets sont regroupés en plusieurs catégories et sont classés par ordre
d’apparition.

Le texte en italique a été utilisé pour mettre en évidence les descriptions considérées comme
diagnostiques d’un degré donné.

Les effets primaires sont directement liés a 1’énergie du tremblement de terre et notamment
a I’expression en surface de la source sismogénique. La taille des effets primaires est généralement
exprimée par deux parameétres : 1) La longueur totale de la rupture de faille en surface et i1) le déplacement
maximal. Leur occurrence est le plus souvent associée a une valeur d’intensité minimum de VIII, sauf en
cas de séismes tres peu profonds dans les zones volcaniques. L’ampleur de la déformation tectonique en
surface par soulévement ou subsidence est également prise en compte.

Les effets secondaires sont les phénomeénes induits par la secousse et sont classés en huit catégories
principales.

a) Les anomalies hydrologiques : Dans cette catégorie, sont présentés les changements de débit des
sources et des rivieres, ainsi que les changements des propriétés physico-chimiques des eaux de
surface et des eaux souterraines (par exemple température, turbidité). Ces effets sont diagnostiques
des degrés d’intensité IV a X.

b) Les vagues anormales et tsunamis : Dans cette catégorie, sont inclus les seiches dans les bassins
fermés, les débordements de I’eau des piscines et des bassins, et les vagues de tsunami. Dans le
cas des tsunamis, plus que la taille de la vague elle-méme, ce sont les effets sur les rives (surtout
run-up, érosion des plages, changement de la morphologie du littoral) qui sont considérés comme
diagnostiques de I’intensité subie, sans pour autant négliger celles sur les populations et les structures
artificielles. Des effets peuvent se produire dés I’intensité IV, mais sont plus diagnostiques des degrés
de IX a XII.

c) Les fissures et fractures dans les sols : Elles sont décrites par leur longueur (de quelques centimetres
a quelques centaines de metres), leur largeur (du millimeétre au meétre), leur densité en surface. Les
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fissures apparaissent dés I’intensité IV et elles saturent (leur taille n’augmente plus) a partir de
I’intensité X.

d) Les mouvements de pente : Cette catégorie inclut toutes les typologies de glissements de terrain,
y compris les chutes de pierres, les glissements et les coulées de boue. A contexte lithologique et
morphologique (relief) similaire, les parameétres de diagnostic sont le volume et la superficie totale.
Ils se présentent des I’intensité IV et saturent (leur taille n’augmente plus) a partir de I’intensité X.

e) Le tremblement des arbres: Ces effets sont diagnostiques du degré IV au degré X. La définition des
degrés d’intensité suit essentiellement celle fournie par Dengler et McPherson (1993).

f) Les liquéfactions: Dans cette catégorie, sont inclus les volcans de sable, les fontaines de sable et
d’eau, certains types d’étalements latéraux, le compactage du sol et la subsidence. Leur taille est
diagnostique pour les degrés d’intensité de V a X.

g) Les nuages de poussiére : On peut les observer dans les zones arides et désertiques, a partir du degré
d’intensité VIII.

h) Les sauts de pierres : La taille maximale des pierres en question est diagnostique pour I’évaluation
de I’intensité. Ces effets peuvent étre observés entre les degrés d’intensité IX et XII. Ces phénomeénes
montrent que 1’accélération du sol est supérieure a la gravitation, ce qui peut se produire localement
a partir de I’intensité I1X.

Les effets sur ’environnement peuvent étre observés et caractérisés a partir de ’intensité I'V. Certains
types d’effets (ex. anomalies hydrologiques) peuvent cependant étre observés a des degrés inférieurs,
mais ils ne peuvent alors pas étre considérés comme des ¢éléments diagnostiques. La précision de
I’évaluation est améliorée vers les hauts degrés de 1’échelle, en particulier dans la gamme ou surviennent
les effets primaires a partir de I’intensité VIII jusqu’a I’intensité XII. A partir de I’intensité X, les effets
sur I’homme et les structures artificielles saturent (i.e. les batiments sont souvent déja complétement
détruits) et il n’est donc pas possible de faire la distinction entre les différents degrés d’intensité. Dans
cette gamme, les effets environnementaux sont dominants et ils constituent donc I’outil le plus puissant
pour I’évaluation de I’intensité.

Comment utiliser I’échelle d’intensité ESI 2007 ?

Il est recommandé¢ d’utiliser I’échelle d’intensité ESI comme un outil indépendant lorsque seuls les
effets sur I’environnement sont diagnostiques, notamment lorsque les effets sur I’homme et les structures
artificielles sont trop rares ou saturent. Lorsque ceux-ci sont également disponibles, il est possible
d’estimer I’intensité selon les deux approches indépendantes. En général, I’intensité finale retenue sera
la valeur la plus élevée des deux. Evidemment, dans ce cas, un jugement d’expert sera essentiel.

L’intensité épicentrale (1)) est la valeur d’intensité¢ de la secousse a ’épicentre. Les parametres de
la rupture de faille en surface et I’extension totale des effets secondaires (glissements de terrain et/ou
liquefactions) sont des outils indépendants pour évaluer I sur la base des effets sur I’environnement, a
partir de I’intensité VII (tab. 2.1).

Une attention particuliére doit €tre portée lorsque les parametres de la faille de surface sont a la
frontiére entre deux degrés différents. Dans ce cas, il doit étre choisi la valeur d’intensité la plus cohérente
avec les caractéristiques et la distribution spatiale des effets secondaires. En outre, dans I’évaluation de
la surface totale des effets, il est recommandé¢ de ne pas inclure les effets isolés qui ont pu avoir lieu en
champ lointain. Cette évaluation requiert ¢galement un avis d’expert.
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Tab. 2.1 - Gamme de valeur des parameétres de failles de surface (effets primaires) et extension superficielle typique des
effets secondaires pour chaque degré d’intensité.

EFFETS PRIMAIRES EFFETS SECONDAIRES
Iy DEPLACEMENT
LONGUEUR DE RUPTURE DE MAXIMAL DE
SURFACE SURFACE / PUIRE O 2
DEFORMATION
v - - -
V - - -
VI - - -
Wil (*) *) 10 km?
VIl Plusieurs centaines de Centimétrique 100 km?
metres
IX 1- 10 km 5-40cm 1000 km?
X 10 - 60 km 40 - 300 cm 5000 km?
Xl 60 — 150 km 300 =700 cm 10000 km?
XIl > 150 km > 700 cm > 50000 km?

(*) Ruptures de failles limitées en extension a la surface, de quelques dizaines a centaines de métres de long, avec des déplacements de
surface centimétriques essentiellement associés aux séismes superficiels des zones volcaniques.

L’intensité locale est essentiellement évaluée par la description des effets secondaires survenus en
différents «sites» inclus dans une localité spécifique. Ce type d’intensité doit Etre comparable a I’intensité
localement estimée a partir des dommages. 11 faut noter que le terme “localité” peut se référer a une zone
habitée (un village, une ville), mais aussi a un espace naturel sans installation anthropique. Lorsque les
effets primaires sont présents seuls, il est également possible d’utiliser la dimension locale des ruptures
de faille de surface, en termes de déplacement maximal.

Définition des degrés d’intensité
Degrées 1 alll-Iln’y apas d’effets environnementaux qui puissent étre considérés comme diagnostiques.
Degré IV — Largement observé / Les premiers effets sur I’environnement sont sans equivoque

Les effets primaires sont absents.

Les effets secondaires

a) De rares petites variations du niveau d’eau dans les puits et/ou de débit des sources sont enregistrées localement, ainsi
que de trés rares petites variations des propriétés physico-chimiques de I’eau et de la turbidité dans les sources et les
puits, en particulier dans les grands systémes de sources karstiques, qui semblent étre les plus sensibles a ce phénomene.

b) Dans les bassins fermés (lacs, mers), des seiches d’une hauteur inférieure a quelques centimeétres peuvent se développer,
couramment observées par les marégraphes, exceptionnellement a 1’ceil nu, et généralement a grande distance des forts
séismes. Des vagues anormales sont pergues par toutes les personnes sur de petits bateaux, une minorité de gens sur de
plus grands bateaux, ou par la plupart des gens sur la cote. Les eaux des piscines oscillent et peuvent parfois déborder.

c) Des fissures étroites (largeur millimétrique) peuvent étre observées ou la lithologie (par exemple les dépots alluviaux
meubles, les sols saturés) et/ou la morphologie (pentes ou des crétes) sont les plus favorables a ce phénomeéne.

d) Exceptionnellement, des chutes de pierre, petits glissements de terrain peuvent étre réactivés, le long des pentes fortes ou
I’équilibre est déja pres de 1’état limite, par exemple sur des pentes fortes avec des sols meubles et généralement saturés.
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Les branches des arbres sont faiblement secouées.

Degre V — Fort / Les effets sur I’environnement sont marginaux

Les effets primaires sont absents.

Les effets secondaires

a)

b)

©)

d)

Les rares variations du niveau d’eau dans les puits et/ou de débit des sources sont enregistrées localement, ainsi que de
petites variations des propriétés physico-chimiques de I’eau et de la turbidité dans les lacs, les sources et les puits.

Dans les bassins fermés (lacs, mers), des seiches de hauteur décimétrique peuvent se développer, parfois méme observées
a ’ceil nu, généralement loin de forts séismes. Les vagues anormales, atteignant jusqu’a plusieurs dizaines de cm de
hauteur, sont pergues par toutes les personnes sur les bateaux et sur la cote. L’eau dans les piscines déborde.

D’étroites fissures (de quelques millimétres a centimétres de large et jusqu’a un métre de long) sont localement observées
ou la lithologie (par exemple, les dépots alluviaux meubles, les sols saturés) et/ou la morphologie (pentes ou crétes) sont
les plus favorables.

De rares petites chutes de pierres, des glissements de terrain rotationnels et des coulées de boue peuvent avoir lieu, le
long de pentes raides (mais pas seulement) ou 1’équilibre est proche de 1’état limite, essentiellement au sein de dépots
meubles et sols saturés. Des glissements de terrain sous-aquatiques peuvent étre déclenchés, ce qui peut induire de petites
vagues anormales dans les zones cotiéres de mer et de lacs.

Les branches des arbres et de buissons sont 1égérement secouées ; de trés rares cas de branches mortes et de fruits mars
tombés.

Les cas rapportés de liquéfaction sont extrémement rares (volcans de sable), quoiqu’il en soit de petites tailles et dans les
zones les favorables (dépots alluviaux et cotiers récents, trés sensibles a ce phénomeéne, proches de la nappe phréatique).

Degre VI — Légérement dommageable / Les effets sur I’environnement sont modestes

Les effets primaires sont absents.

Les effets secondaires:

a)

b)

c)

Des variations importantes du niveau de 1’eau dans les puits et/ou de débit de sources sont enregistrées localement, ainsi
que de petites variations des propriétés physico-chimiques de I’eau et de la turbidité dans les lacs, sources et puits.

Des vagues anormales de hauteur allant jusqu’a plusieurs dizaines de cm inondent des zones littorales trés limitées. L’eau
des piscines, des petits étangs et des bassins débordent.

A Doccasion, des fractures de largeur millimétrique a centimétrique et de longueur pluri-métrique sont observées dans
les dépots alluviaux meubles et/ou les sols saturés ; le long des pentes raides ou des berges, ces fractures peuvent étre
larges de 1-2 cm. Quelques petites fissures se développent sur les routes pavées (qu’elles soient d’asphalte ou de pierre).

d) Des chutes de pierres et glissements de terrain dont les volumes atteignent environ 10° m?® peuvent avoir lieu, en particulier

lorsque 1’équilibre est proche de 1’état limite, par exemple sur des pentes ou des incisions raides avec un sol saturé
meuble, ou aux dépens de roches fortement altérées/fracturées. Des glissements de terrain sous-aquatiques peuvent étre
déclenchés, provoquant de petites vagues anormales dans les zones cotieres des mers et des lacs, fréquemment observées
par les enregistrements instrumentaux.

Les arbres et les buissons sont modérément a fortement secoués ; un faible nombre de cimes d’arbres et de branches
instables mortes peuvent se briser et tomber, dépendant des espéces, de la quantité de fruits et de I’état de santé de
["arbre.

De rares cas de liquéfaction sont rapportés (volcans de sable), de petites tailles et dans les zones les plus favorables
(depots alluviaux et cotiers récents, trés sensibles a ce phénomene, a proximité de la nappe phréatique).
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Degre VII — Dommageable / Effets sensibles sur I’environnement

Des effets primaires sont trés rarement observés, presque exclusivement dans les régions volcaniques. Des ruptures de surface
limitées a quelques dizaines a centaines de métres de long, avec des rejets centimétriques, peuvent se produire, surtout
associées a des séismes trés superficiels.

Effets secondaires : La surface totale de 1’aire affectée est de I’ordre de la dizaine de 10 km?.

a) D’importantes variations temporaires du niveau d’eau dans les puits et/ou du débit des sources sont localement
enregistrées. Plus rarement, de petites sources peuvent temporairement s’assécher ou apparaitre. De faibles variations
des propriétés physico-chimiques de I’cau et de la turbidité dans les lacs, puits ou sources sont localement observées.

b) Des vagues anomaliques parfois plus haute que le métre peuvent inonder des zones cotiéres limitées et endommager ou
déplacer des objets de tailles variables. L’eau déborde des petits bassins et des cours d’eau.

C) Des fractures jusqu’a 5-10 cm de large et jusqu’a une centaine de métres de long sont observées, généralement dans des
dépots alluviaux meubles et/ou des sols saturés ; plus rarement, les fractures se développent dans des sols sableux secs,
des sols argilo-sableux ou argileux, jusqu’a 1 cm de large. Des fissures de largeur centimétrique sont communes sur les
routes pavées (qu elles soient en pierre ou en asphalte).

d) Des glissements de terrain épars ont lieu dans les zones sujettes a ce phénoméne, 1a ou 1I’équilibre est instable (pentes
raides dans des sols meubles/saturés), tandis que de modestes chutes de pierre sont communes dans les gorges et le
long des falaises. Leur taille peut étre importante (10* - 105 m?), jusqu’a 100 m* usuellement dans les sols secs sableux,
sablo-argileux ou argileux. Des fractures, glissements et écroulements peuvent affecter les berges de riviére, les digues
et excavations artificielles (e.g. bords de routes, carriéres) dans les sédiments meubles ou les roches altérées/fracturées.
D’importants glissements sous-aquatiques peuvent étre déclenchés, provoquant des vagues anomaliques dans les zones
cotiéres des mers ou lacs, directement senties par les personnes sur les bateaux ou dans les ports.

e) Les arbres et buissons sont secoués vigoureusement, particuliérement dans les foréts denses, et de nombreuses branches
et cimes d’arbres rompent et tombent.

f) De rares cas de liquéfaction sont rapportés, avec des volcans de sable jusqu’a 50 cm de diamétre, dans les zones les
plus sujettes a ce phénomene (dépaits hautement susceptibles, d’origine alluviale ou cétiere, d’age récent et proches de
la nappe phréatique).

Degre V111 — Fortement dommageable / Vastes effets sur I’environnement
Des effets primaires sont rarement observés.

Des ruptures de failles en surface peuvent se développer, jusqu’a plusieurs centaines de meétres de longueur, avec des rejets
ne dépassant pas quelques centimeétres, particulierement pour les séismes a foyers tres superficiels comme ceux communs
dans les régions volcaniques. Une subsidence ou un souléevement tectonique de la surface du sol peut se produire, avec des
valeurs maximales de I’ordre de quelques centimétres.

Effets secondaires : La surface totale affectée est de I’ordre de 100 km?.

a) Les sources peuvent changer, généralement temporairement, de débit et/ou d’altitude d’affleurement. Quelques petites
sources peuvent méme s’assécher. Des variations du niveau d’eau sont observées dans les puits. De faibles variations des
propriétés physico-chimiques des eaux, le plus souvent la température, peuvent étre observées dans les sources et/ou les
puits. La turbidité de I’eau peut apparaitre dans les bassins clos, les riviéres, les puits ou les sources. Des émissions de
gaz, souvent sulfureux, sont localement observées.

b) Des vagues anomaliques jusqu’a 1-2 métres de hauteur inondent les zones coticres et peuvent endommager ou déplacer
des objets de taille variable. L’érosion et le dépdt de déchets sont observés le long des plages, ou des buissons ou méme
des arbres faiblement enracinés peuvent étre arrachés et emportés a la dérive. L’eau déborde violemment des petits
bassins et des cours d’eau.

C) Des fractures jusqu’a 50 cm de large et plusieurs centaines de métres de long sont observées généralement dans des
dépots meubles alluviaux et/ou sols saturés ; dans de rares cas, des fractures atteignant jusqu’a 1 cm de large peuvent
étre observées dans les roches séches et compétentes. Des fissures décimétriques sont communes sur les routes pavées
(qu ’elles soient en asphalte ou en pierre), tout comme de petites ondulations de pression.
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Des glissements de terrain de taille petite a modérée (10° - 10° m?) sont largement répandus dans les zones propices ; ils se
produisent rarement le long des pentes faibles ; 1a ou 1’équilibre est instable (pentes raides dans des sols meubles/saturés
; gorges abruptes ; falaises cotieres), leur taille est parfois grande (10° - 10° m?). Les glissements de terrain peuvent
occasionnellement barrer d’étroites vallées, créant des lacs temporaires ou méme permanents. Des ruptures, glissements
et écroulements affectent les berges des riviéres, les digues et les excavations artificielles (e.g. bords de routes, carriéres)
dans des sédiments meubles ou des roches altérées/fracturées. Les glissements de terrain sont fréquents sous le niveau de
la mer en zone coticre.

Les arbres sont vigoureusement secoués ; les branches peuvent casser et tomber ; certains arbres peuvent étre déracinés,
le long des pentes raides.

La liguéfaction peut étre fréquente en zone épicentrale, en fonction des conditions locales ; des volcans de sable jusqu’a
environ 1 m de diamétre apparaissent ; des fontaines d’eau apparaissent dans les eaux calmes, de méme que des
étalements latéraux et des tassements (subsidence jusqu’a environ 30 cm), avec fissuration paralléle a la ligne de rivage
(berges de riviere, de lacs, de canaux, littoral marin).

Dans les zones arides, des nuages de poussiere peuvent s élever du sol en zone épicentrale.

Des pierres et méme des petits blocs, ainsi que des troncs d’arbre peuvent étre projetés en 1’air, laissant des empreintes
typiques dans les sols mous.

Degre IX — Destructif / Les effets dans I’environnement sont une source de danger considerable
et deviennent importants pour I’évaluation de I’intensité

Les effets primaires sont couramment observés.

Les ruptures de faille en surface se développent, jusqu’a quelques km de long, avec des rejets généralement de I’ordre de

plusieurs cm. La subsidence ou le soulévement tectonique de la surface du sol peuvent survenir, avec des valeurs maximales
de I’ordre de quelques décimétres.

Effets secondaires : L aire totale affectée est de [’ordre de 1000 km?>.

a)

b)

c)

d)

Les sources peuvent changer, généralement temporairement mais de fagon considérable, de débit et/ou de position.
Quelques sources de taille modeste peuvent méme s’assécher. Des variations temporaires du niveau d’eau sont
couramment observées dans les puits. La température de [’eau change fréquemment dans les puits et/ou les sources. La
turbidité de [’eau apparait aussi communément dans les bassins clos, les rivieres, les puits et les sources. Des émissions
de gaz, souvent sulfureux, sont observées, et les herbes et buissons au voisinage de ces émissions peuvent briiler.

les rivieres peuvent changer de cours, a cause d affaissements du sol. De petits bassins peuvent apparaitre ou peuvent se
vider. En fonction de la bathymétrie et de la forme du trait de cote, de dangereuses vagues de tsunami peuvent atteindre
le littoral avec des runups jusqu’a plusieurs métres, inondant de larges surfaces. Une érosion et un déversement de
déchéts se produisent de maniere généralisée le long des plages, ou buissons et arbres peuvent étre arrachés et emportés
a la dérive.

Des fractures jusqu’a 1 m de largeur et plusieurs centaines de métres de long sont généralement observées dans les
dépots alluviaux meubles et/ou les sols saturés ; dans les roches compétentes, elles peuvent atteindre jusqu’a 10 cm
de large. D importantes fissures sont communes sur les routes pavées (asphaltées ou en pierre), tout comme de petites
ondulations de pression.

Les glissements de terrain sont trés développés dans les zones favorables, également le long des pentes faibles ; la ou
I’équilibre est instable (pentes raides dans des sols meubles/saturés ; gorges abruptes ; falaises cotieres), leur taille est
fréquemment grande (10° M%), parfois trés grande (10° m?). Les glissements de terrain peuvent barrer d’étroites vallées,
provoquant la formation de lacs temporaires ou méme permanents. Les berges, digues et excavations artificielles (e.g.,
bords de route, carrieres) s effondrent fréquemment. Les grands glissements sont fréquents sous le niveau de la mer des
zones cotieres.

Les arbres sont secoués vigoureusement ; branches et minces troncs d’arbre rompent et tombent fréquemment. Quelques
arbres pourraient étre déracinés et tomber, particuliérement le long des pentes raides.

La liquéfaction et I’expulsion d’eau souterraine sont fréquentes ; les volcans de sable atteignent jusqu’a 3 m de diamétre;
des fontaines d’eau apparaissent dans les eaux calmes, de méme que de fréquents étalements latéraux et tassements
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(subsidence de plus d’environ 30 cm), avec fissuration parallele a la ligne de rivage (berges de riviere, de lacs, de
canaux, littoral marin).

g) Dans les zones arides, des nuages de poussiére s’élévent communément du sol.

h) Des petits blocs et des troncs d’arbre peuvent étre projetés en [ air et déplacés de quelques métres, en fonction de la pente
locale et de leur arrondi, laissant des empreintes typiques dans les sols mous.

Degré X — Tres destructif / Les effets sur I’environnement deviennent une source prépondérante
de danger et sont critiques pour I’évaluation de I’intensité

Effets primaires : ils deviennent prépondérants.
Les ruptures de failles en surface peuvent s’étendre sur des dizaines de km, avec des rejets de quelques dizaines de
cm a quelques metres. Des fossés et des dépressions allongées se développent. Pour les séismes trés superficiels en zone

volcanique, les longueurs de rupture peuvent étre beaucoup plus faibles. Une subsidence ou un souléevement tectonique de la
surface du sol peut se produire, avec des valeurs maximales de [’ordre de quelques métres.

Effets secondaires: L aire totale affectée est de I’ordre de 5000 km?

a) De nombreuses sources changent significativement de débit et/ou d’altitude d’affleurement. Quelques sources peuvent
s’assécher, parfois de maniére permanente. Des variations temporaires du niveau d’eau sont couramment observées dans
les puits. Des variations parfois fortes des propriétés physico-chimiques des eaux, le plus souvent la température, sont
observées dans les puits et/ou les sources. Les eaux deviennent fréquemment boueuses méme dans les grands bassins,
riviéres, puits et sources. Des émissions de gaz, souvent sulfureux, sont observées, et les herbes et buissons au voisinage
de ces émissions peuvent briiler.

b) Des vagues de hauteur métrique se développent, y compris dans les grands lacs et rivieres, qui débordent de leurs lits.
Dans les plaines d’inondation, les rivieres peuvent changer de cours, temporairement ou méme définitivement, en raison
de la subsidence généralisée de la surface. Des bassins peuvent apparaitre ou disparaitre. En fonction de la bathymétrie
et de la forme du trait de cote, des vagues de tsunami peuvent atteindre le littoral avec des runups dépassant 5 métres,
inondant de larges surfaces planes, jusqu’a plusieurs km vers [’intérieur des terres. Des petits blocs peuvent étre trainés
sur plusieurs metres. Une érosion profonde et généralisée est observée le long du littoral, avec des changements notables
du profil littoral. Les arbres cotiers sont arrachés et emportés a la dérive.

C) Des fractures ouvertes jusqu’a plus de 1 m en largeur et jusqu’a une centaine de métres en longueur sont fréquentes,
principalement dans les dépots alluviaux meubles et/ou les sols saturés ; dans les roches compétentes, 'ouverture atteint
plusieurs dm de large. De larges fissures se développent sur les routes pavées (asphaltées ou en pierre), tout comme de
petites ondulations de pression.

d) De grands glissements de terrain et chutes de blocs (> 10° - 10°m?) sont firéquents, quasiment indépendamment de [’état
d’équilibre des pentes, provoquant des lacs de barrage temporaires ou permanents. Les berges, digues artificielles et
bords de carriere s effondrent. Les grands glissements sont fréquents sous le niveau de la mer des zones cotieres.

e) Les arbres sont secoués vigoureusement ; beaucoup de branches et troncs d’arbre rompent et tombent. Des arbres
pourraient étre déracinés et tomber.

f) Laliquéfaction, avec expulsion d’eau et compaction des sols, peuvent changer le paysage de larges zones géographiques;
des volcans de sable parfois plus larges que 6 m de diamétre sont communs, ainsi que de la subsidence supérieure a 1
m, de larges et longues fissures dues a des étalements latéraux.

g) Dans les zones arides, des nuages de poussiére s’élévent du sol.

h) Des blocs (diamétre au-dela de 2-3 métres) peuvent étre projetés en ['air et déplacés de centaines de métres, méme sur
des pentes faibles, laissant des empreintes typiques dans les sols.
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Degreé X1 — Dévastateur / Les effets sur I’environnement deviennent décisifs pour I’évaluation de
I’intensité, du fait de la saturation des dommages aux structures

Effets primaires : ils sont dominants.

Les ruptures de failles en surface s’ étendent de plusieurs dizaines a plus d’une centaine de km, accompagnées de rejets
atteignant plusieurs metres. Des fossés, dépressions allongées et des rides de pression se développent. Les axes de drainage
peuvent étre sérieusement déplacés. Subsidence ou soulévement tectonique de la surface du sol peuvent se produire, avec des
valeurs maximales de |’ordre de nombreux métres.

Effets secondaires. L aire totale affectée est de [’ordre de 10 000 km?.

a) De nombreuses sources changent significativement de débit et/ou d’altitude d’affleurement. Beaucoup de sources
peuvent s’assécher, parfois de mani¢re permanente. Des variations temporaires ou permanente du niveau d’eau sont
généralement observées dans les puits. Des variations parfois fortes des propriétés physico-chimiques des eaux, le plus
souvent la température, sont observées dans les puits et/ou les sources. Les eaux deviennent souvent boueuses méme
dans les grands bassins, rivieres, puits et sources. Des émissions de gaz, souvent sulfureux, sont observées, et les herbes
et buissons au voisinage de ces émissions peuvent briler.

b) De grandes vagues se développent dans les grands lacs et rivieres, qui débordent de leurs lits. Dans les plaines
d’inondation, les rivieres peuvent changer de cours, temporairement et méme définitivement, en raison de la subsidence
généralisée de la surface et des glissements de terrain. Des bassins peuvent apparaitre ou disparaitre. En fonction de la
bathymeétrie et de la forme du trait de cote, des vagues de tsunami peuvent atteindre le littoral avec des runups jusqu’a
15 metres ou plus, dévastant de larges surfaces planes sur des kilométres vers l’intérieur des terres. Des blocs métriques
peuvent étre trainés sur de longues distances. Une érosion profonde et généralisée est observée le long du littoral, avec
des changements notables de la morphologie cotiere. Les arbres cotiers sont arrachés et emportés a la dérive.

c) Des fissures ouvertes jusqu’a plusieurs metres de largeur sont trés fréquentes, principalement dans les dépots alluviaux
meubles et/ou les sols saturés. Dans les roches compétentes, elles peuvent atteindre 1 métre de large. De tres larges
fissures se développent sur les routes pavées (asphaltées ou en pierre), tout comme de grandes ondulations de pression.

d) De grands glissements de terrain et chutes de blocs (> 10° - 10°m°) sont fiéquents, quasiment indépendamment de [’état
d’équilibre des pentes, provoquant de nombreux lacs de barrage temporaires ou permanents. Les berges des rivieres,
les digues et bords d’excavations artificielles s effondrent. Les levées et barrages de terre sont exposés a de sérieux
dommages. D importants glissements de terrain peuvent se produire a des distances de 200 a 300 km de 1’épicentre. Les
grands glissements sont fréquents sous le niveau de la mer des zones cotieres.

e) Les arbres sont secoués vigoureusement ; beaucoup de branches et troncs d’arbre cassent et tombent. Beaucoup d’arbres
sont déracinés et tombent.

f) La liquéfaction change [’aspect de vastes zones basses, causant une subsidence verticale qui peut dépasser plusieurs
meétres, de nombreux et grands volcans de sable, ainsi que de séveres figures d’étalement latéral.

g) Dans les zones arides, des nuages de poussiére s’¢lévent du sol.

h)  De gros blocs (diamétre de plusieurs métres) peuvent étre projetés en l'air et déplacés sur de grandes distances, méme
sur des pentes faibles, laissant des empreintes typiques dans les sols.

Degreé XII — Entierement dévastatateur / Les effets sur I’environnement sont le seul moyen pour
évaluer I’intensité

Effets primaires: ils sont dominants.

La rupture de faille en surface est au moins de plusieurs centaines de km, accompagnées de rejets atteignant plusieurs
dizaines de métres. Des fossés, dépressions allongées et des rides de pression se développent. Les axes de drainage peuvent
étre sérieusement déplacés. Le paysage et les changements géomorphologiques induits par les effets primaires peuvent étre
considérables en extension et en amplitude (typiquement, par exemple : soulévement ou subsidence de plusieurs metres de
la ligne de rivage, apparition ou disparition d’éléments du paysage, changements de cours des riviéres, création de cascades,
formation ou disparition de lacs).
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Effets secondaires L ’aire totale affectée est de [’ordre de 50.000 km? ou plus.

a)

b)

©)

d)

2)
h)

De nombreuses sources changent significativement de débit et/ou d’altitude d’affleurement. Beaucoup de sources et de
puits peuvent s’assécher, parfois de maniére permanente. Des variations fortes des propriétés physico-chimiques des
caux, le plus souvent la température, sont observées dans les puits et/ou les sources. Les eaux deviennent trés boucuses
méme dans les grands bassins, riviéres, puits et sources. Des émissions de gaz, souvent sulfureux, sont observées, et les
herbes et buissons au voisinage de ces émissions peuvent briiler.

Des vagues géantes se développent dans les lacs et rivieres, qui débordent de leurs lits. Dans les plaines d’inondation,
les rivieres peuvent changer de cours, et méme leur direction d’écoulement, de fagon temporaire ou méme permanente,
en raison de la subsidence généralisée de la surface et de glissements de terrain. De grands bassins peuvent apparaitre
ou disparaitre. En fonction de la bathymétrie et de la forme du trait de cote, des vagues de tsunami peuvent atteindre
le littoral avec des runups de plusieurs dizaines de meétres, dévastant de larges surfaces planes sur de nombreux
kilometres vers l'intérieur des terres. De gros blocs peuvent étre trainés sur de longues distances. Une érosion profonde
et généralisée est observée le long du littoral, avec des changements remarquables de la morphologie cétiére. Beaucoup
d’arbres cotiers sont arrachés et emportés a la dérive. Tous les bateaux sont arrachés de leur amarrage et emportés au
large ou charriés sur terre sur de longues distances. Toutes les personnes sont emportées.

Les fissures ouvertes sont trés fréquentes et larges jusqu’a un métre ou plus dans le rocher, et jusqu’a 10 métres dans les
sédiments meubles et/ou les sols saturés. Elles peuvent s’étendre sur plusieurs km de long.

De grands glissements de terrain et chutes de blocs (> 10° - 10° m°) sont fréquents, quasiment indépendamment de [’état
d’équilibre des pentes, provoquant de nombreux lacs de barrage temporaires ou permanents. Les berges de riviéres,
digues artificielles et bordures d’excavations s effondrent. Les levées et barrages de terre s’exposent a de sérieux
dommages. D importants glissements de terrain peuvent se produire a des distances de 200 a 300 km de [’épicentre. Les
grands glissements sont fréquents sous le niveau de la mer des zones catieres.

Les arbres sont secoués vigourecusement ; beaucoup de branches et troncs d’arbre cassent et tombent. Beaucoup d’arbres
sont déracinés et tombent.

La liquéfaction se produit sur de larges zones et change la morphologie de vastes zones plates, causant une subsidence
verticale dépassant plusieurs métres, de grands volcans de sable généralisés, ainsi que de séveres étalement latéraux sur
de larges étendues.

Dans les zones arides, des nuages de poussicre s’¢lévent du sol.

De trés gros blocs peuvent étre projetés en 1’air et déplacés sur de grandes distances, méme sur des pentes faibles, laissant
des empreintes typiques dans les sols.
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2.5. ESI 2007 Intensitatsskala (German)

TransLaTED: GRUTZNER C. (1), REICHERTER K. (1)

Einflihrung

Die Intensitit von Erdbeben wird anhand der
Auswirkungen bestimmt, die ein seismisches
Ereignis auf den Menschen, auf Gebidude und
Infrastruktur sowie auf die natiirliche Umgebung
hat. Diese Intensititistein Mal der Zerstorungskraft
eines Bebens und beriicksichtigt neben den durch
die seismischen Erschiitterungen hervorgerufenen
Effekten in allen Frequenzbereichen auch solche
Erscheinungen, die durch statische Deformationen
hervorgerufen werden.

Alle Intensititsskalen (Rossi-Forel, Mercalli,
MCS, MSK, Mercalli Modified) nutzen die
Analyse von Umwelteffekten als diagnostische
Elemente zur Bestimmung des Intensitétsgrades.
Fiir einige modernere Skalen werden jedoch
nur die Effekte auf den Menschen und auf
Gebdude und Infrastruktur beriicksichtigt (z.B.
Espmvosa et alii, 1976a; 1976b; GRUNTHAL, 1998).
Hierbei wird die diagnostische Relevanz der
Umwelteffekte vernachléssigt, weil man davon
ausgeht, dass diese zu variabel und unsicher
sind, um eine verléssliche Intensitdtsbestimmung
zu erlauben. In neuen Studien (z.B. DENGLER
& McPHERSON, 1993; SErva, 1994; Dowrick,
1996; Esposito et alii, 1997; Hancox et alii,
2002; MicHerTi et alii, 2004) konnte hingegen
gezeigt werden, dass die Umwelteffekte von
solchen Erdbeben, die in historischen Berichten

vermerkt sind oder durch paldoseismologische
Untersuchungendokumentiertwurden, essentielle
Informationen zur Abschdtzung der Stirke eines
Erdbebens beinhalten und insbesondere eine
Intensitatsbestimmung erlauben.

Umdiese Informationen zunutzen, wurde 2007
die ESI Intensititsskala entwickelt (MicHETTI et
alii, 2007). Die Intensitdtsbestimmung erfolgt
ausschlieBlich anhand von Umwelteffekten, die
durch ein Erdbeben hervorgerufen wurden. Mit
Hilfe dieser Skala (auch in Kombination mit
den klassischen Intensitdtsskalen) konnen die
verschiedenen Auswirkungen in ihrer Gesamtheit
besser erfasst werden. Die Konzentration auf
Umwelteffekte erlaubt einen besseren Vergleich
von Erdbebenintensititen in zweierlei Hinsicht:

 zeitlich: Effekte auf die Umwelt sind fiir sehr
lange Zeitraume vergleichbar (aktuelle Erdbeben,
historische Ereignisse, Paldo-Erdbeben),
wéhrend der instrumentellen Seismologie nur
Aufzeichnungen tiber die letzten 100 - 120 Jahre
zur Verfiigung stehen;

e rdumlich: Erdbeben konnen  weltweit
verglichen werden, unabhdngig von den
ortlichen Bauweisen oder sozio-Okonomischen
Voraussetzungen.

Daher zielt die neue Intensitdtsskala auch

(1) Lehr - und Forschungsgebiet Neotektonik und Georisiken RWTH, Aachen University, Germany.
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darauf ab, traditionelle Skalen zu ergéinzen:

* ab Erdbebenintensititen von X wird
die  Intensititsbestimmung anhand  von
Gebdudeschdden nahezu unmoglich, wihrend
Umwelteffekte noch immer aussagekréftig sind;

* in dinn besiedelten Gegenden konnen
oftmals nicht ausreichend viele Gebdudeschdden
analysiert werden, um eine verldssliche
Intensitdtsbestimmung durchzufiihren - hier
konnen einzig Umwelteffekte Aufschluss tiber

die Stirke eines Bebens geben.

Die Intensitdtsgrade der ESI Skala wurden
durch eine internationale Arbeitsgruppe von
Geologen, Seismologen und Ingenieuren
definiert, indem die Effekte einer Vielzahl
unterschiedlicher Erdbeben weltweit klassifiziert
wurden. Auf dem XVII INQUA Congress 2007
(Cairns, Australien) erfolgte die Ratifizierung
der ESI Skala durch die INQUA (International
Union for Quaternary Research).

Beschreibung

Die ESI Skala hat zwolf Grade. Der Name jeden Grades beschreibt kurz die dazugehorige Stérke
eines Erdbebens und die Umwelteffekte. In der Beschreibung werden zundchst die charakteristischen
Haupteffekte und deren Stirke dem jeweiligen Grad zugeordnet. Darauf folgen Angaben zur rdumlichen
Verbreitung der Nebeneffekte zur Bestimmung der Epizentralintensitit. Diese werden in Kategorien
unterteilt und nach der Haufigkeit ihres Auftretens gruppiert. Kursiver Text markiert solche Effekte, die
als charakterisitsch fiir ihren Grad angesehen werden.

Haupteffekte hdngen direkt von der Energie eines Erdbebens ab und werden insbesondere durch
die Oberflachenerscheinung der seismogenen Storung bestimmt. Die Grofle der Haupteffekte wird
typischerweise durch zwei Parameter angegeben: 1) Linge der Oberflichenruptur und ii) maximaler
Versatz an der Stérung. Das Auftreten dieser beiden ist iiblicherweise ab einer Intensitdt von VIII zu
erwarten; nur in vulkanisch aktiven Gebieten konnen auch sehr oberflichennahe, schwichere Beben
Oberflichenrupturenund sichtbaren Versatz erzeugen. Des Weiteren wird die Ausdehnung vontektonischer
Oberflichendeformation (Hebung und Senkung) fiir die Intensitatsabschiatzung beriicksichtigt.

Nebeneffekte sind alle Erscheinungen, die durch die Bodenerschiitterung verursacht werden. Es
werden acht Kategorien unterschieden:

a) Hydrologische Anomalien: In diese Kategorie fallen Verdnderungen der Schiittmenge von Quellen
und Fliissen sowie Anderungen der chemisch-physikalischen Eigenschaften von Grund- und
Oberflichenwasser (z.B. Temperatur, Triibung). Diese Effekte gelten als diagnostisch fiir Intensitéten
von IV bis X.

b) Anomale Wellen/Tsunamis: Diese Kategorie umfasst: Seichen (stehende Wellen) in geschlossenen
Becken, das Auslaufen von Wasser aus Teichen und Becken sowie Tsunamiwellen. Im Falle von
Tsunamis werden die Effekte der Wellen an der Kiiste zur Intensitdtsabschitzung herangezogen,
weniger die Hohe der Tsunamiwellen selbst. Charakteristisch sind vor allem die maximale
Auflaufhéhe, Stranderosion und Anderungen der Kiistenmorphologie. Derartige Effekte konne
bereits ab Intensitit [V auftreten, sind aber vor allem fiir Intensitdten von IX - XII diagnostisch.

¢) Bodenrisse: Es werden die Lingen der Risse (von Zentimetern bis zu einigen hundert Metern),
die Breite (Millimeter bis Meter) und die Dichte des Auftretens bestimmt. Bodenrisse konnen ab
Intensitédt [V auftreten; ab Intensitét X ist keine Zunahme in GroéBe und Hiufigkeit mehr zu erwarten.

d) Massenbewegungen: In dieser Kategorie werden alle Typen von Erdrutschen, Felsstiirzen,
BodenflieBen und Muren eingeordnet. Sofern Morphologie und Lithologie verschiedener Gebiete
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vergleichbar sind, werden Volumen und Fliche des Auftretens als charakteristische GroBlen
angenommen. Massenbewegungen konnen ab Intensitdt IV auftreten; ab Intensitdt X ist keine
Zunahme in GroBe und Haufigkeit mehr zu erwarten.

e) Wackelnde Bdume: Diese Effekte sind fiir Intensititen von IV - X diagnostisch. Die Definition der
Intensitétsgrade orientiert sich an den Vorgaben von Dengler und McPherson (1993).

f) Bodenverfliissigung: Diese Kategorie umfasst Sandvulkane, Wasser- und Sandfonténen, einige
Arten von seitlicher Ausbreitung von Bodenmaterial, Setzungen und Sackungen. Thre Grofe ist
diagnostisch fiir Intensitéten von V bis X.

g) Staubwolken: Diese konnen in trockenen/ariden Gebieten ab Intensitit VIII beobachtet werden.

h) Springende Steine: Die maximale Grofe der springenden Steine ist hierbei das diagnostische
Kriterium. Springende Steine konnen bei Intensititen IX - XII beobachtet werden. Dieser Effekt
bezeugt, dass die Bodenbeschleunigung wihrend des Bebens grofBer als die Erdbeschleunigung war.
Dieses Phidnomen kann lokal ab Intensitdt IX auftreten.

Umwelteffekte konnen ab Intensitdten von IV beobachtet und kategorisiert werden. Einige Effekte
wie hydrologische Anomalien konnen unter Umstinden auch schon bei geringeren Intensititen
auftreten, eignen sich dann jedoch nicht als diagnostische Kriterien. Die Genauigkeit der Abschitzung
steigt grundsdtzlich mit hoheren Graden an, insbesondere dann, wenn Haupteffekte beobachtet werden
konnen. Dies ist typischerweise ab Intensitét VIII der Fall. Ab Intensitdten von X sind die Folgen eines
Erdbebens auf Gebdude und Infrastruktur kaum oder gar nicht mehr zu unterscheiden und kdnnen
verschiedenen Graden nicht oder nur selten zugeordnet werden, da die meisten Gebdude vollig zerstort
werden. Insbesondere in diesem Bereich stellt die ESI Skala die einzige Moglichkeit dar, sinnvoll
Intensitéten anzugeben.

Zur Benutzung der ESI 2007 Intensitatsskala

Die Verwendung der ESI 2007 Intensitdtsskala als unabhidngige Methode zur Intensitatsbestimmung
ist immer dann ratsam, wenn nur Umwelteffekte zur Abschitzung der Erdbebenstirke geeignet sind.
Dies kann der Fall sein, wenn die Auswirkungen auf Infrastruktur und Gebdude zu selten beobachtet
werden kdnnen oder wenn diese so stark beschidigt sind, dass eine Unterscheidung der Grade nicht
mehr moglich ist. Falls die Intensitdt auch traditionell anhand von Gebdudeschdden bestimmt werden
kann, kdnnen zwei unabhédngige Intensitdtsabschiatzungen vorgenommen werden. Generell wird dann der
hohere der beiden ermittelten Grade als Intensitdt angegeben. Offensichtlich ist hierbei die Beurteilung
durch Experten unabdingbar.

Die Epizentralintensitit (1)) bezeichnet die Intensitdt der Erschiitterungen bezogen auf das Epizentrum.
Die Parameter der Oberflachenrupturen und die rdumliche Verteilung von Nebeneffekten (z.B. Erdrutsche
oder Bodenverfliissigung) dienen als unabhidngige Methoden zur Bestimmung von I auf der Basis von
Umwelteffekten, meist ab Intensitat VII (tab. 2.1).

Besondere Vorsicht ist geboten, wenn Haupteftekte (z.B. Oberflichenrupturen) gerade auf einen Wert
zwischen zwei Intensitdtsgraden hindeuten. In diesem Fall sollte derjenige Grad angenommen werden,
der durch die Nebeneffekte am besten bestétigt wird. AuBerdem wird empfohlen, keine rdumlich
isoliert beobachteten, weit vom Epizentrum entfernten Nebeneffekte in die Berechnung der betroffenen
Gesamtflache einzubeziehen. Fiir die Auswertung solcher Beobachtungen sollte ein Experte zu Rate
gezogen werden.
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Tab. 2.1 - Wertebereiche der oberflichlich sichtbaren Storungseffekte (Haupteffekte) und typische Gesamtflichen der
Nebeneffekte fiir jeden Intensititsgrad.

HAUPTEFFEKTE NEBENEFFEKTE
E NSRS OBERIIZ\I/I_QzZ(II-lhI:ﬁI\_/EF;SATZ/ GESAMTFLACHE
OBERFLACHENRUPTUR DEFORMATION

v - - -

V - - -

VI - - -

VIl *) *) 10 km?
VI Einige hundert Meter einige Zentimeter 100 km?

1X 1- 10 km 5-40cm 1000 km?

X 10 - 60 km 40 - 300 cm 5000 km?
X]| 60 — 150 km 300 —700 cm 10000 km?
X1 > 150 km > 700 cm > 50000 km?

(*) Sehr kurze Oberflachenrupturen (einige Zehnermeter bis wenige hundert Meter) konnen in vulkanisch aktiven Gebieten
bei oberflichennahen Beben auftreten.

Lokale Intensititen warden hauptséchlich anhand der Beschreibung von Nebeneffekten an bestimmtem
Lokalitdten abgeschétzt. Diese Intensititsgrade sind vergleichbar mit denen, die durch die traditionellen
Intensititsskalen aufgrund von Gebdudeschéden ermittelt wurden. Es muss darauf hingewiesen werden,
dass der Begriff,,Lokalitdt™ sowohl eine bewohnte Ortschaft als auch einen Naturraum ohne menschliche
Siedlungen bezeichnen kann. Sollten nur Haupteffekte dokumentiert worden sein, ist es auch moglich,
die lokalen Auswirkungen der oberflichlich sichtbaren Storungseffekte zur Intensititsbestimmung zu
nutzen (maximaler Versatz).

Beschreibung der Intensitat

I — 11l keine Auswirkungen auf die Umwelt.

Stufe IV
Haupteffekte fehlen. Nebeneffekte sind:

a) Kleine Verdnderungen des Wasserstandes in Brunnen oder der Menge der Wasserschiittung von Quellen treten ganz
vereinzelt und begrenzt auf. Sehr selten werden kleine physikalische und chemische Verdanderungen oder Triibung des
Wassers von Brunnen oder Quellen beobachtet, dies vor allem in Quellen aus groBeren Karst-Aquiferen.

b) Entwicklung von einige Zentimeter hohen Seiches in abgeschlossenen Becken (in Seen und im Meer) — typischerweise
im Fernbereich von Erdbeben —, die im Allgemeinen nur von Pegeln erfasst werden, selten auch mit bloBem Auge.
Anomale Wellen werden von allen Menschen in kleinen Booten wahrgenommen, von einigen in grolen Booten, von den
meisten an der Kiiste. Schwingung und manchmal Uberschwappen des Wassers in Schwimmbecken werden beobachtet.

c) Auftreten von millimeterdicken Haarrissen bei geeigneter Geldndeform (Hénge, Bergkdmme) oder bei bestimmter
Bodenbeschaffenheit (wassergesittigter Boden, unverfestigter Schwemmboden).

d) In steilen Hiangen nahe dem kritischen Winkel und bei losem oder wassergeséttigtem Boden kommt es vereinzelt zu
Steinschlag und kleinen Erdrutschen, manchmal infolge der Reaktivierung alter Rutschmassen.

e) Schwaches Zittern von Asten.
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Stufe V

Haupteffekte fehlen. Nebeneffekte sind:

a)

b)

d)

Selten und begrenzt treten kleine Verédnderungen des Wasserstandes in Brunnen oder der Menge der Wasserschiittung von
Quellen auf. Ebenso werden vereinzelte kleine physikalische und chemische Verdnderungen oder Triibung des Wassers
von Seen, Brunnen oder Quellen beobachtet.

Entwicklung von einige Dezimeter hohen Seiches in abgeschlossenen Becken (in Seen und im Meer) — typischerweise
im Fernbereich von Erdbeben —, die manchmal auch mit bloBem Auge erfasst werden. Anormale Wellen von einigen
Dezimetern Hohe werden von allen Menschen in Booten und an der Kiiste wahrgenommen. Uberschwappen des Wassers
aus Schwimmbecken tritt auf.

Begrenztes Auftreten von millimeterdiinnen Rissen mit einer Lange von einigen Zentimetern bis zu einem Meter bei
geeigneter Geldndeform (Hénge, Bergkdmme) oder bei bestimmter Bodenbeschaffenheit (wassergesittigter Boden,
unverfestigter Schwemmboden).

Vereinzelt Steinschlag und Erdrutsche nicht nur in steilen Hangen nahe dem kritischen Winkel, meist bei losen
Ablagerungen oder wassergesittigtem Boden. Unterseeische Rutschungen kdnnen ausgelost werden, die moglicherweise
kleine anomale Wellen an den Kiisten von See und Meer erzeugen.

Aste und Biische erbeben leicht, sehr selten fallen tote Aste und reife Friichte zu Boden.

AuBerst seltene Beobachtungen von Bodenverfliissigung (,,aufkochender Treibsand) in sehr begrenzten Bereichen, die
aufgrund von hohem Grundwasserstand und geeigneter Bodenbeschaffenheit (z. B. Schwemmsand) anféllig dafiir sind.

Stufe VI

Haupteffekte fehlen. Nebeneffekte sind:

a)

b)

d)

Réumlich begrenzt treten deutliche Verdnderungen des Wasserstandes in Brunnen oder der Menge der Wasserschiittung
von Quellen auf. Ebenso werden kleine physikalische und chemische Verdnderungen oder Triibung des Wassers von
Seen, Brunnen oder Quellen beobachtet.

Anomale Wellen von mehreren Dezimetern Hohe iiberfluten sehr begrenzte Bereiche des Ufers. Uberschwappen des
Wassers aus Schwimmbecken, kleinen Tiimpeln und Teichen.

Bei geeigneter Bodenbeschaffenheit (wassergesattigter Boden, unverfestigter Schwemmboden) gelegentliches
Auftreten von millimeter- bis zentimeterbreiten Rissen mit einer Lange von bis zu einigen Metern, die an steilen
Héangen oder Flussufern 1-2 cm offen stehen konnen. Einige kleine Risse entstehen in asphaltierten oder gepflasterten
Straf3en.

Steinschlag und Erdrutsche mit einem Volumen von bis zu 1.000 m?® vor allem an steilen Hangen und
Gelandeeinschnitten nahe dem kritischen Winkel, meist bei losen wassergeséttigten Ablagerungen oder stark
verwittertem und briichigem Fels. Unterseeische Rutschungen konnen ausgelost werden, die hin und wieder kleine, vor
allem von Messinstrumenten verzeichnete, anomale Wellen an den Kiisten von See und Meer erzeugen.

Aste und Biische erbeben gemiBigt bis stark; in Abhiingigkeit von der Baumart, dem Gesundheitszustand und der
Fruchtlast brechen einige wenige Baumkronen und instabile tote Aste und fallen zu Boden.

Seltene Beobachtungen von Bodenverfliissigung (,,aufkochender* Treibsand) in sehr begrenzten Bereichen, die
aufgrund von hohem Grundwasserstand und geeigneter Bodenbeschaffenheit (z. B. Schwemmsand) anfillig dafiir sind.

Stufe VI

Haupteffekte werden sehr selten beobachtet, hauptséchlich in vulkanischen Gebieten. Vor allem sehr oberflaichennahe

Beben erzeugen begrenzte Oberflichenrupturen von einigen hundert Metern Lénge und mit wenigen Zentimetern Versatz.
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Nebeneffekte betreffen eine Flidche in der GroBenordnung von 10 km?.

a) Réaumlich begrenzt treten voriibergehend deutliche Verdnderungen des Wasserstandes in Brunnen oder der Menge der
Wasserschiittung von Quellen auf. Selten kommt es voriibergehend zum Versiegen oder Entstehen von kleinen Quellen.
Ebenso werden ortlich kleine physikalische und chemische Verdnderungen oder Triibung des Wassers von Seen, Brunnen
oder Quellen beobachtet.

b) Anomale Wellen von mehr als einem Meter Hohe iberfluten begrenzte Bereiche des Ufers und beschéddigen Objekte
verschiedener GroBe oder spiilen sie fort. Uberschwappen des Wassers aus kleinen Becken und Wasserldufen tritt auf.

c) Bei geeigneter Bodenbeschaffenheit (wassergesittigter Boden, unverfestigter Schwemmboden) kénnen 5 bis 10
Zentimeter breite Rissen mit einer Ldnge von bis zu hundert Metern auftreten. In trockenem Sand, sandigem Schluff
und in Ton werden seltene Risse bis zu einer Breite von 1 Zentimeter beobachtet. Zentimeterbreite Risse entstehen in
asphaltierten oder gepflasterten Strallen.

d) Verstreutes Auftreten von Erdrutschen, in einigen Féllen mit einem Volumen von bis zu 10.000 m? vor allem an steilen
Héangen und Geldndeeinschnitten nahe dem kritischen Winkel, meist bei losen oder wassergesittigten Ablagerungen.
Steinschlag ereignet sich vor allem in steilen Schluchten und an Klippen. Bei trockenem Boden aus Sand, sandigem
Schluff oder Ton erreichen die Massenbewegungen ein Volumen von bis zu 100 m?®. Bedeutende unterseeische
Rutschungen konnen ausgelost werden, die anomale Wellen an den Kiisten von See und Meer erzeugen, welche von
Personen in Booten und Héfen bemerkt werden.

e) Bédume und Biische erbeben stark, vor allem in dicht bestandenen Wéldern brechen viele Baumkronen und instabile tote
Aste und fallen zu Boden.

f) Seltene Beobachtungen von Bodenverfliisssigung (,,aufkochender Treibsand bis zu 50 cm im Durchmesser) in sehr
begrenzten Bereichen, die aufgrund von hohem Grundwasserstand und geeigneter Bodenbeschaffenheit (z. B.
Schwemmsand) anfillig dafiir sind.

Stufe VIII

Haupteffekte werden selten beobachtet. Vor allem sehr oberflichennahe Beben, wie sie hdufig in vulkanischen Gebieten
vorkommen, erzeugen begrenzte Oberflichenrupturen von einigen hundert Metern Linge und mit wenigen Zentimetern
Versatz. Dartiber hinaus kann tektonische Hebung oder Senkung der Erdoberfldche iiber einige Zentimeter vorkommen.

Nebeneffekte betreffen eine Fléche in der GroBenordnung von 100 km?.

a) Die Wasserschiittung oder die Austrittshohe von Quellen dndert sich, meist voriibergehend. Manchmal kommt es
voriibergehend zum Versiegen oder Entstehen von kleinen Quellen. Beobachtet werden Verdnderungen des Wasserstandes
in Brunnen. Kleine physikalische und chemische Verinderungen des Wassers sind nachweisbar, meist Anderungen der
Temperatur. Eine Triibung des Wassers lédsst sich in abgeschlossenen Seen, in Fliissen, Brunnen oder Quellen beobachten.
An manchen Stellen tritt Gas aus, meist schwefelhaltig.

b) Anomale Wellen von ein bis zwei Meter Hohe tiberfluten ufernahe Bereiche und beschédigen Objekte verschiedener
Grofle oder spiilen sie fort. Erosion und Ablagerung von Treibgut kommt entlang der Kiisten vor. Unterspiilung und
Verdriften einiger Biische und kleiner, schlecht verwurzelter Biume wird beobachtet. Heftiges Uberschwappen des
Wassers aus kleinen Becken und Wasserldufen ist moglich.

c) Bei geeigneter Bodenbeschaffenheit (wassergesittigter Boden, unverfestigter Schwemmboden) hiufiges Auftreten von
bis zu 50 Zentimeter breiten Rissen mit einer Lange von bis zu hundert Metern. In seltenen Fillen werden Risse von
bis zu 1 Zentimeter Breite in hartem Felsgestein beobachtet. Dezimeterbreite Risse und kleine Druckwellungen der
Oberflache entstehen in asphaltierten oder gepflasterten Straflen.

d) Auftreten von kleinen und mittleren Erdrutschen mit einem Volumen von 1.000 bis 100.000 m? in geeigneten Gebieten,
selten auch an flachen Héngen. In Ablagerungen nahe dem kritischen Winkel, etwa an steilen Héngen bei losen oder
wassergesittigten Ablagerungen sowie Steinschlagmassen in Schluchten und an Steilkiisten konnen Erdrutsche
ein grofes Ausmalf} erreichen (100.000 bis 1.000.000 m?). Erdrutsche konnen schmale Téler versperren und so zur
Entstehung eines voriibergehenden oder bleibenden Stausees fithren. Briiche, Rutschungen und Steinschldge betreffen
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Flussufer, kiinstliche Boschungen und Abgrabungen wie Straleneinschnitte und Steinbriiche in Lockersedimenten und
verwittertem Gestein. Haufig werden unterseeische Rutschungen ausgeldst.

e) Biume werden stark geschiittelt, Aste brechen und fallen zu Boden, vor allem an steilen Hiingen werden manche Biume
entwurzelt.

f) Bodenverfliissigung kann im Bereich des Epizentrums bei geeigneten Bodenverhéltnissen héufig sein, hier treten vor
allem ,,aufkochender” Treibsand bis zu einem Meter Durchmesser auf sowie scheinbare Fonténen in stillem Wasser,
seitliche Ausbreitung von Bodenmaterial und Setzungen bis zu 30 cm. Parallel zu den Ufern von Fliissen, Seen, Kanilen
und zur Meereskiiste bilden sich Spalten.

g) In trockenen Gebieten konnen im Bereich des Epizentrums Staubwolken aufsteigen.

h) Steine und sogar kleine Felsen sowie gefallene Baumstdmme koénnen in die Luft geworfen werden, ihr Wiederauftreffen
hinterldsst typische Spuren in weichem Boden.

Stufe IX

Haupteffekte wie Oberflichenrupturen von einigen Kilometern Linge und mit einigen Zentimetern Versatz werden hiufig
beobachtet. Dariiber hinaus kann tektonische Hebung oder Senkung der Erdoberfldche iiber einige Dezimeter vorkommen.

Nebeneffekte betreffen eine Fliache in der GroBenordnung von 1.000 km?.

a) Die Wasserschiittung oder der Ort von Quellen dndert sich deutlich, meist voriibergehend. Manchmal kommt es zum Versiegen
mittelgroBer Quellen. Haufig sind voriibergehende Verdnderungen des Wasserstandes in Brunnen. Kleine physikalische und
chemische Verinderungen des Wassers von Brunnen oder Quellen sind nachweisbar, meist Anderungen der Temperatur.
Eine Triibung des Wassers lésst sich in abgeschlossenen Seen, in Fliissen, Brunnen oder Quellen beobachten. An manchen
Stellen tritt Gas aus, meist schwefelhaltig. Stellenweise kommt es zur Entziindung des Gases und die Vegetation nahe der
Austrittsstelle kann verbrennen.

b) Entstehung von mehrere Meter hohen Wellen in Still- und FlieBgewissern, Verlagerung von Wasserldufen in
Uberschwemmungsebenen durch Bodensenkungen, Erscheinen und Verschwinden kleiner Wasserbecken. Je nach
unterseeischem oder untermeerischem Geldnderelief konnen Tsunamis von mehreren Metern Hohe entstehen, die weite
Gebiete tiberschwemmen und eine Gefahr fiir Mensch und Tier darstellen. Erosion und Ablagerung von Treibgut kommt
entlang der gesamten Kiiste vor. Unterspiilung und Verdriften von Biischen und Baumen wird beobachtet.

c) Beigeeigneter Bodenbeschaffenheit (wassergesittigter Boden, unverfestigter Schwemmboden) treten bis zu 100 Zentimeter
breite Rissen mit einer Lange von bis zu mehreren hundert Metern auf. Risse von bis zu 10 Zentimeter Breite werden in
hartem Felsgestein beobachtet. Breite Risse und kleine Druckwellungen der Oberfléache entstehen in asphaltierten oder
gepflasterten Strallen.

d) Erdrutsche sind haufig, auch an flachen Héngen. In Ablagerungen nahe dem kritischen Winkel, etwa an steilen Héngen bei
losen oder wassergesittigten Ablagerungen sowie Steinschlagmassen in Schluchten und an Steilkiisten konnen Erdrutsche
ein grofles bis sehr groles Ausmaf erreichen (100.000 bis 1.000.000 m?). Erdrutsche konnen schmale Téler versperren
und so zur Entstehung eines voriibergehenden oder bleibenden Stausees fithren. Briiche, Rutschungen und Steinschlége
betreffen Flussufer, kiinstliche Boschungen und Abgrabungen wie Straleneinschnitte und Steinbriiche in Lockersedimenten
und verwittertem Gestein. Haufig werden unterseeische Rutschungen in Kiistenndhe ausgelost.

e) Biume werden heftig geschiittelt, Aste und diinne Baumstimme brechen héufig und fallen zu Boden, vor allem an steilen
Héangen werden manche Baume entwurzelt.

f) Bodenverfliissigung und das Aufwallen von Wasser sind haufig, hier treten vor allem ,,aufkochender Treibsand bis zu drei
Metern Durchmesser auf sowie scheinbare Fonténen in stillem Wasser, hdufig seitliche Ausbreitung von Bodenmaterial und
Setzungen von mehr als 30 cm. Parallel zu den Ufern von Fliissen, Seen, Kandlen und zur Meereskiiste bilden sich Spalten.

2) In trockenen Gebieten konnen Staubwolken aufsteigen.

h) Kleine Felsen und gefallene Baumstdmme koénnen in die Luft geworfen werden und wandern je nach ihrer Form und der
Gelédndeneigung mehrere Meter, ihr Wiederauftreffen hinterldsst typische Spuren in weichem Boden.
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Stufe X

Haupteffekte iibertreffen die Nebeneffekte. Oberflichenrupturen von einigen Zehnerkilometern Lange und mit einigen
Zentimetern bis einigen Metern Versatz werden héufig beobachtet, in vulkanischen Gebieten kann die Lénge der Briiche bei
sehr flachgriindigen Erdbeben wesentlich grofler sein. Einbruchgrédben und langliche Senken entwickeln sich. Dariiber hinaus
kann tektonische Hebung oder Senkung der Erdoberflache {iber einige Meter vorkommen.

Nebeneffekte betreffen eine Fliache in der GréBenordnung von 5.000 km?.

a) Die Wasserschiittung oder die Austrittshohe vieler Quellen dndert sich deutlich. Manchmal kommt es zum voriibergehenden
oder vollstdndigen Versiegen mancher Quellen. Héufig sind voriibergehende Verdnderungen des Wasserstandes in
Brunnen. Teilweise starke physikalische und chemische Verdnderungen des Wassers von Brunnen oder Quellen sind
nachweisbar, meist Anderungen der Temperatur. Eine Verschlammung des Wassers lisst sich sogar in groBen Seen sowie
in Flissen, Brunnen oder Quellen beobachten. An manchen Stellen tritt Gas aus, meist schwefelhaltig. Stellenweise
kommt es zur Entziindung des Gases und die Vegetation nahe der Austrittsstelle kann verbrennen.

b) Entstehung von mehrere Meter hohen Wellen sogar in gro3en Still- und FlieBgewéssern, die deren Bett verlassen kdnnen.
Zeitweilige oder bleibende Verlagerung von Wasserldufen in Uberschwemmungsebenen durch Bodensenkungen sind
moglich, auch das Erscheinen und Verschwinden von Wasserbecken. Je nach unterseeischem oder untermeerischem
Gelanderelief und der Ausbildung der Kiiste entstechen Tsunamis von mehr als 5 Metern Hohe, die mehrere Kilometer
ins Land eindringen und kleine Felsbrocken iiber viele Meter mitschleifen konnen. Tiefreichende Erosion kommt entlang
der gesamten Kiiste vor. Die Kiistenlinie kann deutlich verdndert werden. Unterspiilung und Verdriften von ufernahen
Béaumen warden beobachtet.

c) Bei geeigneter Bodenbeschaffenheit (wassergeséttigter Boden, unverfestigter Schwemmboden) treten mehr als 1 Meter
offen stehende Risse mit einer Lénge von bis zu mehreren hundert Metern haufig auf. Risse von mehreren Dezimetern
Breite werden in hartem Felsgestein beobachtet. Breite Risse und Druckwellungen der Oberfliche entstehen in
asphaltierten oder gepflasterten Straf3en.

d) GroBle Erdrutsche (groBer als 100.000 bis 1.000.000 m®)sind haufig, ungeachtet des Gleichgewichtszustandes
von Berghingen. Die Erdrutsche konnen schmale Téler versperren und so zur Entstehung eines voriibergehenden
oder bleibenden Stausees fiihren. Flussufer, kiinstliche Boschungen und die Wénde kiinstlicher Abgrabungen wie
Straleneinschnitte und Steinbriiche brechen zusammen. Straf8en- und Erdddmme koénnen schwer beschéddigt werden.
Haufig werden unterseeische Rutschungen in Kiistennéhe ausgelost.

e) Biume werden heftig geschiittelt, viele Aste und Baumstimme brechen und fallen zu Boden, manche Biume werden
entwurzelt.

f) Bodenverfliissigung im Verbund mit Aufwallen von Wasser und Bodenverdichtung verdndern das Aussehen weiter
Zonen, hier treten vor allem Sandvulkane mit bis zu sechs Metern Durchmesser auf. Setzungen erreichen eine Héhe von
mehr als einem Meter. Breite und lange Spalten aufgrund der seitlichen Ausbreitung von Bodenmaterial sind héufig.

g) Introckenen Gebieten steigen meistens Staubwolken auf.

h) Felsen mit mehr als 2 bis 3 m Durchmesser konnen in die Luft geworfen werden und auch bei geringer Geldandeneigung
hunderte Meter tiber den Boden wandern. Dabei entstehen typische Spuren in weichem Boden.

Stufe XI

Haupteffekte tiberwiegen. Oberflaichenrupturen von einigen Zehnerkilometern bis iiber hundert Kilometer Lénge
und mit einigen Metern Versatz treten auf. Einbruchgridben, Pressungsriicken und ldngliche Senken entwickeln sich,
Entwiésserungsmuster konnen stark verdndert werden. Dariiber hinaus kann tektonische Hebung oder Senkung der
Erdoberflache iiber viele Meter vorkommen.

Nebeneffekte betreffen eine Fliche in der GroBenordnung von 10.000 km?.

a) Die Wasserschiittung oder die Austrittshohe vieler Quellen dndert sich deutlich. Haufig kommt es zum voriibergehenden
oder vollstdndigen Versiegen von Quellen. Haufig sind voriibergehende Verdnderungen des Wasserstandes in Brunnen.
Teilweise sind starke physikalische und chemische Verdnderungen des Wassers von Brunnen oder Quellen nachweisbar,
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meist Anderungen der Temperatur. Eine starke Verschlammung des Wassers lisst sich sogar in groen Seen sowie in
Fliissen, Brunnen oder Quellen beobachten. An manchen Stellen tritt Gas aus, oft schwefelhaltig. Stellenweise kommt es
zur Entziindung des Gases und die Vegetation nahe der Austrittsstelle kann verbrennen.

b) Entstehung von mehrere Meter hohen Wellen in groflen Still- und FlieBgewissern, die deren Bett verlassen kdnnen.
Zeitweilige oder bleibende Verlagerung von Wasserliufen in Uberschwemmungsebenen durch Bodensenkungen;
Erscheinen und Verschwinden von Wasserbecken. Je nach unterseeischem oder untermeerischem Gelénderelief und der
Ausbildung der Kiiste entstehen Tsunamis von mehr als 15 Metern Hohe, die mehrere Kilometer ins Land eindringen
und metergrofle Felsbrocken tiber groBe Entfernung transportieren konnen. Tiefreichende Erosion kommt entlang der
gesamten Kiiste vor, die Kiistenlinie kann deutlich verdndert werden. Unterspiilung und Verdriften von ufernahen
Béumen sind haufig.

c) Bei geeigneter Bodenbeschaffenheit (wassergeséttigter Boden, unverfestigter Schwemmboden) wird héufiges Auftreten
von mehrere Meter offen stehenden Rissen beobachtet. Risse von bis zu einem Meter Breite werden in hartem Felsgestein
beobachtet. Sehr breite Risse und starke Druckwellungen der Oberfldche entstehen in asphaltierten oder gepflasterten
Straf3en.

d) GroBeErdrutscheundFelsstiirze (groBerals 100.000bis 1.000.000 m?) sind hdufig, ungeachtetdes Gleichgewichtszustandes
von Berghédngen, und ereignen sich in geringerem Maf3e noch in 200 bis 300 Kilometer vom Epizentrum. Die Erdrutsche
versperren haufig schmale Tédler und tragen so zur Entstehung eines voriibergehenden oder bleibenden Stausees bei.
Flussufer, kiinstliche Boschungen und die Wénde kiinstlicher Abgrabungen wie Straleneinschnitte und Steinbriiche
brechen zusammen. Straflen- und Erdddimme kdnnen schwer beschéddigt werden. Haufig werden grofle unterseeische
Rutschungen in Kiistennihe ausgeldst.

e) Biume werden heftig geschiittelt, viele Aste und Baumstimme brechen und fallen zu Boden, manche Biume werden
entwurzelt.

f) Bodenverfliissigung verdndert das Aussehen ausgedehnter Zonen, hier treten vor allem viele gro3e Sandvulkane auf.
Setzungen erreichen eine Hohe von mehreren Metern. Starke seitliche Ausbreitung von Bodenmaterial ist haufig.

g) Introckenen Gebieten steigen Staubwolken auf.

h) Felsen mit mehreren Metern Durchmesser konnen in die Luft geworfen werden und auch bei geringer Geldndeneigung
hunderte Meter iiber den Boden wandern. Dabei entstehen typische Spuren in weichem Boden.

Stufe XII

Haupteffekte tiberwiegen. Oberflichenrupturen mit mindestens einigen hundert Kilometern Lénge und mit
einigen Zehnermetern Versatz treten auf. Einbruchgriaben, Pressungsriicken und ldngliche Senken entwickeln sich,
Entwésserungsmuster konnen stark verdndert werden. Verdnderungen der Landschaft und Oberflichenformen durch die
Hauptwirkungen kénnen auferordentlich ausgedehnt und grof3 sein. Beispiele solcher Veranderungen sind Verdnderungen
der Kiistenhohe von mehreren Metern, Erscheinung oder Verschwinden bedeutender Landschaftselemente oder von Seen,
Anderung von Flussldufen, Entstehung von Wasserfillen.

Nebenwirkungen betreffen eine Fliche in der GroBenordnung von 50.000 km? und mehr.

a) Die Wasserschiittung oder die Austrittshohe vieler Quellen dndert sich deutlich. Haufig kommt es zum voriibergehenden
oder vollstdndigen Versiegen von Quellen. Haufig sind voriibergehende Veridnderungen des Wasserstandes in Brunnen.
Starke physikalische und chemische Veranderungen des Wassers von Brunnen oder Quellen sind nachweisbar, meist
Anderungen der Temperatur. Eine starke Verschlammung des Wassers lisst sich sogar in groen Seen sowie in Fliissen,
Brunnen oder Quellen beobachten. An manchen Stellen tritt Gas aus, oft schwefelhaltig. Stellenweise kommt es zur
Entziindung des Gases und die Vegetation nahe der Austrittsstelle kann verbrennen.

b) Entstehung von gigantischen Wellen in groBen Still- und FlieBgewissern, die deren Bett verlassen. Zeitweilige
oder bleibende Verlagerung von Wasserldufen oder sogar der FlieBrichtung in Uberschwemmungsebenen durch
Bodensenkungen und Erdrutsche; Erscheinen und Verschwinden von groBen Wasserbecken. Je nach unterseeischem
oder untermeerischem Geldnderelief und der Ausbildung der Kiiste entstehen Tsunamis von mehreren Zehnermetern
Hohe, die mehrere Kilometer ins Land eindringen und gro3e Felsbrocken iiber grof3e Entfernung transportieren konnen.
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d)

2)
h)

GRUTZNER C. - REICHERTER K.

Tiefreichende Erosion kommt entlang der gesamten Kiiste vor, die Kiistenlinie kann vollkommen verédndert werden.
Haufig Unterspiilung und Verdriften von ufernahen Baumen. Alle Boote werden aus ihrer Verankerung gerissen und
weggeschwemmt oder iiber teilweise groBe Strecken landeinwérts getragen. Alle Personen, die sich in Reichweite
befinden, werden weggespiilt.

Mehr als zehn Meter offen stehende und mehrere Kilometer lange Risse in wassergesattigtem Boden oder unverfestigtem
Schwemmboden, Risse von mehr als einem Meter Breite werden in hartem Felsgestein beobachtet.

GroBeErdrutscheund Felsstiirze (groferals 100.000bis 1.000.000 m*)sind hdufig, ungeachtet des Gleichgewichtszustandes
von Berghangen, und ereignen sich auch in 200 bis 300 Kilometer vom Epizentrum in bedeutender GroB3e. Die Erdrutsche
versperren héufig schmale Tidler und tragen so zur Entstehung eines voriibergehenden oder bleibenden Stausees bei.
Flussufer, kiinstliche Béschungen und die Wénde kiinstlicher Abgrabungen wie Strafleneinschnitte und Steinbriiche
brechen zusammen. Straflen- und Erdddmme konnen schwer beschédigt werden. Haufig werden sehr grof3e unterseeische
Rutschungen in Kiistenndhe ausgeldst.

Biume werden heftig geschiittelt, viele Aste und Baumstimme brechen und fallen zu Boden, manche Biume werden
entwurzelt.

Bodenverfliissigung verdndert das Aussehen ausgedehnter Zonen, hier treten vor allem viele grole Sandvulkane auf.
Setzungen erreichen eine Hohe von mehreren Metern. Sehr starke seitliche Ausbreitung von Bodenmaterial ist hdufig.

In trockenen Gebieten steigen Staubwolken auf.

Auch sehr grof3e Felsen kdnnen in die Luft geworfen werden und auch bei geringer Geldndeneigung hunderte Meter iiber
den Boden wandern. Dabei entstehen typische Spuren in weichem Boden
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BN CHRET 5. KA T CAREELZ S Y FA T4 RHIVEEICHKE T 5.

) AKLHEL IENS. BPHVEDLHTNI/Y, ANz TSI EHEEICHSNS.
Z S DADIRD eV THITS.

f) RIRMERRIC K VEHDREDIEARE KL L. B m ZBR SMEL THLE CHOEN
5. RIEEGEWEYE LIRS ZSHHFOE5NS.

) FEMUETTIE, MBENMEXHLSEVLEDD.

h) EEEm DEEDEITRO LD, BERUELL TOIEBD T HNBEL, 1TED LICHZEGE
FTEHDS.

XII: TR TR IRAIRRE BARKNEETMOME—DIERLE G S

<ABEHIRFR>

BT 5.
EX100 km E. §NEL
m EDMFRMEREHNFEET 5. EHEOHBLS I REDMEHDTEREINS. KR
HNELLINDS. AENGEEICK ST, BRI THIINEERLEY, BHT
TV, HHFER - HEKT B E, HEAKREDY 5.

<ZRH9IRHR > IBRFEE DML 50,000 km? FFAE

8) ZLDRDEKENEITS. ZLDRHB—ENHZWVFXEANICTFENS. HET
—BH 2 WEEBANTKUZEHNLCERENDS. HRPRTKEERET EDEE
BEREDEBREINS. HVE)ll, HEPRTKNREICED. HEZESECHADREE
L, BUDOERNMAZ S EDHS.

b) EXZLROGAET L) THEEL, KOBSNBE. LER T, ILEICE CTH8E
DIIEPZ > FRZ 1 FlEk 2 Tl |Dms 0 —FF895 & ML IEA BN EET 5. &
[EEHIIEPH/FE DIFIRIC K o TIE K #1
MIGET SFERDFLEL, FHITIEBFRD SEkmE TRKT S, AEFHEERD R
BRZ5|ETE5NB. BEFE CIALIE TAE S BREZS, BERDFFOEINLTS. &
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d)

9)
h)

AZUMAT.-OTAY.

FEITEDAKIEG | ERDN T, TET S, MIdINTEOLNLESEDSREIN, ik
LIZY, IEBDRENITE LIS S51E. ENCOBAILERETS.

181 MY EDMRBROIFRITIRKICHET 5. BEGTEEICER
MIOET 2BRHOER EICRET . P HEHER P KEOFVIEL ETIF10
mUEICRS. CNSDOREREKMICEZIELHS.

KiREE (10°-10°

m L) BEPS Y FAZ4 D, REOREM S IEBFRE CEEICRETS. Al
HMEEIESHSN, —ENHZWVISEANGHENERETNS. BFPHRASET. 8%
PIBE. RN RETS. BARHPRAL LDNENEEEARITS. BETS VR
A 74 FHERDH5200~300 km

LU EBENTZAR CHRET 5. KA FCIERICKIBELZ S Y FX T4 RHVEEE(ICH
49 %.

KL HENS. KPHOEDITNICY, BN TS EDVEEICHSNS.
Z  DARDIRG eV THINB.

BRMEIREDNLWVEETREL, BEMORED THIFZZAECEILEED. BmEEBA
HHBL TN CTHOEND. KRELGEW EPE LWMIGREDZHHFE5NS.

RIRMIE T, HEELHRLSSENEHLS.

EEEMDBED EIHRU LS. FEEITHE N LIFEDIEFRIE L TEEED L S0 FHNEE)
L, TBEDLEICHZEET CEHDDS.
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2.7. - llIkaja ceicMM4eCKON MHTEHCUBHOCTH HA OCHOBAHUHU MNPHUPOIHBIX

3¢ ¢exToB - ESI 2007 (Russian)

Beeoenue

HNHTEHCHBHOCTD 3€MJIETPSCEHU OCHOBaHA
Ha knaccupukanuu 3hEHEKTOB CEHCMUYECKOTO
COOBITHSL TIO OIIYLIECHUAM JIFONEH, peakiuu
HUCKYCCTBEHHBIX  COOPY)KEHMH  (3maHus |
UHPPACTPyKTypa) M B MPUPOAHOM cpene
(mpupoaHble WM Treosoruyeckue 3(deKTs).
OmnpeneneHHas TakuM 00pa3oM MHTEHCUBHOCTb
JIaeT MPEACTABIECHUE O CHUJIE 3EMJIETPSACEHHUS B
IIMPOKOM JMana30He 4yacToT OT BHOpauuii 110
CTaTUYECKUX Jie(hopMalui.

Bce mkaner uatencuBHoctH (Poccu-doperns,
Mepkammu, MCS, MSK, momudunmupoaHHas
Mepkannu)  paccmarpuBaiu  3PQexTsl B
IIPUPOHOM cpejie B KauyeCTBE IUAarHOCTUYECKOTO
MpU3HaKa Juisl OLIEHKH OajuibHOCTU. B ominune
OT DJTOTO HEKOTOPHIE COBPEMEHHBIC IIKAJIBI
(manpumep, Espmosa et alii, 1976a; 1976b;
GRUNTHAL, 1998) y4UTBIBarOT TOJIBKO PEAKITHIO
JIONEH U 3JaHUN U COOPYKEHHUH., CYIIECTBEHHO
CHIDKAsl AMarHOCTUYECKOE 3HaY€HUE MPUPOIHBIX
3¢ (HeKToB, UCXOMS U3 TOTO, YTO OHHU CIHUIIKOM
HEYCTOMYMBBI W cly4yallHbl. Mexay T1em
HeJaBHUE UcCclieoBaHus (HampuMep, DENGLER &
McPHERSON, 1993; SErRvA, 1994, Dowrick, 1996;
Esposito et alii, 1997; Hancox et alii, 2002;
MicuerTi et alii, 2004) npogeMOHCTPHUPOBAIH
yOeauTenbHble  CBUACTENHCTBA  TOTO,  YTO

(1) Institute of Physics of the Earth, RAS, Moscow, Russia.

TATEVOSSIAN R. (1)

XapaKkTepHbIC MIPHU3HAKH MIPUPOIHBIX
3pPeKTOB, KOTOpBIE MOTYT OBITH CETOIHS
MONMyYeHbl W3 HWCTOPUYECKUX HUCTOYHHUKOB H
MaIe0CeCMOIIOTUYECKUX HCCIEIOBAaHUM, HECYT
CYIICCTBEHHYIO HMH(DOpPMAIMIO JUIsi  OICHKH
BEJIMYMHBI 3EMJICTPSICCHUST W B YACTHOCTH
WHTCHCHUBHOCTH.

C »oT0lf menplo ObUTa coO37aHA  IIKaja
untencuBHoctu ESI2007 (MicuetTi et alii, 2007)
OCHOBaHHAas HMCKJIIOUUTEIbHO Ha 3(pdekrax B
npuponHou cpene. Ee ucnons3oBanue, OTAEILHO
JU00 COBMECTHO C JPYTMMH TPaIUITAOHHBIMHU
IIKaJlaMH, HalleJIeHO Ha 0oJiee TOIHOE ONMCaHNe
CIEHApUs 3EMIICTPSICEHUS], MOCKOIBKY TOJIBKO
NpUPOIHbIE APPEKTHl TO3BOJISIOT CPaBHEHUE
WHTCHCUBHOCTH:

* BO BpeMeHM: 3PQEeKThl B MPUPOTHOU cpene
CpaBHMMBI IJIsi TOpas3fo Oojee AJIUTENIBHOTO
BPEMEHHOI'O OKHA (COBPEMEHHBIE, UCTOPUUECKHE
U Taneo  3eMJIETPSACEHMs), YeM IepHOA
MHCTPYMEHTAJIBHOM perucrpanuu (mociuenHee
CTOJIETHE) U

* B pa3IMYHBIX Treorpaduyeckux oONaCTAX:
npupoHbIe AP (EKTH HE 3aBUCAT OT COILMATBHBIX
¥ SKOHOMHYECKHX YCJIOBUI MO0 OT pa3nuyus B
CTPOHTEIIBHBIX TEXHOJIOTHSIX.
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» Homas mkana HaleleHa Ha JIOHOJHEHHE
TpaAUuIIUOHHBIX CEeMCMHUYECKUX IITKAJI:

s s MHTEHCUBHOCTHU paBHOI WIH
npeblmatonied X 0amioB, Korga OLEHKH
OCHOBaHHbIE Ha MOBPEXIACHUM 3JaHUN U
COOPY>KEHUI NPAKTUYECKU HEBO3MOXKHBI, TOTZA
Kak npupoiHble 3((eKThl Bce eue MOTyT
UCIIOJIb30BAaThCs ISl IUArHOCTUKY;

* BMAaJIOHACEJICHHBIX 00J1acTsX, T/Ie 3PP EeKThI HA
3JIaHUSX U COOPYKEHUSIX OTCYTCTBYIOT U TOTOMY
OLICHKa MHTEHCHBHOCTU MOXET OCHOBBIBATHCS
TOJBKO HA NPHUPOTHBIX IPPeKTax, KOTOpHIC

B OTOM Clly4yae SBISIIOTCS €IMHCTBEHHBIM
JUATrHOCTUYCCKUM DJICEMCHTOM.
Ixamna

SBIISICTCSL  PE3YJIBTaTOM  PabOThI

MEXKyHAPOIHON paboueit TPYIIIIBI,
c(hopMupOBaHHON W3 TEOJOTOB, CEHCMOJIOTOB U
WHXEHEPOB, HALIEJICHHBIX HA aHAJIU3 IPUPOIHBIX
3¢ (dEeKTOB OONBIIOrO YHCIIAa 3eMICTPICCHHUI
no Bcemy wmupy. Ilkama ESI2007 Osina
npunsta INQUA (MexayHapoIHbI — COI03
M0 YEeTBEPTHYHOU Treonornn) Ha cBoeMm XVII

xoHrpecce B Kaupne, Asctpanus B 2007 r.

Onucanue

[lIkana uarencuBnoctu ESI2007 neenaauarubamipbHas. Hazsanue 0aia COOTBETCTBYET CHIIC 3eMJICTPSICEHUS
U pOJNH NPUPOAHBIX dPPeKToB. B onrcanun 6ania BHayale yKa3blBalOTCS MapaMeTpbl EPBUYHBIX MPUPOIHBIX
3 QeKToB. 3aTeM OMUCHIBAIOTCS BTOpUUHBIC 3()(EKThl, HAUYMHAsL ¢ O0IIeH IO X PACIPOCTPAHEHUS, UTO
WCTIOJIb3YETCS JUIsl OLICHKH SIUICHTPAIbHONM MHTEHCHBHOCTU. D(QEeKThl crpynmupoBaHbl MO KaTETOPUSM B
MOPSJIKE WX PAcTpOCTPAaHEHHOCTH. TEKCT, BbIACIEHHBIH KYpCUBOM, YKa3bIBa€T Ha OCHOBHBIE IMAarHOCTUYECKHE
MIPU3HAKHU JJIs JAaHHOTO Oaa.

IlepBuunblie 3 eKThI NPsSIMO CBSI3aHBI C SHEPTUEH 3eMJIETPSACEHUS M C BBHIXOJOM Ha MOBEPXHOCTH Oyara
3emiieTpsiceHusl. BennunHa nepBuuHbIX 3 hekToB 00BIYHO BBIpaXkaeTcsl AByMs mapaMeTpamu: 1) oOmas [jinHa
pa3psiBoB (SRL) u 2) MmakcumanibHoe cMenienue (MD). Kak npaBuiio ux mosiBJieHHE CBSI3aHO C HHTEHCUBHOCTBIO
kak MuauMyM VIII GannoB, 3a MCKIIIOUEHHEM MTPUIIOBEPXHOCTHBIX 3eMJICTPSICCHUI B BYJIKAHHUECKUX OOIACTSIX.
VYuuThIBaeTCS TAKKE BETMYMHA TEKTOHUYECKHUX AeopManuid (TIOJHSITHS M OIyCKaHUS).

BTOQH‘leIe 3gzg!eKTbl — 3TO JIIOOBIE SIBJICHUSI, BBI3BAHHBIC COTPSACCHUAMMU T'PYHTA. Onn CTpynnurpoBaHbl B
BOCEMBb OCHOBHBIX KaTeFOpI/Iﬁ.

a) Tuoponocuueckue anomanuu: B 3Ty KaTErOPUIO BKIIFOYCHBI COOOIIEHMS 00 M3MEHEHHUH JICOUTa UCTOUHUKOB H
PEK, a TaK)KE U3MEHEHUS XUMHUYECKUX U (PU3MUECKUX CBOMCTB IOBEPXHOCTHBIX M TPYHTOBBIX BOJI (HAIIpUMep,
TEeMIIEpaTypa, MyTHOCTh). DTH 3D (EKThI sBIstOTCS AUarHocTuaeckumu ot 1V o X 6amios.

b) Anomanvuble 60NMHBI/UYHAMU: B OTY KATETOPUIO BKIIFOYCHBI CEUIIIH B 3aKPBIThIX 0acCceiHaX, BHIIIICCKUBAHKE
BOJIbI U3 0ACCEHOB W BOJIHBI IlyHaMH. B ciydae IyHaMu, JUarHOCTHYECKOE 3HAYCHHE JaKke OOJIbIIe, YeM
cama BBICOTa BOJIHBI, HIMEIOT (h(ekThl Ha Oeperax (0COOCHHO BBICOTA 3aIlIeCKa, 3po3usl Oepera, U3MEHEHUE
Mopostoruu 6epera). Henb3s Takyke UTHOPUPOBATh BO3ICHCTBHUE IyHAMU Ha 3[aHusI U coopyxeHus. Dddekrt
MOKET HaOonaThest yxe npu 1V 6amnax, Ho sBisieTcs nuarnoctudeckum ot X o XII 6amos.

C) Tpemunbl 6 cpyHme: OIUCBIBAIOTCA B TCPMUHAX JJIMHBL (OT CM 10 HECKOJIbBKHUX COTCH MCTpOB), MU PUHBI (OT
MM 10 M), HHOLHaHHOﬁ IIJIOTHOCTH. TpeLLII/IHLI B I'PYHTC MOSABJIAIOTCA IMPU 1V Gamnax u HaChIATCs (T.C. nux
pa3MEepbI NEPECTAOT paCTI/I) IIpU UHTCHCUBHOCTHU X 0annos.

d) Cknonoevle Oeusicenusa: BKIIOYACT BCE TUIOJOTHUU OIOJ3HEH, BKIIOYAs KaMHEMAIbl U TPSI3EBbIC MOTOKH.
B ouHaKOBBIX JIMTONOTHYECKUX U MOP(OJIOTHUSCKHUX YCIOBUSAX TUATHOCTHUYECKUM IapaMETPOM SIBIISICTCS
o0beM T o0mas miomaas. OHU BO3HUKAIOT npu [V Oaiiax M HacklaroTcs (T.e. UX pa3Mepbl MEPecTaroT
pacTH) Npyu UHTCHCUBHOCTH X 0aJIIOB.

e) Kauanue oepesves: siBnsiercs quarnoctudeckum ot IV o X 6amios. Onpeaesnenus 6ajia mo 3ToMmy Npu3HaKy
OCHOBBIBArOTCsI Ha npeioxkenusx Dengler, McPherson (1993).

f) Pazsrcusricenusn: B OTY KaTCropuro BKIIKOYCHBI IICCYAHLIC BYJIKAHBI, (bOHTaHHpOBaHI/Ie NeCKa 1 BO/Jbl, HCKOTOPHIC
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THUIBI OCeNaHust U oOpylIeHue rpyHTa. VX BennumHa sIBISIETCS AUArHOCTUYECKOW B MHTepBaie oT V 1o X
0aos.

g) Ilvinbnbie obnaxa: MOTYT HaOMIOAATHCS B 3aCYIUIMBBIX/MYCTHIHHBIX 00nacTsax HaunHas ¢ VIII 6amos.

h) Iloobpacwieanue Kamueii: MaKCUMallbHasi BEJTMUMHA MOJOPOIICHHBIX KAMHEH SIBIISIETCS JHArHOCTHYECKOH
JUISL OLICHKU WHTCHCHUBHOCTH. DTO SIBJICHUE HAOIOMAeTCsl kKak MUHUMYM mipu [X Oaiax u Brmoth g0 XII
0ay1oB. CBHUJIETEIILCTBYET B MOJIb3Yy TOTO, YTO JIOKAJIHHO CHJIA TSKECTU MOXKET OBITh MPEBBINICHA HAYMHAS C
IX Gammnos.

[Ipuponusie 3dpdexTsr MOryT HabmIOOATHCS HauWHas ¢ MHTEHcHBHOCTU [V OGamna. Hekotopbie kaTeropuu
MPUPOAHBIX 3PPEKTOB (THAPOIOTUIECKHE AHOMAINK) MOTYT HaOMIOAATHCS U TIPH MEHbILICH HHTEHCHUBHOCTH,

HO OHH HE MOTYT CIIY)KUTb JUAarHOCTHYECKUMH dJIEMEHTaMU. TOYHOCTH OLIEHOK BO3pacTaeT AJIsl BHICIIHMX OaJljIoB,
B YaCTHOCTH, KOTJ]a HAUMHAIOT TOSBIIATHCS MepBUYHbIC AP PexTsl (00braH0 OT VIII 6annoB) — oHu octaroTcs
auarHoctTuyeckumu BIutoTh 10 XII 6ammos. Haunnas ¢ X GanoB 3¢ QeKTbl Ha 3IaHUAX U COOPYKEHHSIX
HACBHILAIOTCS (T.€. 3AaHUS YacTO MOJHOCTBHIO pa3pylleHbl) U MOTOMY HET BO3MOKHOCTH Ha MX OCHOBaHUHU
paznnyath OanabHOCTH. B 9TOM nuanazone npupoaHbie 3G GeKTsl JOMUHUPYIOT ¥ TIOTOMY SIBJISIFOTCS HanboJee
JIEHICTBEHHBIM CPEJICTBOM OLIEHKH MHTEHCHBHOCTH.

Kak nonvzoeamuocs wmuxanou ESI2007

Hcnonb3oBanue mkaisl nHTeHCUBHOCTH ESI2007 Kak caMOCTOSTENIBHOTO CPEACTBA OLIEHKU MHTEHCUBHOCTU
PEKOMEH/IyeTCs JHIIb B CITy4ae, KOT/a, U3-3a HACBIICHHS PEaKIiuy Jitoied 1 9pQEeKTOB Ha 3TaHUAX H COOPYKEHUSIX
b0 WX OTCYTCTBHS, TPUPOAHBIE A(PGEKTHI SBISAIOTCS €IWHCTBEHHBIMH THATHOCTHYECKAMHU IPU3HAKAMHU.
Ecmm xe sddexTb Ha 3MaHUSAX W COOPY)KEHHUSX TakKe JOCTYITHBI, TOTJa CTAHOBUTCS BO3MOXKHBIM OIEHHUTH
WHTEHCUBHOCTH ABYMS HE3aBUCUMBIMHU criocoO0aMu. OOBIYHO, 3aKITIOUMTENbHAS OIIEHKa paBHa OOJBIIEH U3 9THUX
nByx. Ho, pasymeeTrcs, B Takoi CHTyalii OKOHYATEITbHOE PEIICHHE SBISETCS SKCIEPTHBIM.

OnuueHTpanbHas UHTEHCHBHOCTH (I)) 0003HaYaeT MHTEHCUBHOCTh, OTHOCAMIYIOCS K SHMHIEHTPY. Pasmeps
BBIXO/Ia OYara Ha IOBEPXHOCTh M 00IIas IUIONMIaAb PAcIpOCTPaHEHHUS BTOPHUYHBIX dPPEKTOB (OMOI3HU H/WITH
Pa3KIKEHHS) SBIAIOTCA BYMsS HE3aBHCHMBIMM IapaMeTpaMu [Uls OLEHKH || HaunHas ¢ mHTeHCHBHOCTH VII
6ayutoB (Tabmmma 2.1).

Oco0yr0 OCTOPOKHOCTh CIICAYET COOOIATh, KOIJa MapaMeTpbl BhIXOJa Ovara Ha MOBEPXHOCTh HAXOATCS
BOJNM3HM MOTPAHUYHOTO 3HAUCHHS MEXY JBYMS COCEINHHUMHM Oajuiamu. B Takom ciydae ciiemyer BbIOparh TO
3HaueHWe Oallia, KOTOpOe HAWIYYIIMM 00pa3oM COmIacyeTcs ¢ OOlIeH IUIOMAAbI0 MPOSBICHHUS BTOPHUYHBIX
a¢dexroB. Ompenenss oOUIYI0 TUIOMAAL BTOPHYHBIX I (EKTOB HE CieAyeT BKIIOYATh B OILEHKY OTIEIHHO
OTCTOSIIIUE U30IHPOBAHHBIC PPEKTHI B JalibHEN 30HE. DTa OlEHKA OCHOBBIBACTCS HA IKCIIEPTHOM 3aKITIOUCHHH.

JlokayibHasi KHTEHCUBHOCTh B OCHOBHOM OIIPEACIISICTCS TI0 ONMUCAHUSAM BTOPHYHBIX 3(PQeKkToB Ha
«TUIOIIA/IKaX», KOTOPBIC MPUHAJIC)KAT TAHHOMY «ITYHKTY». OlIeHeHHasi TAKMM 00pa3oM HHTEHCUBHOCTh
JIOJDKHA COOTBETCTBOBATH OICHKAM JIOKAJIbHOH WHTEHCHUBHOCTH C HCITOJIB30BAHHEM TPATUIIMOHHBIX IITKa,
WCTIONB3YOIINX JUISA JUATHOCTHUKH TToBpexaeHus. CrenyeT oOpaTuTh BHUMaHUE Ha

TO, YTO IIYHKT» MOXET OTHOCHUTCS KaK K HACEICHHOMY IyHKTY (I€peBHS WJIM TOpPOI), TaK U K MPHUPOTHOMY
00BEKTy, Ha KOTOPOM OTCYTCTBYIOT »kmiuina. Korma enmwHCTBeHHas AOCTymHas WH(OpMAIUs MpeacTaBiIeHa
MIePBUYHBIME 3P PEKTaMH, JTIOKaTbHAsI HHTEHCHUBHOCTH MOKET OBITH OTPE/IeICHa Ha OCHOBAHIH MaKCHMaJILHOTO
CMEICHHS.
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Tabn. 2.1 - Uumepesanvt napamempos nosepxHOCHMHbIX pa3pbléos (nepsudble dpdhexnmot) u munudHvle 8eIUdURbl NIOUAOU

(6mopuunbvie d¢hhexmul) st COOMBEMCMBYIOUUX OATLI0E UHMEHCUBHOCTIU.

IMEPBUYHBIE 2ODPEKTbI BTOPNUYHBIE DO®EKTbI
IO JUTMHA TIOBEPXHOCTHbIX MAX CMEILIEHUE / OBIIAS TUIOLIATb
PA3PLIBOB JED®OPMALIMA
v - - -
V - - -
VI - - -
VII * *) 10 x”
VI COTHU METPOB CaHTUMETPOBLIE 100 km?
IX 1-10km 5-40cm 1000 km?
X 10 - 60 xkm 40 - 300 cm 5000 xm?
X1 60 — 150 ku 300 ~700 cm 10000 km?
X1 > 150 kM > 700 cm > 50000 km?

(*) OrpaHuycHHBIC TOBEPXHOCTHBIC PA3PHIBBI B ICCSTKU U COTHA METPOB JTMHOM C CAHTUMETPOBBIMU CMEIIICHUSMH 110 HIUM
MOTYT BO3HHMKATh B CIIy4ae MPUIOBEPXHOCTHBIX OYAroB 3eMJIETPSICEHUH B BYJTKaHUYECKUX 00IACTIX.

OmnpenesieHusi rpaganuii MKaJIbI

Ot I o 111 6amioB: npupoaHBIX Y3PPEKTOB, MIPUTOIHBIX IS OLICHKA HHTCHCHUBHOCTH, HET.

IV - HHIUPOKO HABJIKOJAEMOE - nosipasitorcs nepsbie siBHble IPUPOAHbIe 3G PeKkThI

Ilepsuunvie 2¢hhpexmor OTCYTCTBYIOT

Bropuunsie addexTor:

a)

b)

e)

V —

Penko JOKaIbHO OTMEYAIOTCs HEOOJIbIIME BapUALMK YPOBHS BOJBI B KOJOJIAX W/WIIK Je0MTa MCTOYHHKOB, a TAKKE
KpaiiHe peaKo — HeOOJbIre BapHalu (PU3UKO-XUMHUYECKHX CBOUCTB BOJBI U MIOMYTHEHHE MCTOYHHMKOB, OCOOEHHO B
KPYIHBIX KAPCTOBBIX MIPOBHHIIMSX, KOTOPBIE, BUANMO, HaOOJIEe MOABEPIKEHBI ATOMY SIBIICHHUIO.

B 3akpeIThIX BoJjOEMaXx (03epax U IaKe MOPSX) MOT'YT Pa3BUBAThCs CEHMIIM BHICOTOU HE 00JI€e HECKOIBKMX CAHTUMETPOB,
OOBIYHO PETUCTPUPYIOTCS TOJBKO MOpeorpadaMu, B UCKIIOUUTEIBHBIX CIydasx MOTYT ObITh 3aMeUeHbl BHU3YaJlbHO,
OOBIYHO B JaJibHEH 30HE CHJIBHBIX 3eMJIETPSCCHUN. AHOMAJIbHBIC BOJHBI OILIYIIAIOT BCE JIFOAU B HEOOJBIIMX JOIKAX,
HEKOTOpbIE — U Ha OOJBIIMX Cy/laX, OONBINHHCTBO — Ha Oepery. Boja B maBarelibHbIX 0acceiHax IUIEIIETCS U HHOTIA
MOYKET BBIIJIECKUBATHCSL.

WHorma MOryT HaOIIONAIOTCS BOJIOCSHbBIE TPEMIMHBI (MUIIMMETPOBOM NIMPHUHBI) B MECTAX, [JI€ JIUTOIOTUs (HAIIPUMED,
PBIXJIbIE AJLTFOBHAJIBHBIE OTJIOKEHHUS, BIIATOHACHIIICHHAS T0YBA) W/WIIH MOPGOIIOTHS (KPyThie CKIIOHBI WITH CEIJIOBUHBI)
HauOoJiee OIArONPHUSITHBI TSI BOSHUKHOBCHHUSI TAKUX SIBJICHUH.

B HMCKIIOYHMTENBHBIX CIIydasixX MOTYT CpBIBATHCS KAaMHH W (P€)aKTHBH3MPOBATHCS HEOOJBIIKE OMOJI3HU BIOJb
CKJIOHOB, KOTOPbIE HAXOJSTCS Ha Mpejiesie YCTOMYMBOCTH, HAPUMED, KPYThIE CKIOHBI M Pa3pe3bl C PHIXJIOH M 4acTo
BJIArOHACHIIIEHHOM MOYBOA.

Betku fepeBbeB ci1ab0 pacKaunBarOTCs.

CUIBHOE - norpanuynsie 3¢ ¢ekTnl B Ipupoae

Ilepsuunvie 2¢ghhpexmpl OTCYTCTBYIOT

Bmopuunvie s¢pghexmor:

a)

Penko j0kaabHO HAOMIOMAOTCS BapUAIlK YPOBHS BOZbBI B KOJOALAX W/WIK 1eOWTa MCTOYHHUKOB, a TAK)KEe HEOOJBbIINE
Bapuanuun (1)I/I3I/IKO—XI/IMI/I‘16CKI/IX CBOMCTB BOABI 1 IOMYTHCHUC BOABI B 03€pax, KOJIOAIAaX U UCTOYHHUKAX.
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b) B 3axpeIThIX Bomoemax (03epax M Ja)xke MOpSIX) MOTYT pa3BHMBAThCsl CEUINN BBICOTOM B JICLIMMETPBI, MHOINA BHIUMbIC
HEBOOPYKCHHBIM IT1a30M 061)I‘IHO B ﬂaﬂbﬂeﬁ 30HE CUJIBHBIX 3eMﬂeTpHCCHHﬁ. AHOMaJ'I])HI)Ie BOJIHBI BEICOTOM 10 HECKOJIBKHUX
JICCSITKOB CAHTHMETPOB OIIYIIAIOT BCE JIFOM B JIOMKAX M Ha Oepery. 3 miaBarenbHbIX 6acCEHHOB BBIMIIECKUBACTCS BOTA.

¢) Tonkue TpenuHb! (MIIIMMETPOBON NIMPHHBI U ATUHON OT HECKOIBKUX CAHTUMETPOB JI0 OJHOTO METpa) HabI0aa0TCs
JIOKAJIbHO B MCCTax, I'IC JIMTOJIOT' U (Haan/IMep, PBIXJIbIC AJUTIOBUAJIBHBIC OTIIOKCHM S, BJIArOHACBIILICHHBIC HO‘{BLI) I/I/I/IJ'II/I
MopGosiorust (CKIOHBI HITH CEJIOBHHBI) HanO0s1ee OJ1aronpusTHBI JIJIsl BOSHUKHOBEHUS TAKHUX SIBIICHUU.

d) Pezu(o MOI'YT BOBHUKATh He60ﬂbﬂll/le KaMHeTiaJbl, OITOJI3HU U I'PA3€BBIC TIOTOKU YaCTO, HO HE OGﬂSaTeHbHO, BIOJIb KPYTBIX
CKJIOHOB, paBHOBECHE KOTOPBIX 6.]'11/131(0 K Op€acJIbHOMY, ITTaBHBIM 06pa30M, B PBIXJIBIX OTJIOKCHUAX U BHaFOHaCLIIJleHHOI‘/II
rouBe. MoryT BO3HHMKaTh MOJIBOJHBIE OIOJ3HHU, KOTOPbIE 00pa3yloT HEOOJIbIINE aHOMAJIbHBIE BOJHBI B MPUOPEIKHBIX
o0JacTsx Mopei u 03ep.

e) BerBu nepeBbeB 1 KyCTapHHUKHU c1a00 Ka4aloTcs, B PEKUX CIydasiX MaJatoT OTMEpPIINE BETKH U CIiesible PPYKTHI.

f) B HCKIIOUHTENBHO PEIKUX CiIydasix COOOIIACTCS O padKiKeHWH (TecuaHble BOPOHKH) HEOOJNBIIOrO pa3Mepa U B
obacTsix HauboJee MOIBEPIKEHHBIX ATOMY SIBIICHHIO (PBIXJIbIE AJIIFOBUAIbHBIC MIIM TIPHOPEXKHBIE OTIIOKESHUS, BBICOKUI
YPOBEHb I'PYHTOBBIX BOJ).

VI - CJEI'KUMHU INOBPEXJIEHUSAMM! — ymepenHble NpupoaHbie 3pPeKThI
Iepsuunvle s¢hgpexmpl OTCYTCTBYIOT

Bmopuunvie s¢ppexmor:

a) JIOKaJbHO OTMEYAIOTCS 3HAYMTEIILHBIE BAPUAIIMK YPOBHS BOJBI B KOJIO/IIAX W/WIK 1e0MTa HCTOYHUKOB, a TAKIKE
HeOOJIbIINE BAPHAIIMHA XUMHKO-(PH3MYECKUX CBOMCTB BOJIBI U MIOMYTHEHHE €€ B 03€Pax, HCTOYHMKAX U KOJO/IAX.

b) AHOMaJIbHBIE BOJTHBI BBICOTOH B JI€CATKH CAHTHMETPOB 3aJIMBAIOT OrPaHUYEHHbIE yUacTKU 0113 Oepera. M3 maBaTenbHbIX
0acceiiHOB, HEOOJIBIINX TIPYIOB U 0ACCEHHOB BBIIIICCKMBAETCS BOJIA.

C) B peokux cryuasx paspoiébl WUPUHOU 8 MULIUMEMPbL — CAHMUMEMPbL U OTUHOU 00 HECKOTbKUX MEMPO8 HAOIIOOAIOMCS 6
POIXTBIX ALTIOGUATLHBIX OMJIOAICCHUSX U/UNU B0 GIALOHACLIULCHHBIX SPYHINAX, 8006 KPYMbIX CKIOHO8 WU 800/Ib PEUHO20
bepeea onu docmueaiom 1 — 2 cm 6 wupuny. Hebonvuioe Konuuecmeo MeIKux mpeuwuHox pazeusaemecs Ha 00poeax ¢
nokpwimuem (acganom unu OYIbI’CHUK).

d) Bo3HHKAOT KaMHemaasl U OMON3HH 00beMOM OKono 10°M® 0COGEHHO B MeCTax, IJie COCTOSHHE PaBHOBECHS OIH3KO
K MpeaebHOMY, HAllPUMEpP, Ha KPYThIX CKIOHAX M paspe3ax ¢ PhIXJIOW BOJOHACBHIIIEHHON MOYBOM WJIM C CHIBHO
BBIBETPEJIBIMHU/TPELIMHOBATHIMU CKAILHBIME TIOPOaMHU. BO3ZHUKAIOT TOBOIHBIE OMOI3HH, HHOTA 00pa3yst HeOobIIme
AQHOMAJIbHBIE BOJIHBI B IPUOPEXKHBIX paloOHAX MOPEH U 03€ep, 0OBIYHO XOPOIIIO BUAHBI HA HHCTPYMEHTAIBHBIX 3aIHUCSX.

e) JlepeBbsi M KyCThl pACKauMBAIOTCSI OT YMEPEHHOIO JI0 CHJIBHOTO. B peaKux Ciiydasx BEpXYIIKH JEPEBHEB M OTMEPIINE
BETKH MOT'YT JIOMAaThCsI U MajaTh, 4TO 3aBUCHUT TAK)KE OT MOPOJIbI J€PEBA, €r0 COCTOSHUS M HATPY)KEHHOCTH TIOJAMH.

f) B pedkux cayuasx coobujaemcs 0 pazicudceHusx (necuamvie 60POHKU) HEOONbUO20 pAZMepa 8 Mecmax Haubolee

NOOBEPIHCEHHBIX IMOMY AGNEHUIO (DLIXIbLE ALIIOGUATLHBLE ULU NPUOPEIICHBLE OMILONCEHUS], BLICOKULL YPOBEHD SDVHIMOBLIX
600)

VIl - C IOBPEXJIEHUSAMM — 3ameTHble npupoaHble 3¢ ¢eKThI

Iepsuunvle >¢hpexmvl HAOAIONAIOTCS KpaiHE PEIKO W TOYTH HCKIIOUUTENBHO B BYJIKaHMYECKHX OOnactiax. Moryr
BO3HHMKATh HEOOJIBIINE MOBEPXHOCTHBIC Pa3pbIBbI JJIMHON B JICCATKHA M COTHH METPOB C CAHTUMETPOBBIMH CMEIIICHUSMH,
KOTOPBIC CBSI3aHbI C OYCHb HETTYOOKUMH 3eMJICTPSICCHUSMHU.

Bmopuunvie apghexmer: Obmas miomans nopsaka 10 kv?,

a) JIokanbHO OmMeuaromces CyujecmeeHHble 6PeMeHHble 8apuayull ypoeHs 600bl 8 KOIOOYAX u/unu 0ebuma UCmoyHUKoS.
Peoxo nebonvuiue ucmouHuKu Mo2ym 8pemeHHo 8bICbIXamb Ui B03HUKAMb. JIOKabHO omMmeyaromes ciabvle sapuayuu
XUMUKO-DUBUYECKUX CBOUICTNE 600bL U NOMYMHEHUE €€ 8 03ePaxX, UCOYHUKAX U KOTOOYAX.

b) AHOMaJibHBIC BOJHBI BBICOTOW CBBIIIC METPAa MOTYT 3aJMBaTh HEOOJbIINE MPUOPEIKHBIC YIACTKUA U MOBPEIKIATH U
CMBIBaTh 00BEKTHI PA3JIMYHOTO pa3Mepa. Bojaa MOXKET BBIIIIICCKUBATHCS U3 HEOOBIINX 0ACCEHHOB U KaHAJIOB.

c) Habmooaiomes mpewunvt wupunou 5 — 10 cm u O1uHOU 00 COMHU MemMpPO8 OObIYHO 8 PbIXIbIX ALIOSUALLHbIX
OMIOINCEHUAX U/UNU BNACOHACLIWEHHBIX 2PYHINAX, Pedce 8 CYXUX NECKAX, NeCUaHO-2NUHUCIIBIX U STUHUCTBIX SPYHMAX
Maxaice O3HUKAIOM paszpulébl wupunoti 0o 1. Canmumemposvle mpeuwjunsl 00bI4HbL HA 00PO2AX C NOKpuImMuem (acganvm
UU OYIBINCHUK).

d) Bo3HuKaoOT OTHC/IbHBIC OIOJI3HHM B MECTaX C HEYCTOHYMBBIM paBHOBeCHEM (KPYThIC CKIIOHBI U3 PBIXJIBIX/
BJIArOHACKIIICHHBIX TIOYB) MEKIY TeM Kak HEOOJbIINEe KaMHEMa bl YaCTO BO3HUKAIOT HA KPYThIX yTecaX, ckajmax. Mx
pasmep HHOTa MOXKeT ObITh 3HauuTebHbIM (103 — 10° M?); B CyXuX meckax, B eCYaHO-TTMHUCTBIX ¥ TMHUCTBIX TPYHTAX
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obseM 00braHO gocturaet 100 M. PasphiBbl, OMON3HM M KaMHEMAIbl MOBPEKIAIOT Oepera pek, MPUYaibl U BHIEMKH
(HampuMep, Kapbepbl U JOPOXKHBIE Pa3pe3bl) B PHIXJIBIX 0CAJIKaX MIIH BBIBETPEIBIX/TPEIMHOBATHIX CKaJIbHBIX MOPO/IAX.
MoryT BO3HHKATh 3HAYUTEIIBHBIC TTOIBOJHBIC OIOJI3HH, 00pas3ylone aHOMaJbHbIC BOJHBI B MPUOPEKHBIX paifoHax
MoOpeii 1 03ep, HEMOCPEICTBEHHO OIyII[aeMbIe JTIObMHU B JIOJIKAX U B TaBaHsIX.
e) JlepeBbs M KyCThI JHEPTUYHO KAaualOTCs; B IECHBIX MACCHBaX MHOTHE BETBU U BEPXYIIKH JICPEBHEB JIOMAIOTCA M MA1AI0T.
f)  Peoko coobwaemces o passicudicenusix ¢ 00pazosanuem necuansix 60poHok ouamempom 50 cm 6 obnacmsix, Haubonee
NO0BEPHCEHHBIX IMOMY ABNEHUIO (C8excue ANNI0BUANTbHbIE OMIIONHCEHUS, BbICOKULL YPOBEHb SPYHIOBLIX 600).

VIl - C CWIBHBIMHU NOBPEXJIEHUSAMM - O6mupHble npupoaHbie 3 phexTn

[lepsuunvie 3¢pghexmpl.; HAOTIOTAIOTCS PEIKO.

Iosepxnocmuvle paspuvlgsl (8bIX00 04a2a) MO2ym OOCMUSANb HECKOIbKO COMEH Mempos CO CMEUeHUIMU NO HeMy He
NPeGLIULAIOUWUMU HECKOTLKO CM, OCOOEHHO 05l O4eHb He2yOOKUX 04a208, KAK 6 §yiKaHuyeckux obnacmsx. Texmonuueckoe
HOOHsIMUEe UL ONYCKAHUE OOCMULAC MAKCUMYM HECKONbKO CM.

Bmopuunvie s¢pgpexmor: O61mast mroma s mopsaka 100 km?,

a) Memnsercst (0OBIYHO BPEMEHHO) J€OMT MCTOYHMKOB W/HIIM MECTO BbIXoJa. HekoTopbie HEOONbIINEe HCTOYHUKH MOTYT
Jlake BHICOXHYTh. HaOumoaercst u3MeHeHne ypoBHs BOJbI B Konofuax. HaOmonarorces: HeOosblime Bapraiu (Gpu3nKo-
XMMHUYECKUX CBOMCTB BOJbI (4Yallle BCEro TeMIlepaTypbl) B HCTOYHUKAX W/HMJIM KoJoauax. MoxkeT HaOIroaaTbes
MOMYTHEHHE BOJIbI B 3aKPBIThIX OacceiiHax, pekax, KOJO/Iax 1 NCTOYHMKaX. JIoKanbHO HAOMIOA0TCsl AIMAHAIMH r'a3a,
4acTo C COJIEPIKAHMEM CEPBI.

b) AmnHomasibHBIC BOJHBI 10 1-2 M BBICOTOM 3aJIMBAIOT MPUOPEIKHBIC PAWOHBI U MOT'YT MOBPEKIATH MIIA CMBIBaTh OOBEKTHI
pasnuuHbIX pazmepoB. HaOmromaercst mojMbIB Oepera M OTKJIaJbIBAHME MYCOpa BJIOJb IUISDKEH, I/ie KYCThl U Jae
HeOOoJIbIINE JIEPEBbsi MOT'YT OBITh COPBaHbI C MECT W IepeMelieHbl. Boja ¢ CHIION BBIIUIECKUBACTCS M3 HEOOJBIINX
OGaccelfHOB U KaHAJIOB.

C) OO6bluHO 6 PHIXTBIX ALTIOGUATBHBIX OMIONCCHUSX U/ UTU 61A2OHACHIUCHHBIX NOYEAX GO3HUKAIOM mpewunsl 00 50 cm
WUPUHOU U COMHU MEMPO8 8 OTUHY, 8 PEOKUX CAYYASX mpewunvl 00 1 cm HaAbAIOOAIOMCS 8 CYXOM CKATLHOM 2pYyHMme.
O0bIYHO BOZHUKATOM OeyUMemposble mpewjulbl Ha 00po2ax ¢ NOKpvimuem (acarom unu OVIAbIJICHUK), a makaice
HebonbuiUe CKIAOKU COABTUBAHIUSL.

d) Ilupoko pacmpocTpaHeHbl MHOTOYHCIEHHBIE OMOJI3HM OT HeOOoabmMX 10 yMmMepeHHbXx (10° — 10° M3); B ToM umcie
(peaKo) Ha MOJIOTUX CKJIOHAX; B MECTaX HEYCTOMYMBBIX CKIIOHOB (KPYTbIe CKIIOHBI PHIXJIbIe/BO0-HACHIILICHHBIE TIOYBbI;
KPYTBIE YTECHI K OEperoBbie CKabl) MX pasmep MoxeT gocturarh (10° — 10° m*). Omon3HU HHOTIA MOTYT 3ampyXUBaTh
y3KHE JIOJIMHBI, CO3/1aBasi BpEMEHHBIC MM J[a)ke TOCTOsIHHbIE 03epa. HaOmroqatoTest TpeiHbl, OMOJI3aHUs U OTPBIBBI
Ha Oeperax peKk U HMCKYCCTBEHHBIX BbIeMKax (Harpumep, AOPOXKHBbIC pa3pe3bl U Kapbepbl) B PHIXJIBIX OCAJKaX WA
BBIBETPEIIBIX/TPEIIMHOBATHIX CKAIBHBIX TOPOAax. YacTo BOSHUKAIOT MOJIBO/IHBIE OMOJI3HH B IPHOPEKHBIX paifloHaX.

e) Jepesvs snepeuuno Kauaiomes, 10MaOmcs u nadaom 6emeu, 0epeso MONCem GbiPpbleambCsl ¢ KOPHEM, 0CODEHHO HA
KpYMbIX CKIOHAX.

f) B 3asucumocmu om JOKATbHBIX YCAOBUL 8 INUYEHMPATLHOU 0OAACMU Y4aACO MO2YM HAOII0OAMbCA PAHCUNCEHUSA,
Haubonee munuynvle dQhdexmol: necyanvie GOpouKu 00 Im 6 duamempe, onmanuposanue 800bl, LOKAIUZ0BAHHBLE
yuacmku OOK08020 cOasIUBAHUA U ONYCKaHus (onyckanue 00 30 cm) ¢ obpazosanuem mpewjur napaiienbHuvix Gponmy
6000l (peunvle bepeea, KanaIvl, MOPCKOU bepee).

9) B cyxux paiionax snuyenmpanbHotl 001aAcm MO2ym NOOHUMAMbCS KYObl NbLIU.

h) Kamun n nake HeOONbIINE BaTyHBI, a TAKXKE CTBOJBI ICPEBBEB MOTYT OBITH MOAOPOIICHBI BBEPX, OCTABIISAS TUITHYHBIC
OTHEYATKH B MSTKOM TPYHTE.

IX - PASPYIIUTEJIBHOE — Ilpupoaubie 3p)peKThI IBJIAIOTCS HCTOUHUKOM 3HAYNTEIbHOM
ONACHOCTH U CTAHOBATCS BA’KHBIMH /1J151 OleHKU HHTEHCHBHOCTH

Tepsuunvie 2¢hpexmupi: HAOMIOTAIOTCS TIOBCEMECTHO.
TlosepxrHocmuvle paspwisvl (6b1X00 ouaea) Mo2ym 0OCMueanms HECKOIbKO KUTOMEMPO8 0ObIUHO CO CMEWeHUAMU N0 HUM
NOPAOKA HeCKOMbKUX cM. Tekmonuueckoe noousamue unu onycKanue 00Cmuaen MaKCumym HecKOIbKux om.

Bmopuunvie s¢hgpexmer: O61mas mwiomams nopsaka 1000 xkm?,
a) Bnauumenvro mensemcs (00bIUHO 6PeMEHHO) 0eOUm UCTOYHUKOS U/l MeCmo 6bixo0d. Mcmounuku cpedne2o pasmepa
moeym gvicvixams. QObIUHO HADIIOOAIOMCA BPEeMEHHble 8apuayuu YposHs 600bl 8 Konooyax. Habnwooaromea sapuayuu



b)

c)

d)
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PUBUKO-XUMUHECKUX CBOUCME 800bL, Hauje 6ce20 — MeMnepamypbl, 6 UCMOYHUKAx u/unu konooyax. Habmooaromes
IMaAHAYUU 2a3a 0OBIYHO C COOEPIUCAHUEM CePbl, KYCMbL U MPABA 8 30He IMAHAYUU MOSYI C2OPAb.

Ob6pasyiomces memposbvlie 80HbL 8 CMOAYeEl U meKyuell 6o0e. B notimennvix 00NUHAX peduHble NOMOKU MO2YI MEHANb
PYCo, 8 MOM Hucie uz-3a meKmoHuiecko2o onyckauus. Hebonvuue baccetinol mozym gvicvixamo. B 3asucumocmu om
penveda OHa u bepe206oll IUHUU YYHAMU MOXNCEm 00CMU2AMb NPUOPENCHOU NOJLOCHL C 8bICOMOUL 3aNAeCKA 8 HeCKONIbKO
Mempos, 3anusast obuwuprvle yuacmiu. LLIupoxo pacnpocmpanenst noomvie u 0OmMKIAObIEAHUE MYCOPA 800Ib NIAICEL,
20e Kycmul U 0epegbsi Mo2ym Oblmb COPEAHbL € MECH U NePeMeleHbl.

OObIUHO 8 PLIXTBIX ALTIOBUATLHBIX OMLONCEHUAX U/UTU BIACOHACHIUEHHBIX NOY8AX 8O3HUKArom mpeuyurvl 0o 100 cm
WUPUHOTU U COMHU MEMPO8 8 OIUHY; 8 MEepoom cpyHme - 0010 cm. Snauumenvuvie mpewunvl Ha O00PO2ax ¢ NOKPLIMUEM
(acghanom wnu OYILINCHUK), @ MaKdice HeboIbUUe CKIAOKU COAGTUBAHUSL.

Ononsnegule s181eHUs WUPOKO PACIPOCIPAHEHbL, 0AXCe HA NOTOSUX CKIOHAX, 8 HEYCMOUYUBLIX MeCMax (Kpymblie CKIOHbI
C PLIXTIbIMU / 8IACOHACHIUEHHBIMU NOYBAMU, KPYIble CKAIbL U Depe2osbie Ymecl) Yacmo OHU Mo2ym 0ocmueams obvemda
10°4m3 unoeoa dasice 10° M. Ononsnu mocym sanpysicueams y3kue 0OIUHbL, 06PA3YSL 6PEMEHHbIe U 0adice NOCMOSHHbIE
ozepa. Yacmo obpywaromes peunvie bepeaa, UCKYCCMBEHHbLe HADEPeICHbLE U 8bleMKU (OOPOICHBLE PA3PE3bl U KApbepbl).
Jlepegvs dHepeUYHO pACKAYUBAIOMCA, 6eMEU U1 MOHKUE CHIBOIbl Yacmo aomaromes u naoaom. Hekomopvle Oepeguvs
MO2Ym 8bIPBLIBAMBCS C KOPHEM U ONPOKUObIBAINbCS, 8 0COOEHHOCMU HA KPYMbIX CKIOHAX.

f) Yacmo eosnuxaiom pasocudicenus u 6viOpoc 600vl. Haubonee munuumvie s¢hgpexmul: necuamnvie kpamepwvl 00 3 M 6

ouamempe, QOHMAHUPOBAHUE cMosiuell 800bl, YACMbl 58NeHUs ODOK08020 COABIUBAHUS U ONYCKaHUs (onyckanue 0o 30
cM), ¢ 0bpazosaHuem mpeuwjut napaiielbHsix (poumy 00vl (peunvie bepeea, KAHAIbl, MOPCKOU bepez2).

B cyxux paifoHax MOTyT OIXHUMATHCS KIyObl IBLIH.

Hebonvume eanynvt u cmsonst 0epesves mocym ovims nH00OpouLensl 8 8030YX U COBUHYMbL HA MEMPbL OM HAYANLHO20
NONONCEHUSL, OCMAGISSL MUNUYHBLE OMNEYAMKU 8 MACKOM SDYHIME, YN0 MAKICE 3A6UCUM OM Yalld CKIOHA U OKAMAHHOCUL

X — OYEHbD PASPYHIUTEJIBHOE - IIpupoausbie 3¢ (eKThbl CTAHOBATCHA BeIYLIHM HCTOYHHMKOM
3HAYUTEJIbHON ONACHOCTH U CTAHOBATCS BA’KHBIMM /1JI51 OLICHKU HHTEHCUBHOCTH

Tepsuunvie s¢hghexmol CTAaHOBATCS BEAYIIHIMHU.

Boixoo ouaza na Nno6EePXHOCNtb npocmupaenicsil Ha HECKO/IbKO 0ecsamKo8 Km co CMeweHuAMuU om 0ecamKos

CcM 00 HeCKONbKUX MmMenmpoe. Bosnuxkarom cpasumayuorHHbvle 2pa6€Hbl Uu nponidtiCeHnvle denpeccuu; 07151 O4eHb
HeZJZy6OK'ux 3€MﬂempﬂC€HulZ 6 BVJIKAHUYeCKUXx ooracmsx OnuHa paspsvlea moancem ObIMb HAMHO20 MeHbULe.
Texmonuueckoe noousimue uiu onycKanue docmuzaem MAKCUMYM HECKOTIbKO Menpoe.

Bmopuunvie agppexmor: Obwasn niowads nopsaoka 5000 km?.

a)

b)

¢)

d)

€)

Y MHOTMX HCTOYHHKOB CYIIECTBEHHO MEHSETCS JeOUT M/MIM MecTo BbIXoaa. HekoTopble MCTOUHUKH BPEMEHHO
WIN TTOCTOSIHHO Mcye3atoT. OOBIMHO HAOIIOAI0TCsl BpEMEHHBIE BapHALMK YPOBHS BOJIBI B KOJIOJIaX. 3HAYNTEIbHBIC
Bapualui XUMHUKO-(QU3NYECKUX CBOICTB BOJBI, 4Yallle BCErO TEMIIEPaTypbl, B MCTOYHHMKAX M Kojoxmax. Yacto
HaOII0Mal0TCA MOMYTHEHHE BOIBI JaXke B OONBIINX OacceiHax, pekax, KOJOAIaX M MCTOYHHMKax. Habmromarorcs
SMaHalMK ra3a 00bIYHO C COJIEPIKAHUEM CEpBbl, KYCThI ¥ TPaBa B 30HE AIMaHAIIMH MOTYT CrOpaTh.

Bosnukatom memposble 80Hbl 0adice 8 DONbUUX 03ePax U PeKax, KOmopule 8blnaecKugaiomes uz pycei. B notimennvix
OONUHAX PeKU MO2Ym MEHANMb C80e MeueHuUe, 6PEMEHHO U NOCMOSHHO, 8 MOM YUCTe U U3-3d MEeKMOHUYECKO20
onyckanus. Mozym noaeisamucs uau blcuixams daccelinvl. B sasucumocmu om penvegha ona u 6epecosoil tunul 8bicoma
3aniecka yyHamu npeeviuiaem Sm, 3amonias niocKue Y4acmyu na mulCauu Mempos 6 cmopony cyuiu. Hebonvuiue
8ANYHbL MO2YM OblMb COGUHYMbL HA MHO2Ue Mempbl. [Lupoko pacnpocmpanensvl asienus enyOuUHHOU 3po3uu 8001b
bepe20s, umo eedem K 3aMemHOMY UsMeHeHuIo bepe20602o npoduis. [lepesvs 60nusu bepeaa 8bipbl8arOMcst ¢ KOPHEM
u yHocamcs.

Yacmo nossnaiomesa suaiowue mpewunsl Wupunol boiee Im u OIUHOU COMHU MEMPO8 2NAGHBIM 00PA30M 8 PbIXIbIX
ANTOBUATLHBIX OMIIOACEHUAX U/UNU 80 G1A20HACHIUJEHHBIX NOYBAX; 8 MEePObIX NOPOOax packpvimue oocmueaen
HEeCKOMbKUX OM. Bosnukaom wupokue mpeuwjuHsl Ha 00po2ax ¢ NoKpvlmuem (acanvm uiu OYIbI’CHUK), a MaKice
CKNIAOKU COABIUBAHUS.

Ioumu He3a8uUCUMO 0OM COCMOAHUSL PABHOBECUSL CKIIOHOB YACHO BO3HUKAION OOWUPHbBIE ONON3HU U KaMHenaovl (> 107
- 10° M%), obpasys epemennvle uiu nocmosuusie 3anpyonsie ozepa. Peunvie 6epeaa, nabepedsicuvie u mecma 8bleMoK
06b1uHO 0b6pywaromces. JJamobvl u 3emiAHble NAOMUHbL MOZYM Cepbe3Ho nocmpadamv. B Oepecosoii 30me uacmor
Kpynuvie no080OHbIe ONOJIZHU.

Hepesvsi snepeuiHo packauueaomces, 6emeu i MoHKue CMeoabl 4acmo aomaromes u nadarom. Hexomopvle Oepesbs
Mo2ym 8bIpbI8AMbCSL ¢ KOPHEM U ONPOKUOBIEAMbCA.
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f)  Paszoicudsicenue ¢ ghonmanuposanuem 800bl u 0OpyuLeHUe SPYHING MO2YM USMEHUMb 610 MECIHOCTU, NECUaHble G)IKAHbL
ouamempom bonee 6m, sepmuKaibHoe onyckanue Gonvuie 1m; 00bluHbL WUPOKUE OIUHHBIE MPEUWUHDBL, O3HUKIUUE U3-3d
BOK0B020 PaACmANCEHUSL.

g) B cyxux pailoHax MOTYT MOJHUMATHCS KITyObI TTBLTH.

h)  Jaoice na nonocux cxnonax Banynwl (Ouamempom Gonee 2-3m) mozym Ovimb HOOOPOULEHBL 8 6030YX U COBUHYMbL HA
COMHU MEMPOG OM HAUATLHO20 NOLOJNCEHUS, OCMAGASL MUNUYHbLE OMNEUAMKU 8 2PYHINE.

X1 - OINYCTOWUTEJIBHOE - Ilpupoansbie 3¢ ¢eKThI CTAHOBATCS PeIIAIIIUMH I/ OLeHKH
UHTEHCHBHOCTH H3-32 HACBIIIECHUS CTPYKTYPHBIX MOBPEKACHUH

Iepsuunvle s¢hpexmpi TOMUHUPYIOT.

Tosepxnocmuule paspolévl npocmupaiomes om oecsimkos 00 bonee wem 100 km, conpososcoascb ROOSUNCKAMU
8 HECKOIbKO Mempos. Bosnuxaiom epasumayuonnvie epabenvi, npomsadiceHHble 0enpeccuu i 6aavl COAIUBAHUSL.
Lpenasicnvie nunuu mozym 66ime 3HAYUMENbHO cMeujensl. 110pa0oK MaKCUMANbHLIX 3HAYEHUL MEeKMOHUYEeCKUX
ONYCKAHUTL UL NOOHAMULL NOBEPXHOCTIU 3eMIU MOJICEm OOCMUSAMb MHO2UX MEMPOS.

Bmopuunvie apghexmor: Obwas nrowadws nopsioxa 10000 km?.

a) MHOTHE HCTOYHHKU CYIIECCTBCHHO MEHSIOT JCOWT W/MIM MECTO BbIXOa. MHOTHE HCTOYHHKH MOTYT BPEMEHHO MU
MOCTOSIHHO BBICHIXaTh. [[0BCEMECTHO HAOMIONAIOTCS BPEMEHHbBIC HITH MIOCTOSHHBIC BAPHAIIMH YPOBHSI BOJIBI B KOJIOAIAX.
Habnromarorcst CHTbHBIC M3MEHEHUsI (PM3UKO-XUMUYECKHX CBOWCTB BOIBI, YAIle BCETO, TEMIEPATYPbl B HCTOYHHKAX
W/uiaM KoJoamax. Boga cTaHOBUTCS OYEHb IPSI3HOW Make B OONMbIIMX OacceifHax, pekax, KOJIOAIaX M HCTOYHHKAX.
Habnromarorest SMaHaIMH ra3a 00BIYHO C COJCPIKAHMEM Cephbl, KYCThI M TPaBa B 30HE IMAHAIIMH MOTYT CrOPaTh.

b) B kpynuuix ozepax u pexax oopasyiomcs 60nbuUe 80IHbI, KOMOPbLE 8bINIECKUBAIOMCS U3 PYCid. B notimennvix donunax
PeKU MO2Ym UBMEHUMb PYCILO 8PEMEHHO UIU ROCTOSHHO, 6 MOM YUCTe NO NPUHUHE MEKMOHUYECKO20 ONYCKAHUS Wil
ononsueu. Moeym obpazosvieamvcs unu ucuesams odoemvl. B 3asucumocmu om penvedpa ona u bepeco6oii tunHuu
BONIHA YYHAMU BLICOMOU MOdICem 0ocmueams 15 m, onycmowas npune2aiowyro cyuty Ha MHo2ue Kuiomempwl. Jaice
Mempogble 8AYHbI MOZYM CMewamvpcs Ha bonvuiue paccmosuus. llpoucxooum enybunnas sposus 60016 bepeea co
BHAUUMENbHLIMU USMEHEeHUSMU Mophonocuu bepeza. /lepesbsi 68 RPUOPEICHOL NOOCE 8bIPEANbL C KOPHEM U YHOCIMCSL HA
bonbuLe PACCOAHUSL.

¢) YacTo BO3HHKAIOT 3HUSIOIINC TPEIIMHBI MIMPUHON HECKOIBKO METPOB, ITABHBIM 00pa30M B PBIXJIBIX AJUTOBHATBHBIX
OTJIOKEHHSIX W/WJIM BJIATOHACHINICHHBIX MMOYBaX. B TBEpAbIX MOpOAax OHM MOTYT AocTurarh 1M. OueHb HIMPOKUE
TPEIIMHBI PA3BUBAIOTCS HA TOPOrax ¢ MOKPHITHEM (ac(habT Wik OyIbDKHUK), & TAK)KE KPYITHBIC CKIAIKH CIABINBAHHUSL.

d) TlouyTn HE3aBHCHMO OT COCTOSHHMSI PABHOBECHsS CKIOHOB YacThl OOIIMpHBIC OMON3HH W KamHemamsl (> 10° - 106 m?),
KOTOpbIe 00pasyroT BpEeMEHHBIC HJIM TIOCTOSHHBIC 3ampyaHbie o3epa. Pedunbie Gepera, HaOepe)KHbIE M MECTa BBIEMOK
00bI4HO 00pymIatoTcs. JIaMObI U 3eMJISIHBIC TIIOTHHBI MOTYT CEPhEe3HO mocTpanarh. CyIeCTBEHHBIC OMON3HNA BOSHHKAOT
Ha paccrostHusX B 200-300 kM ot snuieHTpa. YacTbIMu SBJSIFOTCS KPYITHBIC ITOIBOIHBIC OTIOJI3HU B OEPEroBoii 30He.

e) /[epesvs snepeunoO packavudaiomes, 6emeu u MOHKUEe CMeobl 4acmo JoMaromes u naoaiom. Muozue depegbs mocym
BbIPLIGAMBCSL C KOPHEM U ONPOKUOBIBATNbCSL.

f) PazkwkeHre MeHsSET OOJUK OOIIUPHBIX HU3MEHHBIX TEPPUTOPHI, IPUBO/ISA K BEPTUKAILHOMY OIYCKAHHIO, BO3MOYKHO
MPEBBIMIAIOIIEMY HECKOJIBKO METPOB; MOTYT HaONIOMAThCsh MHOTOYHCIICHHBIC KPYIHBIC MECYaHbIC BYJIKAHBI, CUIBHOC
0OOKOBOC pacCTsKCHUE.

g) B cyxux pailoHax MOTYT MOJHUMATHCS KITyObI TTBLTH.

h)  Jaoice na nonoeux cknonax eanynvl (OUamempom HeCKOIbKO Mempos) Mo2ym Obimb NOOOPOULeHbL 8 6030VX U COBUHYNIbL
Ha bonbuiue paccmosiHusl Om HA4dIbHO20 NOTONCEHUS], OCMAGIISIS. MUNUYHbIE OMNEYAmKU 8 2PVHINE.

XIT - HOJTHOCTBIO OITYCTOWUTEJIBHOE - Ilpupoansbie 3¢ ¢eKThI SIBJASIOTCS
eIMHCTBEHHbIM CPEJICTBOM /U1l OLIEHKH MHTEeHCUBHOCTH

Ilepsuunvle 2¢hghexmol TOMunMpyIoT.

HO@erHocmelepa3pbl6bl npocmuparonicsi KAk MUHUMYM HA HECKOJIbKO COMEHR KUI10OMenpoes, COI’lpO@OOdeaﬂCb
NOOBUIICKAMU 6 HECKONIbKO OeCAmKO8 Mempoes. Bosznuxarom cpasumayuuoOrHnvle 2pa66Hbl, NPOMAINCEHHbLE
()enpeccuu U 6albl COABNUBAHUSL. ﬂpeHanCHble JAUHUU mocym OblMb 3HAYUMENLHO CMeUu{eHnl. Hzmenenus 6
neusaoice u 2@0M0p¢0ﬂ0214u, 6bI36AHHbIE NEPEUHHBIMU 3¢d)el<ma/wu, moeyni oocmu2ame UCKIIOYUMEIbHBIX
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pasmepos (MunuyHvl npumMepvl NOOHAMUS UYL ONYCKAHUL OEPecosblX TUHULL HA HECKOIbKO MEmpos, Nossienue
WU UCUE3HOBEHUE U3 BUOY CYIUeCMBEHHbIX AIEMEHMO8 Neu3aica, U3MeHeHUs pyCia peK, 00pazo8anue 6000nados,
00pazosanue u ucuesHogenue o3ep).

Bmopuunvie apgpexmor: Obwas nnowade nopsioxa 50000 km? u bonee.

a)

b)

©)

d)

e)

MHOTHEe MCTOYHHMKH CYIIECTBEHHO MEHSIOT JeOMT M/WJIM MECTO BBIXO/1a. MHOTHME MCTOYHHMKH MOTYT BPEMEHHO WIIN
MIOCTOSTHHO BBICHIXaTh. [loBceMecTHO HaOMIOIAIOTCsl BpEMEHHBIE MITH MTOCTOSHHBIC BAPHAIMK YPOBHSI BOJBI B KOJIOZIIAX.
HaOmonarorest cuiibHbIe M3MEHEHUS (PU3UKO-XMMHUYECKHX CBOMCTB BOJIBI, Yallle BCEro, TEMIIEPAaTypbl B UCTOYHUKAX
n/wim konoauax. Boga craHOBUTCS O4eHb IpSI3HOM Jake B OONbIIMX OacceifHax, pekax, KOJOJIaX M MCTOYHHKaX.
Haoumonarorest sMaHamm rasa 00ObIYHO € COJCPIKAaHUEM CEepbl, KYCThI U TpaBa B 30HE SMaHAIMU MOTYT CTOPETh
Obpasylomes eueanmckue 60HbL 8 KPYNHbIX 03epax U peKax, Komopbvle GuinJecKueaiomcs u3 pycia. B notimennvix
O00NUHAX PeKU MO2YIN USMEHUTNb PYCILO BPEMEHHO UL HOCTNOSHHO, 8 MOM YUce NO NPUYUHE MEKIMOHUYECKO20 ONYCKAHU
unu onoasueil. Mozym obpazoevieamucs unu ucuesams Kpyntvie 6000emvl. B sasucumocmu om penvea ona u bepezosoi
JUHUY 8ONIHA YYHAMU BbICOMOU HECKONILKO OECAMKO8 MEMPO8 Modcem 00Cmuzamy bepead, onycmoulas npunecaufyio
cywty na muoeue xunomempul. Kpynnvie eanynvt mozym cmewjamuvcs na bonvuiue paccmosnus. Ipoucxooum enyounnas
9po31s 8001b Depeaa ¢ Ype3sblualinbIMU UsMeHeHUAMY Mopgonozuu bepeza. [lepesbs 6 npuOPENCcHoll nooce 8blpE8aHbsl
€ KOpHeM U YHOCAMCA Ha bonvuiue paccmoanus. Bee kamepa cpbleaiomes ¢ akopsa U GbIHOCAMCA HA CYWY HA OOTbULOM
yoanenuu. Beex nooeli 6ne nomewenus cmvieaen.

Bo3HMKaIOT 3MsIONIME TPELMHBI, JOCTUTAIOIINE B IIUPUHY IM M Oojiee B KOPEHHBIX MOpoAax u 10 10 M B PBIXJIBIX
QJUTIOBHANIBHBIX OTJIIOKEHUSIX H/WITH BO BIIAarOHACKIIIICHHBIX T04YBaX. OHU MOTY T IPOCTHPATHCS Ha HECKOJIBKO KHIIOMETPOB. .
[MouT HE3aBUCHUMO OT COCTOSHHSI PABHOBECHS CKJIIOHOB YacThl OOLIMPHBIC OMOJ3HU M KamHenaasl (> 105 - 10° M?),
KOTOpbIe 00pa3yloT BpeMEHHbIE MJIM ITOCTOSHHBIC 3alpyaHble o3epa. Peunbie Oepera, HaOepeKHbIE U MECTa BBIEMOK
obpymratorcs. JlaMObl M 3eMIISTHBIC IDIOTHMHBI MOTYT Cepbe3HO noctpanarh. CylecTBEHHBIC OIOI3HH BO3HHKAIOT Ha
paccrostHusix 6omnee uem 200-300 kM ot snmeHTpa. YacTsl KpyHbIE OBOAHBIC ONOJI3HU B OEperoBoii 30He.

JlepeBbsi SHEPrUYHO PACKaYMBAIOTCS, BETBU M TOHKHE JIEPEBbsI YacTO JIOMAIOTCS M MajaroT. MHOTHE JepeBbsi MOTYT
BBIPBIBATHCS C KOPHEM U ONPOKH/IBIBATHCS.

PazkmkeHnne MeHsieT OOJAMK OOIIMPHBIX HHU3MEHHBIX TEPPUTOPUI, TPHUBOAS K BEPTUKAJIBHOMY OITyCKaHHIO,
MIPEBBIIIAIOIIEMY HECKOJIBKO METPOB; MOTYT HaOJIOAaThCss MHOTOYHCIICHHBIE KPYIIHBIEC MECYaHbIe BYIIKAHbI, CHIILHOE
OOKOBOE pacTsKECHHE.

B cyxux paiioHax MOTYT OJHUMATHCS KITyObI TIBLTH.

Hasice na ouenv nonocux cKioHax ouensb Oonvuiue 6anyHbl MOZym 0binb NOOOPOUIEHbl 8 6030YX U COBUHYMbL HA OONbULUE

PACCmMOARUSL OM HAYATbHO20 NOJIONHCEHUS, OCMABIAA MUNUYHblE omnevuamKu 6 cpyHme.



Mem. Descr. Carta Geol. D’lt.
XCVII (2015), pp. 85-94
tab. 1

2.8. - H pokpoociopiki] kiipoakao évraong ESI 2007 (Greek)

TransLATED: PAPATHANASSIOU G. (1), PAVLIDES S. (1)

Eicayoyn

H extipnon tg poxpooelopuikng £viaong
Baciletal oty ta&vounon kat fabuovouncn
NG ENLOPAONG TOV GUVETELDV UL0G GELCUIKNG
d6vnong otov avBpwmo, 610 AVOPOTOYEVES
nepfdriov (KTiplo KOl VTOOOUEG) KOl GTO
evokd mepifdirov  (meptPailoviikég M
YEOAOYIKEG EMTTM®OELS). Avt 1M €vtaon
amoteAlel Hlo TOPAUETPO TEPLYPOUOPNG TNG
OPLUVTNTAC/GPOOPOTNTAS TOL GEIGHOV KOl
EKTIHATOL AapPBAVOVTOGS VTOYT TIG EMTTOGELS
1060 TOV SVVOUIK®OV OGO KOl TOV GTOTIKOV
TOPALOPPOCEDV.

Ot pokpooelokés KAIpokeg €vtoomg
(Rossi-Forel, = Mercalli, MCS, MSK,
Mercalli Modified) Aappfdvovv vrdyn tovg
TIG OUVEMELEG €VOG GEWGHOD GTO PULGLKO
nepPAALOV ®G OlYyVOGTIKG oTolyeia yia
mv a&lordynomn tov Pabpov g évtacmnc.
AvtiBétwg, oplouéveg oOyypoves KAIPLOKES
(e.g., Espinosa et alii, 1976a; 1976b;
GRUNTHAL, 1998), AauPdvovv vrdyn tovg
HOVAYO TIS EMATMOOEL GTOV AvOpoTO Kot
o100 avlpomoyevéc dounpévo meptPaAlov Kot
EAAYIGTOTOLOVV TNV dOloyveoTiky oéio Tov
TEPPOALOVTIKOV eMNTOCE®MV, Pacilopeveg
otv vndbeon OTL OVTEC Ol EMUMITAOGELS
elvar egvpetdPfinrteg, tuyoieg kol actabeig.

Qot660, TpoOcpateg peréteg (e.g. DENGLER
& McPHERSON, 1993; SErvA, 1994, DowRIcK,
1996; Esposito et alii, 1997; Hancox et
al, 2002; MicuerTi et alii, 2004) édei&av
OTL TO YOPUKTNPLOTIKA TOV YEOAOYIKOV
Kol TEPIPAALOVIIKOV — EMATOCEOV,  TO
omoia. oNUEPA UmOpPOVV  vo  avoaktnHodv
amd 10TOPIKEG KOl  TAAOLOCELGLOAOYIKEC
mY£EG, amotelobV o POCIK Kol 0LGLOON
TANpogopia yio TNV ektipnon tov peyébovg
NG GEIGUIKNG 0OVNONG KOl TPOTAVI®V TNG
£VToomngG.

Me ovtov tov okomd, onuovpyndnke m
nopkocetouikn kiipako EST 2007 (MICHETTI
et alii, 2007) n omnoio PBaociletar poévo oTig
neplfoarioviikég emmtooels. H ypnon g,
OV 1 6€ GLVOVOCUO [LE KAmTota GAAN KATpaKO
Olvel po o GaIpikn €1KOVO TOL GEVOPIOV
™G OEIGUIKNG 00vnong, O10TL povayo ot
TEPIPOALOVTIKEG EMMTMOOELS EMLTPETOVY TNV
KOTAAANAN oGOYKPLON TNG HOKPOGEIGUIKNG
£vtoong 1060:

* 010 ypoOvo: Ol ENUMTMOOCEL OTO (PUVGIKO
neplfariov  elval  cuykpioweg yoo  pio
YPOVIKN TEPIOd0 (MPOGPATY, 1OTOPIKN Kol
TOAOLOGEIGIKE YEYOVOTA) TOAD peyaAdTepn
amd TV TEPIOO0 UE EVOPYUVEG KATAYPOPES

(1) Department of Geology, Aristotle University of Thessaloniki, Greece
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(Tedevtaiog armvac)

*  0€ OLOPOPETIKES PEWYPOPIKES TEPLOYES: O TEPIPAAAOVTIKES EMTTOGELS dev ennpedlovton and
EL01IKEG KOWVOVIKO-01KOVOULKES GUVONKEG 1) S10POPETIKEG KOTOUGKEVAGTIKEG TPUAKTIKES

[Tovtd to AOYo, 1 Vvéa KAlpoKo o©TOYEVEL OTNV OTASLOKN OVAUEIEN TOV VTOAPYOVIOV
LOKPOCEICUIKOV KAUAK®OV EVTOONG:

* Toosiopikn évraon peyardtepn 1 ion pe X, dtavn ektipnon pe féon tig inéc 6TIg KATOOKEVES
etvar eEalpeTikd dVGKOAN VA 01 TEPIPAAALOVTIKESG EMATMOCELG UTOPOVV VO EKTIUNOOVV

e Xg& 0pPOLOKATOIKNUEVES TEPLOYES, OOV Ol EMATMOGELS 6TO doUNUEVO TTePIPaAiov anovotdlovv
Kot £To1 M ekTipnon g éviaong npénet va npoypatonombel facilopevn otic meptPariloviikég
EMMTAOCELS, 01 0OTOoieg elval o1 Lovadlkoil d1a0EGIHOL 1Y VIOGTIKOL TOPAYOVTEG

H neprypaoen tov Babuodv g €vtaong TpokOTTEL Amd TNV Avabe® PG TOL TPAYULATOTOINONKE
and po d1efvn opdda amoteAoVpEV amd YEOAOYOVLS, GEIGHOAOYOVG Kol UNYOVIKODG TOV
EMKEVTIPOONKAV OTIC EMATMOOELS MOV TPOKANONKAV and CEICUKES SOVNGELS GE TOYKOGULO
eninedo. H ESI 2007 esmkvpodnke oand tv INQUA (International Union for Quaternary
Research) oto XVII cuvédplo g évoong mov mpaypatomodnke otnv moOAn Cairns ng
Avotpaiiog o 2007.

Leprypapij

H «Apoaxa ESI 2007 givat dopunuévn o dmodeka Babuovg. Xtov titho kabe Babuod éviaong
eKQPAleTOL N OPLUVTNTA TOL GEWGHOV Kal TO uéEyeboc tov mepifailoviik®v emntocemv. Katd
TNV TEPLYPAPT, TO XAPOUKTNPLOTIKA KOl TO HEYEDOC TOV TPOTOYEVOV EMATOCEMV AVAPEPOVTAL
otV apyn kabe Pabpov. 'Eneita, ot devtepoyevelc emMnTOGELS TEPLYPAQOVTOL GE GYEON UE
TN GLUVOALKN TEPLOYN ELPAVIGNG TOLS Yo TNV EKTIUNON TNG EMIKEVIPIKNG €VIAONG, 1 OTOoid
opadomoteital og d1aQopeg Katnyopies, Onmc opiletat and Tov apyikd Babuod tov yeyovotog. To
LOPQOTOMUEVO LE TAAYLO YPAUOT KEILEVO XPNGIULOTOLEITAL Y10 VO ODGEL ELPACT] OE TEPLYPAPEG
0l 0Ol UTOPOVV VO YPNOIULOTOINO0VV G OMOKAEIGTIKOL d10YVOGTIKOL TOpayovTEG Yoo £val
ovYyKeKpLHEVO Pabpd éviaongc.

01 _mpwToyevelc smMATAGEIS €1vOl GE AUECT GLVAPTNGCT HE TNV EVEPYELD TOL GEIGUOL KO
TPOTAVTOV LE TNV EMLPAVELNKT EKONAOON TNG GEIGHOYOVOL TNYNG. To néyebog TV TpwTOYEVAOV
EMATOCEWV TLUTIKA eKQPAleTol Pe VO TAPAUETPOVG: 1) TO GLVOMKO UNKOG TOV ETLPOVELNKO
iyvoug tov prypatog (SRL, Total Surface Rupture Length) kot i1) tn péyiotn petatdémon (MD,
Maximum Displacement). H ep@dvion tovg cuvnOmc cuvoEetor te fiol EAAYLOTN TIUN TG £VIAONG
(VIII), eKkTOC TOV TEPMTOCE®Y EMPAVEINKDOV GEIGUOV GE NOAULGTEINKES TEPLOYES. Tar TocoTIKG
YOPOKTNPIOTIKA TNG TEKTOVIKNG EMPAVELNKNG Topapdpemons (avdywon, tomeivoon; uplift,
subsidence) Aappdvovtal exiong voy.

Qc devtepoyeveic emaT@ ol yopokTpilovtol EKEIva TO QUVOUEVA TOV TPOKAAOVVTAL ATd TNV
edakn| Kivnomn kot Ta&tvopoHviol 6 OKT® KOPLES KATNYOpPieg

a) Yopoyswioyikés avoualics: otnv katnyopia avt) meprypapoviol HeTAPOAEG 6TV TOPOYN
TOV TNYOV Kol TOTOUOV KOO emiong Kol HETAPOAEC OTIG QUOIKO-YNUIKEG 1O10TNTEG TOV
EMPAVELOKAOV KOl LTOYEW®V LOATOV (T.y. Beppokpacio, BoAdtTnTa). AVLTEC Ol EMATAOGEL
mopatnpovvtol o€ evracelg and IV g X.

B) Avwupalics etov kvuatioud/ Tsunamis: otnv Katnyopio avty mepthappdvovtatr oavopeva
OTMOG KVUOTIGUOC 0€ KAEIOTEG AEKAVEG, VIEPYEIALOT VEPOL 0 MIGiveg Kol AeKAveS KaOMC
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eniong kot tsunamis. Xty tedevtoio mepintoon, Ta tsunamis, g S1yvmOTIKOL ToPAYOVTEG
BewpoHval Kupimg o1 EMTTOGELS TOL KOUATOS 0T1G aKTES (BAB0C 16y dpNONG TNV EVOOYDPO.,
dPpwon mapariog, aArayéc oy mapaktio popeoroyin) ywpig PePaimg va ayvoodvral 1
eniOpOOT GTOV AVOPWOTO KAl GTI KOATAOKEVEG.

v) Edagikés drappileis: o1 edapikéc dtoppnéelg meptypapovtat pe faon to puKog tovg (amod
cm péypt ekatovtdoes pétpa), TAGTog (amd MM £mg M) Kot TukvOTNTA 6TO Y®PO. O1 £daPIKES
dwppnéelg mapatnpovvial oe gvidoelg and IV kot dwautnpovvtor otabepéc oe péyebog
(kopecuoc) oe évracmn fabpov X.

0) Aetoyices mpavav: oty Katnyopio avtn tepthapufdvovial OAol o1 TOTOL TOV KaToMoONGeE®V
CUUTEPIAOUPAVOUEVOV TOV KATATTOGE®V, OAGHNcE®V Kol €d0Qk®V pomv. Otav To
ABoroy1Kd Kot Lop@oAOY1KO TACIGLO ivat TapOUO10 TOTE 0 OYKOS KOl TO EUPadO TG TEPLOYNG
ATOTELOVV TIG SL0YVOOTIKES TAPAUETPOVS. AVTEC O EMATMOCELS TAPATNPOVVTAL GE £VIACT ATO
IV kot dratnpovv to péyebog tovg otabepod oe Evraon Pabuov X.

€) TALAVTWGH JEVTPWV: QVTEG Ol EMATOOCELS Topatnpovvtol o€ gvidoelg and IV éog X. H
weptypoen tTov Babuov g évtaong ovolaotikd akoAovOel tovg onpocievpuévoug Padpoig
évtaong tov Dengler ka1t McPherson (1993).

) @aivoueva peveromoinong: ce ALTHV TNV KOTNyopia TEPILAUPAVOVTOL QUVOUEVE KOVOV
KOL NQUOTEI®V AUUOV, 0VAdLOT VEPOD KAl AUUMIOVS DAIKOD Kol OPIGUEVOL TOTTOL TAEVPIKNG
eEdmioong, ocvvilnong kot kabilnong. Xapaktnpifovv evtacelg fabuov V éwg X

M) 6UVYVepa 6KOVNG: TOPOTNPOVVIAL GE TEPLOYEG He ENPO KAipa oe Babud évtaong peyardtepo
and VIII

0) avamionen Ppaywv: to péyioto pnéyebog tov Pphywv anotedel H10yVOGTIKO TOPAYOVTO
Yo TNV eKTiuNnomn TG £€vtaong kat mapatnpovvial € eviaoelg ano [X péypr XII. Tétora
eotvopeva mapatnpovviol o€ BEcelg OTOV 01 £3aQIKEC emTAYVVOELS elval HeYaADTEPES

¢ PapvnTog.

Ot mepifarhovTikég emmTOGELS Tapatnpovvial kot yapaktnpilovv gvtacelg Poabpov
peyoadlvtepov tov IV, Mepwoi koatnyopieg meptfparioviik®v emat®cenv (VOPOAOYIKEG
avoporieg) eivar dvvatd va moapoatnpnbovv akdpo Kol e yYaunAotepovs Pabuovg Eviaomng
aALG OeV LTOPOHV VA XOPAKTNPLOTOVV MG dtoyvmotikd ototyeio. H akpifeia otnv agloddynon
™G €vTaomng av&avel 6Tovg HeyoAvtepovg Pfabuovg, kol cvykekpipuéva ce BEcelg TapaTnpnong
TPOTOYEVAOV EMANTOGE®V (cVVNOwG o evtacelg peyarvtepeg tov VII), éwg kar évraon XII.
Ye évtaom PeYaALTEPN TOL X, Ol EMATAOCELS 0TO avOpwmoyevég dounuévo meptPariov Kat
oToVg avlpodmovg dev pumopovv va xpnotporonfovv KabmSc o1 KATAoKEVEG £xovV GLVNOW®G
OAOKANPOTIKA KOoTAoTPAQEL (KOPEGHOS) Kol Yo avtd TO AOY0 dev eival dvvatny 1 dlaKplon
petald d10popeTikdV Babudv £éviaong. Xe avtqv TV TePITTOON, 01 TEPIPAAALOVTIIKEG EMTTMOCELG
KVPLopyovV Kot Y10 avTd amoTeA0VV TO O ATOTEAECHATIKO gpyareio yio tnv aSloldynon g
EVtaong.

Il ag va ypyoeuoronjeete Ty klipaxa ESI 2007

H ypnowonoinon g pakpooeicuikng kiipoakoag ESI oc¢ éva aveEaptnrto epyaieio yio v
EKTIUNOM ™G €VTOONG TPOTEIVETAL OTIC TEPIMTAOGELS €kelveg OTOV povAya ol TeEPIPAALOVTIKEG
EMMTOGEL LTOPOVV Vo ¥PNOIHOTOM B0V dayveoTIKA KAOdG 01 EXMTOGEL GTOV AVOP®OTO Kot
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oto avOpwmoyevég dounpuévo mepiPdAlov ival eite avenapkelc i€ KOPEGUEVES. LTNV TEPITTOON
OV 01 TEAEVTAIEG EMTTAOGELS LTOPOVV VoL AN@OoHV vToyn Kat va a&lohAoynBobv, Tote eivat duvatn
N ektiunon 0Vo aveApTNTOV TILAOV HOKPOCSEICUIKNG éviaons. H teluc Tiun éviaong 0a ioodton
pe v vymAdtepn Tiun peta&d tov 0vo ektiuncewv. Ilpopavdg, 6e AVTEG TIC TEPUTTMOOELS, M
yvoun kot n epnelpio evog 101kob eivat amapaitntm

H emkevipwkn évtaon (Io) dnAdver tnv €vtacmn g d6vnong 6€ avTiotolyio e TO ENIKEVTPO.
Ot mapauetpol mov oyetifovral pe Ta YOPOKTNPLOTIKA TNG EMLPAVELNKNG EKONAMONG TOL
0e1GHLOYOVOL PNYUOTOG KAOMS MGG KOL 1] GUVOALKY] £€KTOON TNG KATAVOUNS TOV OEVTEPOYEVDV
eawopéveov (katolobnoelg, pevotomomoelg) eivar emiong ave&aptnto epyoieio mov
ypNolpomotoHvTal yra TNV ektipnon g lo pe faon ta neptfarlovtikd gavopeva, e opetnpia
tov Babpo évraong VII (Ilivakag 2.1).

[d1oitepn mpocoyn mpémel va 600el GTIC TEPMTMOGELS EKEIVEC OOV TO YOPAKTNPLOTIKA TNG
EMLPAVELOKNG EKONAMCNG TOL GEIWCHOYOVOL pNyHatog tomobetovvtar oto Oplo petald dov0
Babumv évtaong. e avtv TV mepintwon, Oo wpémel vo emdeyel ekeivn n TN TG €vVTaong
oV PPIoKETOL GE CLUPMVIO PE TO YOUPOKTNPIOTIKA KOl TNV €KTOON EUQAVIONG OELTEPOYEVMV
emmtocewv. Eniong, katd tnv a&lohdynon g €viaons g GLVOMKNG TEPLOYNGS, CLVICTATOL VOl
UMV GUUTEPIAAUPAVOVTOL ATOLOVMOUEVES TAPATPNOELS PALVOUEVOV GTO HOKPIVO TEDdi0. e aVTNV
Vv dedtkacio agloldynong eniong Bempeitor ovoLOONG N YVOUN EVOS E101KOV.

H tomikn évtacn a&loloyeitor kvpimg Ot HEGOL TNG TEPLYPUPNG TOV OEVTEPOYEVAOV
EMATOGEOV TOL AapPdvouv yopa oe dtopopetikéc «Bécegy mov Ppiokoviar péoco ce pia
«tomoBecion. AvT N TIUN TG €vtaong TPENEL va cVYKPLOel pe TNV avTicTolyn TOTIKN £viacn
n omoia exktiunOnke pe Baon tic nuiéc. Ipocoyn Ba mpénel va d00eil otov dpo «tomobecion
0 0mo10¢ avaPEPETAL TOGO Y10 KATOIKNUEVES TEPLOYES (TOAN, Y®PLO) OGO KOl Y0 YE®YPOUPUKEG
neployég ympig v VIaPEN Katolknuévov ektdoewv. Otav ce pia 6Eon TapatnpovVTAL LOVAY
TPOTOYEVEIC eEMNTM®OELS TOTE Umopel va ypnotponombel to péyebog g HEYIGTNG HETATOTIONG
NG TOTMIKNG EMLPOAVELAKNG O1EpPNENG.

[Tiv. 2.1 - diaxduaven wopopeTpmy eTIPavEIOKnS EKONAWTNS TOV GEIGUOYOVOD PHYLOTOS (TPWTOYEVEIS EMITTWOELS) KA.
wéyebog ovvolikng éxtaong (dsvtepoyevayv emmtwoewv) yio kabe fobuo éviaong

MNPQTOI'ENEIX EINIINTQEIEIX AEYTEPOI'ENEIX
lo EIIIIITOQXEIX
MO ey S I MUANE syNoatkH ETATH
v - - -
V - - -
VI - - -
VII *) *) 10 km?
VI APpKETEG EKOTOVTASEG HETPOL EKOTOGTOMETPOL 100 km?
1X 1- 10 km 5-40cm 1000 km?
X 10 - 60 km 40 - 300 cm 5000 km?
X1 60 — 150 km 300 —700 cm 10000 km?
X1 > 150 km > 700 cm >50000 km®

(*) mepropiopéveg emeavelakég SlappnEELS, SEKAOMY MG EKATOVIAdMY HETPMY PAKOVG KOl EKATOOT®V petatoniong (offset)
UTopovV va Topatnpnlovy Kot OVGLOGTIKA Vo GuvOEDoHV LE EMPOVELONKOVES GEIGHOVG OE PULGTELNKES TEPLOXES
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Opiouds tns évraoig

Ano 1 é¢mg III: Agv mpokarovvtol TEPIPAALOVIIKEG EMMATAOGELS Ol OMOIEC VO UTOPOVV V.
xpNoomomBovv g dlayvemoTikol ototyeia

IV - Apketd arwoOntiog cewopdg / lipdtes co@eic emntOoels 6t0 mwePLfparrov

[potoyeveig emmtdoglg anovsidlovy

AEVTEPOYEVEIC EMTTAOCELS

a)

B)

Y)

)

£)

V -

Kotaypdoovtot pikpéc petaforég otn otabun tov vepov ce Tnyddio Kau/1 oTnV Tapoy Tydv, Kabog eniong
Kot e€opeTikd omavia HKPEG LETAPBOAEG TOV PLOIKO-YNUIKAV 1310THTOV TOL vEPOD Kot BoAdTnTa TOv vEPOD
oTIg MNYEG Kol oTO MNYadia, €8Kd o€ mnyég mov PBpickovial 6 HEYAAN KOPOTIKA CULOTHHOTO, TO OTOoid
BepovVTAL OC TA TLO EMPPENN GE TETOLN QAVOUEVO.

Kvpoatiopdg oe khetotéc hekdveg (AMpveg) pe Hyog LEPIKDOV EKUTOCTMOV, GLVHOWOG TOPOTNPEITOL ®G TAAPPOLAKD
KOpO, 10®G 0patoOG pe YOUVO HatL, cuvilmg o6To pakpivo medio and 1oyvpovg celopovs. Ot avopoiisg otov
KOHOTIGUO yivovTol avTIANTTEG amd OAOVLG TOVG avOpdmovg mov emifoivovv ce pikpd mAoia, €AGyLGTOLG
og pueyoAvTEpO mhoia, oyedov and OAovg otnv akth. ToAdvimon vepov ce miciveg Kol icmg mapatnpnbel
vrepyeidon.

Poyuég pe avorypa ylitootov icwmg mepiotaciakd mapatnpnbovv ce 0écelg emippeneic AOY® ABoroyiog
(xohapéc arlrovProkég amobécelg, kopeopuéva €6aen) Ko/ Aoy popeoroyiag (mpavn)

Kot’e&aipeon, katantdoelg Ppayov kot pikpég katolobnoelg icmg gvepyomonbodv ce mpovh to omoia
Bpiokovtal oe oplakn tooppomnia (evotdbetn), m.y. OTOTONN TPOVT] LE YOAOPA KOL YEVIKA KOPEGUEVH £6GON

AcBevic TaAdvToon TOV KAASLOV TOV SEVIPp®V

Ioyvpog oeropog/ Pacikég emntdocels 6to mepLfpdiiov

[potoyeveig emmtdoglg anovsidlovy

AEVTEPOYEVEIC EMTTAOCELS

a)

B)

Y)

)

0)

Kotaypdoovtat petaforég otn otddun tov vepod oe mnyddio Kavn oTnv mTapoyn TNymv, kabdg eriong Kat
HIKPEC LETAPOAEC TOV PUGIKO-YTUIK®V 1O10THTOV TOL VEPOV Kot HOAOTNTA TOV VEPOL GTIG AMUVEG, OTIG TNYEG
Kol 6Ta TNYAdto.

Kvpatiopdg otig AMpveg pe 0Wog eK0TOoTOV, UEPIKEG QOPEC 0paTOG e YOUVO PATL, GTO PaKpvd medio amd
oyvpog oeopovg. Ot avopoiieg G6TOV KLUATIOUO, HE VYOG UEYPL Heplkég OeKAdeg €KATOOTA, YivovTal
avTIMNTTéG amd 6Aovg Tovg avBpmdTovg oL gite emPaivovv oe mAoia gite Pplokovtal otV akty. Yepysilion
veEPOV GE TMGiveg

Poyuég (ne avorypa peyéBovug yilootod Kol apKETOV EKATOGTAOV £MG EVO LETPO HIIKOG) TOTLIKA TAPATPOVVTAL
oe 0éoelg emppeneic Aoy ABoroyiag (xorapég arrovfrokég amobécelg, kopeopéva €d4epn) Kav/n Adyo
noppoiroyiog (mpavi)

Muwkpég kotantdcelg Pplymv, KukAMKEG KatoAloONoelg Kol €6a0IkéG poég icwg cLUPodv, cvuyvd aAld Oyt
anapaitnto Kot UNKOG amdTop®V Tpavedv to omoio Ppiokoviol ce oplakn tcoppomic, Kvpimg yolapég
anobécelg kat kopeopéva €64orn. YmoBordooleg katolobnoelg icwg mpokAinBovv, ot omoieg pmopei va
EMLPEPOVV UIKPEG OVOUOAIEG GTOV KOUOTIGUO € TOopakTieg 0€0€1g BOAUGTOV Kol AUVAV.

KAadid dévipov kat Bapvol Talavt@vovTal ELAEP®OS EVEO oTaVing oM TEcovy Egpd KAAOLE KOl ®PLLO @POoVTa

e eEUIPETIKA OTAVIEG TEPIMTMOGELS KATAYPAPOVTAL ELPAVIGELS PEVGTOTOINGNG (KOVOL GULOV), Hikpo¥ peyébovg
Kot o Bécelg emppeneic oe pevoTomoinon (TEPLOYEG VYNANG EMOEKTIKOTNTOG, TPOCPATEG, OAAOVPLOKES Kat
TOPAKTIEG 0MOOECELS, EMPAVELNKOS VIPOPOPOG 0pilovTac)
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VI - ELa@poc BLomTikOg / péTpreg EMRTAOGELS 6TO TEPLfALLOY

Ipwroyeveic emnrdcelg anovstdalovv

Agvtepoyevelc EMNTAOGELS

@)

)

)

8)

0)

Koataypdgovtal tomikd onpoaviikég petaforég ot otdadun tov vepod o€ anydadio KoU1 GTNV Topoyn mnyov,
KaOmO¢ emiong Kot pKpEG HETUPOAEG TOV PLOIKO-YNUIK®OV 1310THTOV TOV vEPOL Kal HOAATNTA TOV VEPOV GTIG
Apveg, otTig TNYEG KoL 6TO TNYAdLo

Kvpotiopdg otig Alpveg pe dyog dekddmV €KATOGTAOV TPOKUAEL TANUUVPIKG QOIVOUEVO OE TEPLOPLCUEVEG
TEPLOYEG KOVTA OTIG akTEG. Ot OVOUOAIEC GTOV KUUOTIGUO, e VYOG HEYPL LEPIKEG deKAdEG EKOTOOTA, YivovTal
AVTIANTTEG amd OA0VG TOVG avOpdmovg ov gite emPaivovy oe mhoia gite Ppiokovtol otV akth. Yrepyeilion
VEPOV € TMIGIVEG KO LKPEG AMUVES

Poyuég, ue avoryua pueyéfoug y1diootod Ew¢ eKATOOTOV KOl UNKOVS OPKETOV UETPWV TOAPOATHPOVVIOL TE YOAAPES
ollovfiaxés amoBeoels Ko1/f 0 KOPETUEVA E0GPT, KOTG UNKOS OTOTOUMYV TPOVOVY 1 OxBes mOTOUDY UTOPODY VO
pTacovy éwg 1-2 exatoota edpog. Mikpd avoiyuato oynuoatiloviol oe & OPOUOVS EITE ATYPAATOTTPWUEVOVS EITE
ABooTpwTovg.

Katonthoelg Ppaywv kot katoloOnoelg pe 0yko émg 10°m? {cwg mpoxinbovv, kvping oe 0éceig ue oplaxn
ooppoTmia OTMG OMOTOUN TPOVY UE YOAUPE KOPEGUEVH €0APN 1| € TOAD ATOGAOPOUEVOVS / POYHATOUEVOLG
(KatokepUATIOHEVOVS) Ppoyddelg oymuaticpods. Yrnobardooleg katoilobnoelg icmg mpokAnbovdv, ot omoieg
UTOPEL VO ETLOEPOVLY UIKPEG AVOUOAIEG OTOV KVHOTIGNO G€ TapakTieg 001G 01 0moieg GLVVNOWG KATAYPAPOVTAL
gvopyova

Métpieg éwg 10)0PES TAAAVTDOEIS KAOOLDV 0EVIPWY Kal Q0uvwV; (0mE OTATOVY KOl TEGOVY KOPVPES OEVIPWYV KOl
GKPO. KAAOLDV, aVALOYa e TO, E101], TO POPTIO TV PPOVTWY KAl THV WPIUOTHTE. TOVG

Apaiég eupovioels pevatomoinons (kwvor auuov), uikpod ueyéfovg kar oe Géocic emippeneic oty pevoTomOinon
(TEPLOYES DYNANG EMIOEKTIKOTNTOG, TPOTPOATES, AALOVLLAKES Kol TOPOKTIEG ATOOETEIS, EXLPAVEIAKOS VIPOPOPOS
opilovrog)

VII - Bhontikdg / aEl0hoyeg eMRTAOGELS 6TO TEPLPALLOY

[pwroyeveic EMRTOOEIS OTAVIOG TUPATNPOVVTAL, GYEGOV ATOKAEIGTIKA GE NPOLoTEWNKEG Teployés. [leplopiopéveg

eMQavelaKkeEG OtoppnEelg, UNKOVG JekddmV £€m¢ ekaToviAd®V HETpmV pe petotomicels  (offset) peyéBoug
EKATOGTOUETPOV {o®G TapatnpnOodV, e181KA GE TEPIMTOCELS OPKETH EMLPAVELOKDYV CEICUDV

Agvtepoyeveic emmtdoELg: | GLVOAIKY éKTaon NG TAnyeicag meployng eivat g t6éng tov 10km?

a)

)

)

8)

Kotaypdeovtal Tomikd onUovTIKEG TPOc®PIVEG LETABOAEG 6T GTAOUN TOV VEPOD G TNYAdLo KOl/M 6TV Topoyn
mMyov. Zroving, lomng epeaviotodv 1 Enpadodv pikpéc nnyéc. Metaforéc T@V QUGLKO-YNUIKAOV 1310THTOV TOV
vEPOU Kat BOAOTNTO TOV VEPOV OTIC AUVEG, OTIG TNYEC KOl 6T TNYadLo

Kvpotiopdg pe Dyog HeyaAbtepo Tov VO LETPOV TPOKOAEL TANUUVPIKE QAIVOUEVO GE TEPLOPIGUEVEG TAPAKTIES
neployég Kal mpokaiei Muiég oe avtikeipevo mowkilov peyéBovg. Ymepyeihion vepod ce HKPEG AEKAVEG Kl
TAPPOLG

Poyuég, ue avoryua éwg 5-10 ex0t00Ttdv Kol UKOVS EKOTOVIAOWY UETPOV TOPOTHPOVVTIOL KUPIWG O YAAAPES
ollovfiaxés anobéoels kal/l oe Kopeouéva 0691, oTOviwg oe CNpN GUUO, OPYIAOOUUDON KAl OpYLAIKG 000N
owappnleic éwg 1 exatooto evpog. Mikpéc poyués ueyédovg exatootouetpov eivor ovvibeic oe Opouovs eite
AoPOLTOTTP WUEVOVS ElTe L1OOTTPWTOVG.

AlecTappéveg KOTOAMGHNGELG TOPATNPOVVTAL GE EMPPETELG TEPLOYEC OTOV EMIKPATOVV GLVONKEG U 1GOPPOTiag
(amdTopo TPOVT [E YAAOPA/KOPEGUEV EDAPT]) EVD KOTATTOGELS PPay®V AaUPAVOVY YDpa GE OTOTOLA PAPAYYL
kot pavn. To péyeboc tovg eivar onuavtiko (103-10° m?). e Béogig pe Enpn Gupo, opythoappu®dan Kot opytiikd
€0GpnN o dykog givar cvvhBwg peyalvtepog amd 100 m3. Ot dwappnéelg, ol 0MoONGELG KOl 01 KATUTTMOELG {6M¢
EMNPEAGOVY PVOIKG TPAVY TOTAUDV, TEXVNTA AVOYDUATO KOl EKGKAPES 0 Yoiapd 0pata 1 arocadpmuévoug
| poypotopévovg (KAToKEPUATIGHEVOLS) Ppayddels oynuotiopods. Yrmobaldooieg katoModnoelg iocwmg
TPOKANO0VV, EMPEPOVTOC KOUUATO GE TOPUKTIEG BEaE1g BadlacodV Kot AvaV, Ta omoia yivovtal dueca oicOntd
and avOpmdTovg e TAoia Kol oTa MpAvia
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€) Aévipa kot Oduvor tadaviedovtal £vtova; Kuplwg 6€ TUKVEG dUOIKEG TEPLOYEG, KOPVOEG dEVIP®V Kol GKpo
KAOOLOV GTAVE KOl TEPTOVY

) Hapotnpodvror oapaiés eupovioelis pevotomoinone (kwvor ouupov), ue oiguetpo éws 50 exaroorta, oe Géoeig
ETLPPETELS OTN PEVOTOTOINTN (TEPLOYES VYNANG ETLOEKTIKOTNTAGS, TPOGTPATES, GALOVPLOKES KOl TapAKTIES OT0DETEIS,
ETLYAVEIAKOS VOPOPOPOS opilovtag)

VI - Apketd PLOTTIKOG / EKTETAPEVES EMATAOGELS 6TO TEPLPAALOV

[pwtoyeveic eMATOGES GTOVIOG TAPATPOVVTOL.

Emoeaveiokég dtappr&elg tov oetopoydvov piypatog (surface faulting), pnxovg apkeTtdv eK0TOVIAd®V HETPOV LU
petatomioelg (offset) peyébovg ekatootoOpeTpov i6mC TapaTnPNOOVV, E01KE GE TEPTTMOGELS OPKETE EMPUAVELLKDOV
oelop®v. Tektovikn tomelvoon 1 avOymon TG ETQAVELNG LE HEYIOTEG TIUEG TNG TAENG HEPIKDOV EKOTOGTAOV 10MG
noapatnpndovv

Agvtepoyeveic EMMTOGELS: | GLVOAKY éKTaoT TG TANYeioag meployng eivat g tééng tov 100 km?

a) mpocwpvéG cuVNOmG LeTaforéc oTo onpeio €E050V vEPOD KU GTNV Tapoyn TNYDV. iomg Enpabovv pkpég mnyéc.
Awkvpdvoeglg otn otddun tov vepov e tnyadia. Metaforég TMV PUGIKO-YNUIKOV 1310THTOV TOL VEPOV, Kupimg
¢ Beppokpaciag iowg mapatnpnfodv oe Tnyég Ko Tnydadia. BoAGTNTA TOV VEPOD GTIG AIVES, OTIG TNYES KOl GTO
mnyadio. Exmounn agpiov, cuvnbmg Beiovyov, mopatnpeitot Tomkd

B) Kvpoatiopodg pe vwog 1-2 pétpa mpokoiel TANUULPIKE QAIVOUEVO GE TOPAKTIEG TEPLOYES Kol Tpokaiel (Nuég og
molkidov peyéBoug avtikeipeva. Atdfpmon ektdoemv Tapoatnpeital KoTd UKo TV AKTOV OTov BApvotl Kot pkpd
dévtpa pe advvapo cvotnua plov Eepildvovtol Kol HeETaQEPOVTOL LOKPLE. YTepyeilon pe opur] Tov vepol o€
HIKPEC AEKAVES KO TAPPOVS

vY) Poyués, pe avoryuo éwg 50 ek0oTooTA KOI UNKOVS EKOTOVIGOMV UETPOYV TOPATHPOOVIOL KUPIWS OE YOAOPES
ardovfiarés amobéoeig Ko/l oe kopeouévo eoapn. lopatnpodvior drappnceis ueyéfovg dekatoueTpov ae dpouovg
elte AoPALTOTTPWUEVOVS ElTE MBOOTPWTOVS KOOGS EMioNS KOl UIKPES TTVYDGELG A0YW TUUTIETT]G.

d) Extetapéves pikpov émg péoov peyéboug (10°-10° m?) katolchfoelg mopatnpovdvtal o€ EMPPENEic mePLOYES;
onoving iomg mtapatnpnbodv Kol 6 Tpoavn pe opain KAion; 0mov emikpatovv cLvONKeg un woppomias (amdTopo
Tpavh pe yaropd/kopespuéva 36en) AapUBAvovy yxdpo KoTantTdOGES Ppaymy (o€ amdTopa eapayylo Kot TopaKTio
wpavn) kot 1o péyefog Toug Kamoleg popég ivat peydro (105 -106m3 ). KatohoOnoeig ppalovv otevég kothadeg
Kol 160G dNUOVPYNCOVV TPOCOPVES N HoOvVies Apveg. Ot dtappn&ets, ot 0OAGONGELS Kal 01 KATATTAOGELS {GMG
EMMPEAGOVV TIG OYOEg TOTAUDY, TA TEXVNTA AVAXDUOTO KOl TIG EKOKAPES 6€ YoAapd Npata 1 arocadpopuévoug
| poypatopuévoug (KataKepUOTICUEVOLS) Ppax®doelg oynuatiopods. Zvyvég vrobaldooleg katoloOnoelg og
TapaKTieg Bécelg

€) Aévipo talavi@vovior Eviova, KAAOLG [0S OTGEOVY KOl TEGOVY, aKOUO Kol CepIlmuUEVa 0EVIPo, o8 ATOTOUA POV
low¢ Teoovy

C) Hapotnpodvior TOKVES EUPOVITELS PEVOTOTOINGNS OTHV ENXIKEVIPIKY TEPLOYH, AVALOYO. LUE TIC EXLKPATOVTES GOVONKES,
KOVOl Guuov ue o1auetpo éwg 1 uétpo; tomikés misvpikés elomimoeis kor kabilijoeig (éwg 30cm), ue eupavion
PHYUOTDOCEWDY TOPCAAANLOV TPOS TO TAPOLIOKO UETWTO (OxOn ToTOUOD, AlUveS, Kavdlia, aKTH)

)  Ze Enpéc mepioyés, obvvepa akovig IS onKwBovy amo T0 EJaPOS GTHYV ENMIKEVIPIKY TEPIOYN

0) Towg mapatnpnbet avanndnon pikpmdv oykOAMO®V Kol TETPOV Kot KOPUAOV dEVTIPOV, amd TNV omoio dntovpyovvToL
iyvn og polakd £609og

IX - Kotaotpo@ikés / Ov wepfarilovTIiKES EMATAOGELS GVVIGTOUV MLO EKTETONEVY) TTNYN
KLvOUVOU KOl ATOTEAOVY CNUOVTIKY] TOPARETPO Y10 TV EKTiUNON TG EvTOONG

[pwtoyeveic EMRTOCELS TAPATNPOVVTAL.

Anuiovpyodviar edapikés otopphceic (surface faulting), uixovg uepikdv yiliouétpwv ue ustatormiosis (Offsets)
ooviiBwg ueyébouvg apretv exkatootv. Textovikn tameivawon 1§ avowwon TS E00PIKNG EXLPAVELINS UE UEYIOTES TIUES
¢ TOENG UEPLKWDV OEKGUETP WV [6C TopaTHpnBodv.
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Agvtepoyeveic emmntOOEIG: § ovVvodikl éxTaoy e Tinyeioag mepioyic sival g talne twv 1000 km?

a) Ilpoowpivég ovviiOwe uetaflorés otnv mopoyn twv Tnyav koi/1 oty 0séon tovg oe onuovtiko fabud. Towg
EnpoBodv uéoov ueyéBovg mnyég. Ilpoowpivég dioxvuavoeic oty otabun tov vepov o€ TNYAILO. EIVAL KOLVO
yvopiopa. Metofolég Ty puotko-ynuik®V 1010THT®V TOV VEPOD, KUPLWS THS Bepuokpaciog iows wopotnpnbodv
o€ TNYES Kat/N anydoia, olotnta Tov vEPoD oTig Aiuves, aTic TNYES Kal aTo, Tnydoia. Exmounn aepiov, ovviOwg
Berodyov, mapatnpeitol TomiKd Kol (6wS Ka.00V Qduvor kol yopta o ovTéG Ti¢ Béoeig.

B) Kouoationog ue dyog uepikdv UETPwV 1000 08 OKIVITO 000 KGI OE TPEYOVUEVO VEPO. Xe TANUUVPIKES TEOLAOES
lowg ta péuata va oliacovv tnv pon tovg Adyw gdapiknc koldilnons. Mikpés kotdotntes iow¢ eUPavioToDV
N adeigoovv. Tsunamis iowg sioywproovy o& fABog dekdowV UETP@V TNV AKTH TANUULPILOVTOG TIC TEPLOYES
ovtég. Extetauévn Oidfpwon mepioymv kota unkog e mapaliog, omov Oauvor kai 0Evipa umopel vo.
Eep1lwbovv kai vo puetopepBodv puakpia

v) Poyuég, ue dvoryuo éwg 100 ekatootd Kol uKovs EKOTOVIAIMV UETPOV TOPATHPOVVIAL KOPLWG TE YOLAPES
allovfiroxéc anobéoeis kai/n oe kopeouéva edapn. Xe Ppoywodeis oynuotionovg uéyxpr 10 cm. Hapatnpodvral
orappnceis onuavtikov ueyédovg oe dpouovg eite aoPoltootpwuévovg gite ABootpwtovs kabwg exions kai
HIKPES TTUYDOELG A0yw ovumieong.

d) Extetouéves katorioOnoeic mopotnpovVIal 0& ETIPPETELS TEPLOYES KAl OE TPAVI UE OUAAN KAlon, Omov
ETIKPOTOVV GOVONKES UN 160pPOTIaS (ATOTOUO. TPOVH UE XOAAPG/KOPETUEVA €0G.QN, KATOTTWOELIS Bplywv
Aaufovooy ywpo. oe amoTouo. Popayyio Kol TopoKTLo. TPavh) To ueyedog tovg aovibwg givar ugyaio (105m3)
KOl UEPLKES POPES OPKETE, UEYALO (1O6m3), KoarodioOnoeic ppalovy o1evég K0IAGIES KOl [0S ONUIOVPYHGOVY
Tpocwpivég N uoviues Aiuveg. To mpavi otig oyfeg moTtaudv, ta TexVNTo OVOYMOUATO KAl 01 EKOKAPES oVYVE
aoToyovv. Xoyves ueydles vrobaldooies katolioOnoels oe mapaKTIES TEPIOYES.

g) Aévtpa talavtdvovtal Evtova; Kladid kot koppoi d&vipov ovyva omdve Kol té@tovy. Mepikd dévipa iomg
Eepllmbovv kol mEGovV KVPI®G 6€ andTON TPV

Q) Hoapatnpodviar coyveS EUPAVITELS PEVOTOTOINONG KAL AVAOVTT VEPOD, KOVOL GUUOD UE OIGUETPO EMG 3 UETPOL;
ovyvég mlevpikég eConlmwoeis kail kabi{oelg (mepioootepo ano 30cm), (e ELPAVIOH PHYUOTOCEDY TOPCAINADY
TPOG 10 TAPAALOKO ueTtmmo (0yOn mwotauov, Aiuveg, kovaliia, aktn)

n)  Xe &npéc meployés, GLVVEPO GKOVNG ONKAOVOVTOL 0O TO £50.(00G

0) Towg mapatnpnbei ovarnnonon uikpwv oykoAi@wv kol GTACIUO KOPUDYV OEVIPOV KOL UETOKIVIOY UEPLKDV
HETPWV amo v apyikn tovg Béon, kal avdloyo ue tyv kAion tov £0G.90ov¢ (0WS APHTOVY OTOTOTMOUATO, OE
HOLaKko EDapog

X - oAb kotaoTpo@ikog / Ov weP1PailovTIIKES EMATOGELS GLUVIGTOVV TNV KOpLO TNYN
KIVOUVOU KOl 0TOTEAOVV KPIGIUN TOPARETPO VIO TNV EKTIUN OGN TNG £VTOONG

[Ipwtoyeveic eEMRTOGELS KVPLOPYOVV.

H emipaveiaxn ekdnlwon tov pRyuoatos eKTEIVETOL UEPIKES IEKAOES YIAIOUETPOV UE UETATOTLION ATO 0EKGOES
EKATOOTAOV EWGC UEPLKA UETPO. Anuiovpyodvral fvbicuato fapdTnTog Kol eTIUNKEIS OOUES COUTIEONS, 08 OEITUODS
HiKPOD £0TI0KOV LABOVS 0 NYALOTELOKES TEPLOYES TO UNKOG TNG 01appNEng lowe gival opkeTd uikpotepo. Textovikn
kabi{non 1 avowwon s E0OPIKNG EXLYPAVELAS UE UEYIOTES TIUES TNG TALNG UEPIKOV UETPWY (0w Tapatnpndodv

Agvtepoyeveic emnTOOELG: § ovVoAIKI ékTaoy e TAinyeioag mepioyic sival g talne twv 5000 km?

o) INUoVTIKEG HeTaBOAEC 0TV TOPOY TOALDV TNYDV KoM oT0 onpeio €£660v Tov vepoD. Tomg nnyég Enpadovv
npocwpva | povipa. [Ipocwpivég dtokvpdvoeelg otn 6tddun tov vepov e Tnyadia. Metaforég TOV QLGLKO-
YNUIKOV 1010TATOV TOL vEPOD, Kupimg g Oepprokpaciog mapatnpovvtol 6 TNyEG Kal/M tnyddia. AocTopévo
vepo oe peydhec Aekdveg, AMuveg, anyéc kat og mnyadia. Exmoun agpiov, cvvnbwg Oeodyov, topatnpeitot
Kot io®g Kaovy Bapvor kot xopta o€ 0VTEG TIg BéoELg

B) Kovuoatiopnoc pe dwog uepik@dv UETPOV KAl QOIVOUEVO VTEPYEIAIONS 0& UEYAAES Aluves kai motduio .Xe
TANUUOPLKES TEDLGOES TA PEUOTA IOWS VA AALGLODY TNV O1a0pOUI] TOVGS, TPOTWPIVA 1 UOVILLO., AOYW EKTETOUEVIS
edapikng kabilnong. Aekaveg iowg eupaviatodv 1 adeiaoovv. Tsunamis (cw¢ TANGIATOVY 0TV AKTH UE VYOG
WG 5 UETPO KAl EIGYWPHOOVY & ENITEIES TEPLOYES o€ Labog yiliouétpwv, Tlouuvpiloviag Tic TEPIOYES AVTEG.
Mikpoi oykdiifor iowg mapacopBodv yia mwolia uétpa. Extetouévn didfpwon mepioywv kotd unkog tng
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Toporlog, TPokalovias alloonuelwtes UETOLOLES otV akTOYpauul. O0EVIpa Kovtd otnv akth Lepi{ovovial
KOl UETOPEPOVTOL UAKPILE,

Edoapixéc pwyués, pe dvoryuo ueyaldtepo amd 1 pétpo koi Unkovg eKATOVIGOMV UETPOV TOPOATHPOVVTOL
ooy Ve o€ yalopéc allovfiakéc anobéoeic kal/n o Kopeouéva £06.p1. Xe PPpoydIELs oyNUOTICUODS TO GVOLYUO,
TOV poyudyv plaver apketd dexoustpo. Iapatnpodvrar diappnéeic onuaviikod ueyédovg oe dpouovg eite
QoPALTOGTPWUEVOVGS EiTE A1BOTTPWTOVS KAOMDS ETIoNS KAl [UIKPES TTUVYDOELS A0YW COUTIETNG.

ueydlec kartorioOnoeic koi karantwoeis fpdywv (>10°-10° m?) roparnpovvrar coyva avelaptnta and tig
oVVONKES 160pPOTIOS, ONUIOVPYDVTAS TPOCWPIVES 1 UOVIUES @payuotoyevelc Aluves (barrier lakes). To
Tpavi oTic 0xOeg TOTAUDY, TA TEYVITA AVOYDUATO KAl Ol EKOKOPES QOTOYOVV. X0y vEG ueydies vmobaidooies
katolioOnoeic oe mapdxtieg mepioyés (offset).

Aévrpo taloviovoviar évrova, Kladid kair kopuoi 6évipwv ovyva onave kai méptovyv. Mepikd 0évipo. iowg
Eep1lwbovv ka1 méoovv

01 EUPAVIOEIS PEVOTOTOINONG UE AVAOVCT VEPOD KOL 1] TPOKALODUEVH GOUTOKVWON TWV 009DV 0w¢ arlalovy
NV LOPPN TEPLOYDV, KOVOL GUUOD UE OIGUETPO UEYaADTEPN amd 6 uétpa,; Kataxopven uetatomion > 1 uétpo;
UEYAAES KOl ETXIUNKELS PYUOTDOELS AOY® TAEVPIKNG elamAiwong eival avvnbeg poivouevo.

Ye Enpég meployég, GVVVEPQ GKOVNG GNKOVOVTOL 0o TO £60.00G

Avarnonon oykolibwv (diauetpog 2-3 UETPWV) KOL UETAKIVAGN EKATOVIAOWMV UETPOV OTO TNV OPYIKY TOVS
Oéon, axopo kol oe TPOVY HE NTLA KALOH, O.QHVOVTAS OTOTOTOUATO OF UOLAKO EOOPOS

X1 - IoonedoTikOG / O mepIfaAhovTIKES EMATOGELS ATOTEAOVY KAOOPLOTIKO TOpayOVTa Y10
TV eKkTipnon ¢ évraong €€aiTiog TOV KOPEGUOV TOV KOTUCKEVAGTIKAOV AGTOYLOV

IIpwtoyeveig emmnTOGELS KVPLOPYOVV.

To pnKog TV ETMPAVEIAKOD LYVOUS TOV TEIGUOYOVOD PHYUOTOS EKTEIVETOL ATO OPKETEG OEKAOES YIALOUETPWV MG

Kal TEPICOOTEPO amO ek0TO km ue petatomion (offset) éwg apreta uétpa. Anuiovpyovvror Pobicuoto PoapdTntog
Kl EMIUNKELIS OOUES oLUTIETNG. AIKTVO, DOPEVGNG KOI OTOOTPAYYIONS UTOPEL VO, DTOTTOVY (HUIES AOY® OHUAVTIKDY
uetaronioewyv. Tektoviki tameivwon f§ avoywon NG EXIPAVELAS UE UEPIOTES TIUES TNG TAENG WOAADY UETP@V (0WS
rwapatnpnBodv

Agutepoyeveic EMMTOGELS: i) cVVOLIKT ékTacy TS TAnyeioog weployic eivar g taéng twv 10.000 km?

@)

B)

Y)

8)

Inpovtikée petaforég otny mapoyn TOAAGY TNYOV Kou/n oto onpeio €£680v Tov vepol. Towg apketég mnyég
Enpabovv mpoocwpivd 1 povipa. Ilpocwpivéc N HOVIHES SLOKVUAVGELG OTN oTAOUN TOL VEPOL & TTNyadLa.
MetafoAéc TOV PUGIKO-YNUIK®OV 1O10THTO®V TOV VEPOD, KVupimg ¢ Bepprokpaciog mapoatnpodvtol 6 TNyEg Kaum
myadia. [Hopatnpeitar cvyvd Aacnopévo vepd ce peydheg Aekdveg, AMuveg, mnyég kot oe mnyddia. Exmopunn
agpiov, cvviBmg Belovyov, Tapatnpeitatl Kot icmg Kaovv Bduvot kat yopTo og avTég TIg Bécelg

Meydlo kbuoto onuiovpyovvIar e ueyGres ALUVES Kol TOTOUIO KOL TOPATHPODVTAL QPULVOUEVO, DVIEPYEIALONG. Xe
TANUUOPIKES TEOIGOES TO. PEUATA LOWS Vo, aAlalovy TV Topeio. TOVS, TPOTWPIVE 1 UOVIUA, AOY®W EKTETOUEVHS
eoopikng kabilnong kar parvouévaov kotolioOnong. Aeckdves lows gupaviotovv 11 aderaoovv. Tsunamis iowg
TANCLAOOVY OTNY OKTI] UE DWOS [0S KOl TEPLOGOTEPO OTO 15 UETPA, KOI LOOTEODVOVV ETIMEOES TEPLOYES OE
pabog yidiouétpwv. Axoua kar oykorifor iocws wapoovpBodv yio molld uétpa. Extetouévn didfpwon mopaktiwv
TEPLOYADV, TPOKOLOVTAS OC100NUEIWTES UETOLOAES atnv axtoypouur]. Aevipa kovid atnv axti Eepil{dvoviar kol
UETOPEPOVTOL UOKPLO.

Edagukéc poyués, pe Avolypo apKeTOV HETPOV TApATNPOoLVTIOL oVYVA o€ xolopéc ariovPilakés amobfécelg
Ka/M og kopeopéva £8G9Tn. Xe Ppaydoeig oxynuoatiopod to dvorypa Tov poyuodv 0dvel to va pétpo (Im).
Moapatnpovvrat dtappnéelg onUavTikod avoiypotog o€ dpOUOVS €lTe AoPAATOGTPMUEVOLG €iTe MOOGTPOTOVG
KaOMOC eMioNg KOl HIKPEG TTUYDOELS AOY® GLUUTIECTC.

Meydleg katoliobnoceic ko kotoamtwoels Bpiywv (>10°-10° m3) mapatnpodvrar ocvyve avelaptnto omd tig
ovVONKES 100PPOTIOG, ONULOVPYDVTOS TPOTWPIVES 1] HOVIUES PPaYUOTOYEVELS Aluves (barrier lakes). Ta wpavy otig
Oybec moTouU@Y, TO TEYVNTO AVOYDUATO KOL 01 EKOKAPES 0.OTOYODV. AVayduota Kol YwUATIVE QPOyILaTe DPLoTAVTOL
ONUOVTIKES (NuUIES. Xnuavtikés katolioOnoeic umopel va mopotnpnbodv oe emikevipixés anootdaoeis 200-300 km.
2oyvég ueyales vmoaldooies kKOToATONTEIS 0 TOPOKTIES TEPLOYES.
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PAPATHANASSIOU G. - PAVLIDES S.

Aévipo toloviovovral éviovo, KAadia koi kopuol déEvipwyv omwave Kol TEPTovy. Cepi{dVvovTal Kol TEYTOVY

Dorvouevo. pevaTtomoinons aAlalovy ™V HOPPN EKTETOUEVWYV TEIIVAYV EKTATEWYV, OTOL Tapotnpeital kabilnon
OPKETOV UETPMV, TOALES EUPOAVIOEIS NPALTTEIDWV GOV K01 GQOOPES TAEVPIKES ECOTAMDOELG.

e Enpég meployég, cHVVEPU GKOVIG ONKAOVOVTUL OO TO £50.(QOG

Avamnonon ueyorwyv oykolifwv (016UeTPos aPKETAOV HETPOV) KAl UETOKIVIION TOVS amo TNV opyikh Béon, arxoua kal
o€ TPAVN UE NTLO. KALOH, AYHRVOVTOS ATOTOTMUOTE OE UOAOKO E00QOG

X1l - Anérvta IoonedoTikds / O TePailovTIKES EMATOGELS €IVAL TO HOVAOILKO
EPYOALELO VIO TNV EKTIUNON TNG £VTAONG

[Hpotoyeveic emut®oglg KuplapyoHv.

To unKog tov ETLPAVEIOAKOD [YVODS TOV GEIGUOYOVOD PHYUATOS EIVOL TOVAGYITTOV UEPIKES EKATOVTAIES XIALOUETPO.

Kai 1o aiuo (offset) dexades pérpo. Anuiovpyodvrar Pvbicuoto Popdtnrag kor eTIUNKEIS OOUES TOUTIEONS
Torwoypapikés Kal 1 YEOUOPPOAOYVIKES UETOPOAES, 01 0mOies TPOKANONKOV amd TIC TPWTOYEVEIS ETIMTWOEILS,
TOIPVOLY UEYAAES J1ATTATEIS TOGO GE EKTO.0N 000 Kol o€ ueyefog (opakTnploTiKo mapadelyua eivar n avoywon
OKTOYPOUUDY, EUPAVIOT 1 ECO.QPAVIGH OTO TO ORXTIKO TEOIO YOPOKTHPLOTIKDV TOTOYPAPLKDYV OTOLYELWYV, Ollayn
TOPELOS TOTOUMDY, ONUIOVPYIO. KATOPPAKTOV, dnuiovpyio i eCapdvion Aiuvav).

Agvtepoyeveic eEMRTOCELS: 1] oVVOLIKI ékTaon THE TANysicag meployhc eivar g taéne twv 50.000 km? rou

TEPLOCOTEPO

a)

B)

)

5)

£)

ZNuovtikés Hetafoléc atnv mapoxy ToAlov Tnydv Ko/ oto onusio £odov tov vepov. Tows molléc mnyéeg
EnpoBodv mpoowpiva 1 uoviua. Ipoowpivég n uoviues O10KVUGVOEIS 0T oTabun 10V vEPOD o6& THYAILO.
ZNUOVTIKES UETAPOLEC TWV PUOLKO-YNUIKDV IOIOTHTWV TOD VEPOD, KUPLWGS THS Oeplokpaciog Topatnpodvial oe
Tnyéc kat/n Tnyaoia. IHopatnpeitor ooyve Laomwuévo vepo & UEYGLES AEKAVES, AIUVES, TNYES KOL 08 TNYAOLO.
Exmounn aepiov, ovviilwg Berodyov, mapatnpeital kol icws kaovv Bauvor kai xopta oe avtég 11g Oéoeig

Tiydvtia kbpota Onuiovpyovvral o& AUVES KOL TOTOULO. KOI TOPOTHPOVVTOL POLVOUEVO VEEPYEILLONG. 2€
TANUUOPLKES TEOLAOES TO, PEUOTO. AALGLOVY TNV TOPELG TOVS AKOUA KoL TNV KATEDOVVON PpOTS TOVS, TPOTWPLVE,
N uoviua, Aéyw extetausvng ed0opikng kabilnons kot poarvousévav katoliocOnong. Aexdves iocws eupaviotody
N adergoovv. Tsunamis [(6wG TANGLACOVY OTHYV GKTH UE DWOS OPKETMV OEKAOMYV UETPWYV, KOl LGOTEODVODY
eminedeg meployég o€ fabog yiriouétpwv. Meyalor oykoiiBor uetaxivoovial oe peyaleg anootaocels. Extetouévn
oafpwon twv aktv, kat alloonueiwtes uetafoléc oty mopdktioa woppoloyia. Iloild dévipa Lepi{wvovial
Kol ueTapépovtal uokpid. Olo ta aykvpofoinuéve mAoia TopacdpPoOVIal Kol UETAKIVODVIAL TPOS THY EVOOYXWDPO.
oe ueyalec anootaoceig. O1 dvBpwmor oty draibpo dev umopodv va otabovv opbioi

IToAréc €00IKEG POYUESG, HE  AVOLYHO WEYAAVTEPO TOL €VOC HETPOV M KAl TEPLGSOTEPO 6TO LIOPabpo,
Kot teplocotepo and 10 m oe yarapéc alrovPlakés amobéceic Kar/n og kopespuéva €daen. To unKog Tovg
eKTEIVETOL OPKETA YIAOUETPO

Meydles karolioOnoelc kor katantwoeis Ppdywv (>10°-10° m?) wapartnpodvrar ocoyvd avelaptnra amd tig
oVVONKES 100pPOTTIAG, ONULOVPYDVTOS TPOTWPLIVES I LOVIUES ppayuatoyeveic Aiuves (barrier lakes). To wpovi
oT1¢ Oybeg moTaudV, To TEYVNTE AVOXDOUATO KOL 0Ol EKOKOPES AOTOYOVV. AVayduoto kol YwuUaTivo, ppayuato.
VPIOTOVTOL ONUOVTIKES (NUIEG. ZMUOVTIKES KOTOAIGONOEIS TOpPATNPOVVTOL GE ETIKEVIPIKEG OTOCTAOELS
ueyadotepeg twv 200-300 km. Xoyvéc ueyates vmobardooieg katolioOnoels oe TOPOAKTIES TEPLOYES.

Aévtpa tadavtovovtat éviova; Khadtd kot koppoi dévtpov ondve kat té@tovv. IToAld dévtpa Eepildvovtal
Kol TEQPTOVV

) @aivouevo pevoTtomoinong TOPOATNPOVVTOL OE UEYOLES O EKTOON TEPLOYES KoL aALAlovv v uoppoloyia

n
0)

EKTETOUEVOV ETIMEOMV EKTAOEWY, OTOV TOPaTnpeital ko.Oi{non apket@Vv UETP@V, EKTETAUEVES EUPAVIOELS
UEYAAWY NQALOTEIWV GUUOD KAl EKTETOUEVES TPOOPEC TAEVPLKES ECATADOELG.

Xe Enpéc meploy€g, oVVVEQD GKOVNG GNKOVOVTOL ATd TO £30.00G

Avannonon modd peydiov oykdMOwv Kol HeETaKivNGn TOVG amd TNV apyikn 0éorn o6& peydreg AmOGTAGELS,
OKOUO KOl GE TPAVN KE NTTL0 KAION, @M VOVTOG ATOTUTOUATE GE HLAAAKO £60.(p0G
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2.9. - Seismische intensiteitschaal op basis van omgevingseffecten - ESI 2007

(Dutch)

Inleiding

De intensiteit van een aardbeving is gebaseerd
op de classificatie van effecten veroorzaakt
door de aardbeving op de mens, op constructies
aangelegd door de mens (gebouwen en andere
infrastructuur) en op de natuurlijke omgeving
(omgevingseffecten en geologische effecten).
Deze intensiteit is een maat voor de zwaarte van
de aardbeving waarbij rekening wordt gehouden
met de effecten veroorzaakt door een breed
spectrum aan trillingsfrequenties, alsook met
statische vervorming.

Alle intensiteitschalen (Rossi-Forel, Mercalli,
MCS, MSK, aangepaste Mercalli) beschouwen
de effecten op de natuurlijke omgeving als
diagnostische elementen voor de evaluatie van de
intensiteit. Daarentegen, bepaalde recente schalen
(bv. Espinosa et alii, 1976a; 1976b; GRUNTHAL,
1998) beschouwen enkel de effecten op de mens
en door de mens aangelegde constructies, en
beperken in belangrijke mate de diagnostische
relevantie van omgevingseffecten omwille van
de aanname dat deze effecten willekeurig en
sterk variabel zijn. Niettemin, recente studies
(bv. DENGLER & McPHERSON, 1993; SErvA, 1994,
Dowrick, 1996; Esposito et alii, 1997; Hancox
et alii, 2002; MicuerTi et alii, 2004) hebben
duidelijk aangetoond dat de eigenschappen van

TransLaTED: SINTUBIN M. (1)

geologische en omgevingseffecten, die terug te
vinden zijn in historische, archeoseismologische
en paleoseismologische bronnen, essentiéle
informatie opleveren voor het inschatten van de
omvang van een aardbeving en in het bijzonder
de lokale aardbevingsintensiteit.

Om dit doel te bereiken, is de ESI
2007 intensiteitschaal (MicuerTt et alii,
2007) ontworpen, enkel op Dbasis van
omgevingseffecten. Het gebruik van deze
schaal, al of niet geintegreerd met de andere,
traditionele schalen, laat toe een beter beeld van
het aardbevingscenario te bekomen, omdat enkel
omgevingseffecten een coherente vergelijking
toelaten van de aardbevingintensiteit zowel

* in tijd: effecten op de natuurlijke omgeving
zijn vergelijkbaar in een tijdsvenster (recente,
historische en paleoaardbevingen) dat veel
ruimer is dan de periode van het instrumentele
gegevensbestand (laatste eeuw),als

* in verschillende geografische gebieden:
omgevingseffecten hangen niet af van specifieke
socio-economische omstandigheden of van
verschillende bouwpraktijken.

Dus, de nieuwe schaal heeft tot doel de
traditionele aardbevingschalen te integreren

(1) Departement Aard- & Omgevingswetenschappen, Leuven, Belgié
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* voor een aardbevingsintensiteit groter of
gelijk aan een intensiteitgraad X, wanneer
inschattingen op basis van structurele schade
op door de mens aangelegde constructies heel
moeilijk worden, terwijl omgevingseffecten nog
steeds diagnostisch zijn;

* indunbevolkte gebieden, wanneereffecten
op door de mens aangelegde constructies
ontbreken, en daardoor een inschatting van
de aardbevingsintensiteit moet gebaseerd
worden op omgevingseffecten, omdat deze
dan de enige diagnostische elementen zijn

waarover men kan beschikken.

De definitie van de intensiteitgraad
is het resultaat van een revisie door een
internationale werkgroep van geologen,
seismologen en ingenieurs van de
omgevingseffecten, die veroorzaakt zijn
door een groot aantal aardbevingen die
zich wereldwijd voordeden. Deze ESI 2007
intensiteitschaal is goedgekeurd door INQUA
(International Union for Quaternary Research)
tijdens de XVII INQUA bijeenkomst in Cairns
(Australié€) in 2007.

Beschrijving

De ESI 2007 intensiteitschaal bestaat uit 12 intensiteitgraden. De hoofding van elke intensiteitgraad
geeft enerzijds de overeenkomende kracht van de aardbeving weer, en anderzijds de betekenis
van de omgevingseffecten. In de daaropvolgende beschrijving worden volgens elke graad eerst de
eigenschappen en de omvang van de primaire effecten weergegeven. Vervolgens worden de secundaire
effecten gegroepeerd in verschillende categorieén, geordend door de initi€le graad van voorkomen. De
totale oppervlakte van hun voorkomen wordt aangewend als instrument om een inschatting te kunnen
maken van de intensiteit in het epicentrum (I ). Cursief gedrukte tekst benadrukt beschrijvingen die op
zichzelf als diagnostisch voor een bepaalde intensiteitgraad worden aanzien.

Primaire effecten zijn rechtstreeks gekoppeld aan de aardbevingsenergie en in het bijzonder aan de
oppervlakkige fenomenen gerelateerd aan de seismogene bron. De omvang van de primaire effecten
wordt typisch uitgedrukt aan de hand van twee parameters: i) totale lengte van de oppervlaktescheur
(Surface Rupture Length — SRL) en ii) de maximale verplaatsing (Maximum Displacement — MD). Het
voorkomen van primaire effecten komt doorgaans voor vanaf de intensiteitgraad VIII, met uitzondering
van zeer ondiepe aardbevingen in vulkanische gebieden. Tektonische vervorming van het aardoppervlak
(opheffing, subsidentie) wordt ook in rekenschap gebracht.

Secundaire effecten zijn alle mogelijke fenomenen die veroorzaakt zijn door grondtrillingen en
worden ondergebracht in acht hoofdcategorieén:

a) Hydrologische afwijkingen: in deze categorie worden veranderingen beschreven in het debiet van
bronnen en rivieren, alsook in de fysisch-chemische eigenschappen van oppervlakte- en grondwater
(bv. temperatuur, watertroebelheid). Deze effecten zijn diagnostisch voor een intensiteitgraad tussen
IVen X.

b) Afwijkende golven / tsunamis: deze categorie omvat: ‘seiches’ in afgesloten bekkens, overspoelen
van water uit plassen en bekkens, en tsunamis. In het geval van tsunamis is het niet zozeer de
omvang van de tsunami zelf, maar zijn het vooral de effecten langsheen de kusten (in het bijzonder
de oploophoogte (run-up), kusterosie, veranderingen in kustmorfologie), zonder de effecten op de
mens en door de mens aangelegde structuren te verwaarlozen, die als diagnostisch voor de intensiteit
worden beschouwd. Dergelijke effecten kunnen zich al voordoen bij een intensiteitgraad IV, maar
zijn meer diagnostisch voor een intensiteitgraad IX tot en met XII.

c) Grondscheuren: grondscheuren worden beschreven op basis van hun lengte (van cm tot meerdere
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honderden meter), breedte (van mm tot m), en ruimtelijke dichtheid. Grondscheuren doen zich voor
vanaf een intensiteitgraad IV. Er treedt een verzadiging — hun omvang neemt niet meer toe — op bij
een intensiteitgraad X.

d) Hellingsprocessen: deze categorie bevatten alle types van grondverschuivingen, waaronder ook
bergstortingen, afglijdingen en puinstromen (earth flows). Als de lithologische en morfologische
context gelijkaardig is, dan zijn volume en totale oppervlakte de diagnostische parameters. Dergelijke
hellingsprocessen doen zich voor vanaf een intensiteitgraad IV en verzadigen — hun omvang neemt
niet meer toe — bij een intensiteitgraad X.

e) Trillen van bomen: dit effect is diagnostisch voor een intensiteitgraad tussen IV en X. De bepaling
van de intensiteitgraden volgt deze van DENGLER & McPHERSON (1993).

f) Liquefactie / vloeibaar wording: in deze categorie vinden we zandvulkanen (sand boils), water- en
zandfonteinen, sommige types van laterale spreiding, grondsamendrukking en wegzakking. Hun
omvang is diagnostisch voor de intensiteitgraad tussen V en X.

g) Stofwolken: deze kunnen worden geobserveerd in woestijngebieden, of in gebieden onderhevig aan
droogte, beginnende van een intensiteitgraad VIII.

h) Springende stenen: de maximum grootte van springende stenen is diagnostisch voor de inschatting
van de intensiteit. Deze effecten worden waargenomen bij een intensiteitgraad IX tot en met XII. Dit
fenomeen wijst erop dat grondversnellingen die groter zijn dan de zwaartekracht, zich lokaal kunnen
voordoen vanaf een intensiteitgraad IX.

Omgevingseffecten kunnen worden waargenomen vanaf een intensiteitgraad IV. Sommige types van
omgevingseffecten (hydrologische afwijkingen) kunnen zich al voordoen bij een lagere intensiteitgraad,
maar kunnen dan niet echt als diagnostisch worden beschouwd. Nauwkeurigheid van beoordeling neemt
toe naar hogere intensiteitgraden, in het bijzonder met betrekking tot het voorkomen van primaire effecten
(typisch vanaf een intensiteitgraad VIII), met een scheidend vermogen tot en met een intensiteitgraad XII.
Vanaf een intensiteitgraad X verzadigen de effecten op de mens en door de mens aangelegde constructies
(gebouwen zijn doorgaans volledig verwoest), waardoor het onmogelijk wordt een onderscheid te maken
tussen de verschillende intensiteitgraden. In dit bereik zijn omgevingseffecten dominant en leveren zo
het meest krachtige instrument om een inschatting te maken van de aardbevingsintensiteit.

Hoe de ESI 2007 intensiteitschaal gebruiken?

Het gebruik van de ESI 2007 intensiteitschaal als een onafthankelijk instrument voor de inschatting
van de aardbevingsintensiteit is aangeraden wanneer enkel omgevingseffecten diagnostisch zijn en de
effecten op mens en door de mens aangelegde constructies te schaars zijn of verzadigd zijn (bij hogere
intensiteitgraden). Indien ook effecten op mens en door de mens aangelegde constructies beschikbaar
zijn, dan is het mogelijk twee onathankelijke inschattingen van de aardbevingsintensiteit te maken.
Algemeen wordt dan de hoogste van de twee intensiteitgraden genomen als uiteindelijke intensiteitgraad
voor het waarnemingspunt. Natuurlijk blijft het finale oordeel van de expert steeds essentieel bij de
inschatting van de intensiteitgraad.

De intensiteit in het epicentrum (I ) geeft de intensiteit van de aardbeving in de omgeving van het
epicentrum. Parameters die verband houden met oppervlaktebreukwerking en de totale oppervlakte
waarover secundaire effecten (bv. massabewegingen en/of liquefactie) voorkomen, zijn onathankelijke
instrumenten om de I in te schatten op basis van de omgevingseffecten vanaf een aardbevingsgraad VII
(tab. 2.1).
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Bijzondere aandacht moet besteed worden als de parameters die verband houden met
oppervlaktebreukwerking zich situeren op de grens tussen twee intensiteitgraden. In dat geval dient de
intensiteitgraad te worden gekozen die het meest consistent is met de eigenschappen en de ruimtelijke
verbreiding van de secundaire effecten. Bovendien is het aangeraden om bij het vastleggen van de totale
oppervlakte waarover secundaire effecten voorkomen, geen rekening te houden met geisoleerde effecten
die zich ver weg (far field) voordoen. Ook hier is de evaluatie van de expert noodzakelijk.

Lokale intensiteiten worden voornamelijk ingeschat op basis van de beschrijving van de secundaire
effecten die zich voordoen op verschillende ‘sites’ (sites) die deel uitmaken van een specifieke ‘lokaliteit’
(locality). Deze intensiteitgraad moet vergelijkbaar zijn met de traditionele lokale intensiteitgraad
bekomen op basis van schade. Gelieve er rekening mee te houden dat een ‘lokaliteit’ kan verwijzen naar
een bewoond gebied (bv. dorp, stad), maar ook naar een onbewoond gebied. Als enkel primaire effecten
aanwezig zijn, is het ook mogelijk om de lokale uitdrukking van de oppervlaktebreukwerking — onder
de vorm van de maximale verplaatsing — te gebruiken bij de inschatting van de lokale intensiteit.

Tab. 2.1 - Bereik van parameters die verband houden met oppervlaktebreukwerking (primaire effecten) en de totale
oppervlakte (secundaire effecten) voor elke intensiteitgraad.

PRIMAIRE EFFECTEN SECUNDAIRE EFFECTEN
b LENGTE VAN OPPERVLX(??\I/':Q;SAATSWG / TOTALE OPPERVLAKTE
OPPERVLAKTESCHEUR VERVORMING
AV - - -
V - - -
Vi - - -
VII *) *) 10 km?
\VAIl! meerdere honderden meter centimeters 100 km?
1X 1- 10 km 5-40cm 1.000 km?
X 10 - 60 km 40 - 300 cm 5.000 km?
X 60 — 150 km 300 -700 cm 10.000 km?
X1 > 150 km > 700 cm > 50.000 km?

(*) Beperkte opervlaktebreukwerking, tientallen tot honderden meter lengte met een centimeter verplaatsing, kunnen zich
voordoen bij zeer ondiepe aardbevingen in vulkanische gebieden.

Omschrijving van de intensiteitgraden

Van | tot I11: Er zijn geen omgevingseffecten dat als diagnostisch kunnen worden gebruikt.

IV - Algemeen waargenomen — Eerste eenduidige omgevingseffecten
Primaire effecten zijn afwezig.

Secundaire effecten

a) Zeldzame, kleine veranderingen in het waterniveau in waterputten en/of in het debiet van bronnen worden lokaal
waargenomen, alsook uiterst zeldzame, kleine veranderingen in de fysisch-chemische eigenschappen van het water
alsook de watertroebelheid in bronnen en waterputten, in het bijzonder in bronnen in grote karstsystemen, die gevoeliger
zijn voor dit fenomeen.



b)

EARTHQUAKE ENVIRONMENTAL EFFECTS FOR SEISMIC HAZARD ASSESSMENT: THE ESI INTENSITY SCALE AND THE EEE CATALOGUE 99

In gesloten bekkens (meren, zelfs zeeén) kunnen ‘seiches’ met een hoogte van maximum enkele centimeter tot
ontwikkeling komen, doorgaans enkel waargenomen door getijdenmeters, uitzonderlijk zelfs met het blote oog, typisch
ver weg van zware aardbevingen (far field). Afwijkende golven worden waargenomen door vele mensen op kleine boten,
door enkelingen op grote boten, en door het merendeel van de mensen langs de kust. Water in zwembaden beweegt en
loopt soms over.

Uiterst dunne (mm-breed) scheurtjes kunnen uitzonderlijk waargenomen worden op plaatsen waar de lithologie (bv.
losse alluviale afzettingen, verzadigde bodems) en/of de morfologie (bv. hellingen of heuvelruggen) het gevoeligst zijn
voor dit fenomeen.

Uitzonderlijk kunnen rotsblokken vallen en kleine aardverschuivingen ge(re)activeerd worden op hellingen waar het
evenwicht kritisch is (bv. steile hellingen en afgravingen met losse en doorgaans verzadigde bodems).

Taken aan bomen kunnen zwakjes bewegen.

V - Zwaar — Beperkte omgevingseffecten

Primaire effecten zijn afwezig.

Secundaire effecten

a)

b)

©)

d)

Zeldzame veranderingen in het waterniveau in waterputten en/of in het debiet van bronnen worden lokaal waargenomen,
alsook uiterst kleine veranderingen in de fysisch-chemische eigenschappen van het water alsook de watertroebelheid in
meren, bronnen en waterputten.

In gesloten bekkens (meren, zelfs zeeén) kunnen ‘seiches’ met een hoogte van enkele decimeter tot ontwikkeling komen,
soms ook waargenomen met het blote oog, typisch ver weg van zware aardbevingen (far field). Afwijkende golven,
tot verschillende tientallen centimeter hoog, worden opgemerkt door iedereen op boten en langs de kust. Het water in
zwembaden loopt over.

Dunne (mm-breed; met een lengte van enkele cm, tot zelfs een meter) scheuren kunnen lokaal waargenomen worden op
plaatsen waar de lithologie (bv. losse alluviale afzettingen, verzadigde bodems) en/of de morfologie (bv. hellingen of
heuvelruggen) het gevoeligst zijn voor dit fenomeen.

Uitzonderlijk kunnen rotsblokken vallen, rotationele aardverschuivingen en puinstromen plaatsvinden op doorgaans —
maar niet noodzakelijk — steile hellingen waar het evenwicht kritisch is, voornamelijk in losse afzettingen en verzadigde
bodems. Aardverschuivingen onder water kunnen worden geactiveerd, welke op zich kleine afwijkende golven in
kustgebieden of langs meeroevers kunnen veroorzaken.

Taken aan bomen en struiken bewegen zwakjes; uitzonderlijk valt dood hout of rijp fruit uit een boom.

Uiterst zeldzame gevallen van liquefactie, zoals zandvulkaantjes, zijn gerapporteerd. Deze zijn klein in omvang en
komen enkel voor in gebieden die uiterst gevoelig zijn voor dit fenomeen (bv. uiterst gevoelige, recente alluviale of
kustnabije afzettingen, ondiepe watertafel).

VI - Lichte schade — Bescheiden omgevingseffecten

Primaire effecten zijn afwezig.

Secundaire effecten

a)

b)

c)

Belangrijke veranderingen in het waterniveau in waterputten en/of in het debiet van bronnen worden lokaal waargenomen,
alsook kleine veranderingen in de fysisch-chemische eigenschappen van het water alsook de watertroebelheid in meren,
bronnen en waterputten.

Afwijkende golven met een hoogte van verschillende tientallen centimeter zorgen voor beperkte overstromingen in
kustgebieden of langsheen de meeroevers. Het water in zwembaden, kleine vijvers en meertjes loopt over.

Occasioneel worden mm- tot cm-brede en tot enkele meter lange barsten waargenomen in losse alluviale afzettingen en/
of verzadigde bodems, langsheen steile hellingen en rivieroevers kunnen deze barsten 1 a 2 cm breed zijn. Enkele kleine
scheuren ontwikkelen zich in verharde (asfalt of steen) wegen.
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d) Bergstortingen en aardverschuivingen met een volume tot ongeveer ~10 m? kunnen voorkomen, vooral waar het evenwicht
kritisch is, zoals bijvoorbeeld op steile hellingen en uitgravingen, met losse, verzadigde bodems, of sterk verweerde /
opgebroken gesteente. Aardverschuivingen onder water kunnen worden geactiveerd, welke op zich occasioneel kleine
afwijkende golven in kustgebieden of langs meeroevers kunnen veroorzaken, die instrumenteel worden opgemeten.

e) Taken aan bomen en struiken bewegen matig tot sterk; uitzonderlijk kunnen de toppen van bomen uitscheuren, ook dood
hout valt uit de bomen, natuurlijk afhankelijk van de soort, of dat ze vruchten dragen en van de gezondheidstoestand van
de bomen.

f) Zeldzame gevallen van liquefactie, zoals zandvulkaantjes, zijn gerapporteerd. Deze zijn klein in omvang en komen
enkel voor in gebieden die uiterst gevoelig zijn voor dit fenomeen (bv. uiterst gevoelige, recente alluviale of kustnabije
afzettingen, ondiepe watertafel).

V11 - Schade — Aanzienlijke omgevingseffecten

Primaire effecten worden zelden waargenomen, en zo goed als enkel in vulkanische gebieden. Beperkte oppervlaktebreuken,
met een lengte van enkele tientallen tot honderden meter en met een verplaatsing van enkele centimeter, kunnen zich voordoen,
vooral geassocieerd met zeer ondiepe aardbevingen.

Secundaire effecten: de totale oppervlakte van het getroffen gebied is in de grootteorde van 10 km?.

a) Belangrijke tijdelijke veranderingen in het waterniveau in waterputten en/of in het debiet van bronnen worden lokaal
waargenomen. Het komt occasioneel voor dat kleine bronnen tijdelijk droogvallen of ontstaan. Beperkte veranderingen
in de fysisch-chemische eigenschappen van het water alsook de watertroebelheid in meren, bronnen en waterputten
worden lokaal waargenomen.

b) Afwijkende golven met een hoogte tot meer dan een meter zorgen voor beperkte overstromingen in kustgebieden of
langsheen de meeroevers, en kunnen schade veroorzaken of objecten van verschillende omvang wegspoelen. Het water
in kleine bekkens en waterlopen loopt over de oevers / randen.

C) Barsten met een opening die kan oplopen tot 5 a 10 cm en een lengte van meerdere honderden meter, worden waargenomen,
meestal in losse alluviale afzettingen en/of verzadigde bodems, langsheen steile hellingen en rivieroevers kunnen deze
barsten 1 a 2 cm breed zijn. Soms komen er barsten, tot 1 cm breed, voor in droge zand-, zand-klei- en kleibodems. Cm-
brede scheuren zijn veel voorkomend in verharde (asfalt of steen) wegen.

d) Verspreid komen er aardverschuivingen voor in gevoelige gebieden, waar het evenwicht kritisch is (bv. steile hellingen
in losse, verzadigde bodems), terwijl bescheiden bergstortingen veel voorkomen in diepe ravijnen en rotswanden. Hun
omvang is soms belangrijk (103 tot 10° m3); in droge zand-, zand-klei- en kleibodems is het volume doorgaans tot 100 m?>.
Barsten, aardverschuivingen en afstortingen kunnen zich voordoen aan rivieroevers, kunstmatige dijken en uitgravingen
(bv. weginsnijdingen, groeves), met losse, verzadigde bodems, of sterk verweerde / opgebroken gesteente. Belangrijke
aardverschuivingen onder water kunnen worden geactiveerd, welke op zich afwijkende golven in kustgebieden of langs
meeroevers kan veroorzaken, die ervaren worden door de mens op boten en in havens.

e) Taken aan bomen en struiken bewegen krachtig, vooral in dicht beboste gebieden; takken en boomtoppen breken af en
vallen.

f) Zeldzame gevallen van liquefactie, zoals zandvulkanen tot 50 cm in diameter, zijn gerapporteerd in gevoelige gebieden
voor dit fenomeen (bv. uiterst gevoelige, recente alluviale of kustnabije afzettingen, ondiepe watertafel).

VIII - Zware schade — Uitgebreide omgevingseffecten

Primaire effecten worden uitzonderlijk waargenomen.

Oppervlaktescheuren (oppervlaktebreukwerking) kunnen ontstaan, tot een lengte van meerdere honderden meter en met
een verplaatsing niet groter dan enkele centimeter. Dit doet zich in het bijzonder voor bij zeer ondiepe aardbevingen, zoals
deze die zich voordoen in vulkanische gebieden. Tektonische verzakking of opheffing van het aardopperviak in de grootteorde
van enkele centimeter, kan zich voordoen.

Secundaire effecten: de totale oppervlakte van het getroffen gebied is in de grootteorde van 100 km?,

a) Bronnen kunnen—doorgaans tijdelijk — veranderen in plaats en/of in debiet. Sommige kleine bronnen kunnen droogvallen.



b)

c)

d)

e)

9)
h)
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Veranderingen in het waterniveau zijn waargenomen in waterputten. Beperkte veranderingen in de fysisch-chemische
eigenschappen van het water, meestal de temperatuur, kunnen worden waargenomen in bronnen en/of waterputten.
Watertroebelheid kan zich voordoen in gesloten bekkens, rivieren, bronnen en waterputten. De uitstoot van gassen, vaak
zwavelhoudend, wordt lokaal geobserveerd.

Afwijkende golven met een hoogte tot 1 a 2 meter zorgen voor beperkte overstromingen in kustgebieden of langsheen
de meeroevers, en kunnen schade veroorzaken of objecten van verschillende omvang wegspoelen. Erosie en het afzetten
van puin is waargenomen langsheen stranden; struiken en ondiep gewortelde bomen kunnen worden ontworteld en
worden weggespoeld. Het water in kleine bekkens en waterlopen loopt krachtig over de oevers / randen.

Barsten met een opening die kan oplopen tot 50 cm en een lengte van meerdere honderden meter, komen veelvuldig
voor in losse alluviale afzettingen en/of verzadigde bodems; in zeldzame gevallen komen barsten tot 1 cm breed voor
in competente, droge gesteenten. Scheuren van tientallen centimeter breed zijn veel voorkomend in verharde (asfalt of
steen) wegen, ook drukgolven (pressure undulations) komen voor.

Kleine tot gemiddelde (103 tot 10’ m3) aardverschuivingen zijn wijdverbreid in gevoelige gebieden, waar het
evenwicht kritisch is (bv. steile hellingen in losse, verzadigde bodems); uitzonderlijk komen ze ook voor op zachte
he}llingen; bergstortingen komen voor in diepe ravijnen en langs klifkusten. Hun omvang is soms groter (10" tot 10°
m’). Aardverschuivingen kunnen occasioneel nauwe valleien afdammen, en zo tijdelijk of zelfs permanent meren doen
ontstaan. Barsten, aardverschuivingen en afstortingen kunnen zich voordoen aan rivieroevers, kunstmatige dijken en
uitgravingen (bv. weginsnijdingen, groeves), met losse, verzadigde bodems, of sterk verweerde / opgebroken gesteente.
Frequent voorkomen van aardverschuivingen onder water in kustgebieden.

Bomen bewegen krachtig; takken breken af en vallen; bomen kunnen ontworteld worden, in het bijzonder op steile
hellingen.

Liguefactie kan frequent voorkomen in het gebied rond het epicentrum, afhankelijk van de lokale omstandigheden;
zandvulkanen tot 1 meter in diameter; schijnbare waterfonteinen in stilstaande waterpartijen; gelokaliseerde laterale
spreiding en zetting (verzakking tot ongeveer 30 cm), met barstontwikkeling evenwijdig aan de waterkant (rivieroever,
meeroever, kanaal, kust).

In droge gebieden kunnen in het gebied rond het epicentrum stofwolken ontstaan.

Stenen en zelfs kleine rotsen, alsook boomstammen kunnen de lucht worden ingeworpen, wat resulteert in typische
afdrukken in zachte bodems.

IX - Verwoestend — Omgevingseffecten zijn een wijdverbreide bron van belangrijk risico en
worden belangrijke voor het inschatten van de intensiteit

Primaire effecten worden algemeen waargenomen.

Oppervlaktescheuren (oppervlaktebreukwerking) kunnen ontstaan, tot een lengte van enkele kilometer en met een

verplaatsing in de grootteorde van enkele centimeter. Tektonische verzakking of opheffing van het aardoppervlak in de
grootteorde van enkele decimeter, kan zich voordoen.

Secundaire effecten: de totale opperviakte van het getroffen gebied is in de grootteorde van 1.000 km?.

a)

b)

c)

Bronnen kunnen — doorgaans tijdelijk — veranderen in plaats en/of in debiet, en dit in belangrijke mate. Sommige
bronnen kunnen droogvallen. Tijdelijke veranderingen in het waterniveau zijn geregeld waargenomen in waterputten.
De temperatuur van het water in bronnen en/of waterputten veranderen dikwijls. Veranderingen in de fysisch-chemische
eigenschappen van het water, meestal de temperatuur, kunnen worden waargenomen in bronnen en/of waterputten.
Watertroebelheid is veel voorkomend in gesloten bekkens, rivieren, bronnen en waterputten. De uitstoot van gassen, vaak
zwavelhoudend, wordt geobserveerd. Struiken en grassen dicht bij de uitstootbron kunnen vuur vatten.

Metershoge afwijkende golven komen tot stand in stilstaand en stromend water. In de riviervlakte (flood plain) kunnen
de waterlopen zelfs van loop veranderen, ook omwille van verzakkingen. Kleine bekkentjes kunnen ontstaan en vollopen
of leeglopen en verdwijnen. Afhankelijk van de zeebodemmorfologie en kustmorfologie, kunnen gevaarlijke tsunamis de
kust bereiken met oploophoogtes (run-up) tot enkele meter hoog die weide gebieden kunnen overstromen. Wijdverbreide
erosie en het afzetten van puin is waargenomen langsheen stranden, struiken en bomen kunnen worden ontworteld en
worden weggespoeld.

Barsten met een opening die kan oplopen tot 100 cm en een lengte van meerdere honderden meter, komen veelvuldig voor
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d)

2
h)

X -

in losse alluviale afzettingen en/of verzadigde bodems; in competente gesteenten komen barsten tot 10 cm breed voor.
Scheuren zijn veel voorkomend in verharde (asfalt of steen) wegen, ook drukgolven (pressure undulations) komen voor.

Aardverschuivingen zijn wijdverbreid in gevoelige gebieden, waar het evenwicht kritisch is (bv. steile hellingen in losse,
verzadigde bodems); ook komen ze voor op zachte hellingen; bergstortingen komen voor in diepe ravijnen en langs
klifkusten. Hun omvang is doorgaans groot (100 m’), soms zeer groot (10 m3). Aardverschuivingen kunnen nauwe valleien
afdammen, en zo tijdelijk of zelfs permanent meren doen ontstaan. Rivieroevers, kunstmatige dijken en uitgravingen (bv.
weginsnijdingen, groeves) storten in. Frequent voorkomen van aardverschuivingen onder water in kustgebieden.

Bomen bewegen krachtig; takken breken af en vallen; dunne boomstammen breken af en vallen. Bomen kunnen
ontworteld worden, in het bijzonder op steile hellingen.

Liquefactie en wateropwellingen (water upsurge) komen frequent voor, zandvulkanen tot 3 meter in diameter, schijnbare
waterfonteinen in stilstaande waterpartijen,; laterale spreiding en zetting (verzakking van meer dan ongeveer 30 cm),
met barstontwikkeling evenwijdig aan de waterkant (rivieroever, meeroever, kanaal, kust), komen geregeld voor.

In droge gebieden komen stofwolken geregeld voor.
Stenen en zelfs kleine rotsen, alsook boomstammen kunnen de lucht worden ingeworpen en verplaatst worden voor

meerdere meters, afhankelijk van de helling en afgerondheid van de rotsen, wat resulteert in typische afdrukken in zachte
bodems.

Heel verwoestend — Omgevingseffecten worden de eerste bron van risico en zijn cruciaal voor

de inschatting van de intensiteit

Primaire effecten worden dominant.

Oppervlaktescheuren (opperviaktebreukwerking) kunnen ontstaan, tot een lengte van enkele tientallen kilometer en

met een verplaatsing in de grootteorde van enkele tientallen centimeter tot enkele meter. Gravitaire inzakkingbekkens en
langwerpige depressies kunnen ontstaan; voor zeer ondiepe aardbevingen in vulkanische gebieden zijn de lengtes van
oppervlaktescheuren kleiner. Tektonische verzakking of opheffing van het aardoppervlak in de grootteorde van enkele meter,
kan zich voordoen.

Secundaire effecten: de totale opperviakte van het getroffen gebied is in de grootteorde van 5.000 km?.

a)

b)

c)

d)

e)

Vele bronnen veranderen in belangrijke mate in plaats en/of in debiet. Sommige bronnen kunnen tijdelijk of permanent
droogvallen. Tijdelijke veranderingen in het waterniveau zijn veel voorkomend in waterputten. Zelfs belangrijke
veranderingen in de fysisch-chemische eigenschappen van het water, meestal de temperatuur, kunnen worden
waargenomen in bronnen en/of waterputten. Dikwijls wordt het water zeer modderig, zelfs in grote bekkens, rivieren,
bronnen en waterputten. De uitstoot van gassen, vaak zwavelhoudend, wordt geobserveerd. Struiken en grassen dicht bij
de uitstootbron kunnen vuur vatten.

Metershoge afwijkende golven komen tot stand in grote meren en rivieren, gepaard gaand met de overstroming van
de oevers. In de riviervlakte (flood plain) kunnen de waterlopen zelfs van loop — tijdelijk of permanent — veranderen,
ook omwille van verzakkingen. Bekkens kunnen ontstaan en vollopen of leeglopen en verdwijnen. Afhankelijk van de
zeebodemmorfologie en kustmorfologie, kunnen gevaarlijke tsunamis de kust bereiken met oploophoogtes (run-up)
groter dan 5 meter hoog die weide gebieden tot kilometers landinwaarts kunnen overstromen. Kleine rotsen kunnen
voor meerdere meters worden meegesleurd. Wijdverbreide, diepe erosie is waargenomen langsheen de kusten, met
waarneembare veranderingen in het kustlijnprofiel. Bomen langsheen de kust worden ontworteld en weggespoeld.

Barsten met een opening die kan oplopen tot meer dan 1 meter en een lengte van meerdere honderden meter, komen
veelvuldig voor in losse alluviale afzettingen en/of verzadigde bodems; in competente gesteenten komen barsten van
meerdere decimeter breed voor. Brede scheuren zijn veel voorkomend in verharde (asfalt of steen) wegen; ook drukgolven
(pressure undulations) komen voor.

Aardverschuivingen en bergstortingen (groter dan 1 0'm’-10" m3) zijnwijdverbreid onafhankelijk van de evenwichttoestand
van de hellingen. Ze kunnen valleien afdammen, en zo tijdelijk of zelfs permanent meren doen ontstaan. Rivieroevers,
kunstmatige dijken en uitgravingen (bv. weginsnijdingen, groeves) storten doorgaans in. Aanlegsteigers en aarden
dammen kunnen belangrijke schade oplopen. Frequent voorkomen van aardverschuivingen onder water in kustgebieden.

Bomen bewegen krachtig; takken en boomstammen breken af en vallen. Bomen kunnen ontworteld worden en omvallen.
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f) Liquefactie en wateropwellingen (water upsurge) en bodemsamendrukking kunnen het landschap sterk veranderen;
zandvulkanen tot 6 meter in diameter, verticale verzakking tot meer dan 1 meter; laterale spreiding geeft aanleiding tot
grote en lange barsten.

g) Indroge gebieden komen stofwolken geregeld voor.

h) Stenen en zelfs kieine rotsen (met een diameter groter dan 2 a 3 meter), alsook boomstammen kunnen de lucht worden
ingeworpen en verplaatst worden voor honderden meter, zelfs op zachte hellingen, wat resulteert in typische afdrukken
in zachte bodems.

XI - Vernietigend — Omgevingseffecten worden beslissend bij de inschatting van de intensiteit,
omwille van de verzadiging van structurele schade

Primaire effecten zijn dominant.

Oppervlaktescheuren (oppervlaktebreukwerking) kunnen ontstaan, tot een lengte van enkele tientallen kilometer tot meer
dan honderd kilometer en met een verplaatsing in de grootteorde van enkele meter. Gravitaire inzakkingbekkens, langwerpige
depressies en drukruggen kunnen ontstaan. Waterscheidingen kunnen in belangrijke mate worden verplaatst. Tektonische
verzakking of opheffing van het aardoppervlak in de grootteorde van enkele meter, kan zich voordoen.

Secundaire effecten: de totale opperviakte van het getroffen gebied is in de grootteorde van 10.000 km?.

a) Vele bronnen veranderen in belangrijke mate in plaats en/of in debiet. Vele bronnen kunnen tijdelijk of permanent
droogvallen. Tijdelijke of permanente veranderingen in het waterniveau zijn algemeen in waterputten. Zelfs belangrijke
veranderingen in de fysisch-chemische eigenschappen van het water, meestal de temperatuur, kunnen worden
waargenomen in bronnen en/of waterputten. Dikwijls wordt het water zeer modderig, zelfs in grote bekkens, rivieren,
bronnen en waterputten. De uitstoot van gassen, vaak zwavelhoudend, wordt geobserveerd. Struiken en grassen dicht bij
de uitstootbron kunnen vuur vatten.

b) Metershoge afwijkende golven komen tot stand in grote meren en rivieren, gepaard gaand met de overstroming van de
oevers. In de rivierviakte (flood plain) kunnen de waterlopen zelfs van loop — tijdelijk of permanent — veranderen, ook
omwille van wijdverbreide verzakkingen en massabewegingen. Bekkens kunnen ontstaan en vollopen of leeglopen en
verdwijnen. Afhankelijk van de zeebodemmorfologie en kustmorfologie, kunnen gevaarlijke tsunamis de kust bereiken
met oploophoogtes (run-up) tot meer dan 15 meter hoog die in viakke kustgebieden tot kilometers landinwaarts zeer
verwoestend zijn. Zelfs metersgrote rotsen kunnen voor lange afstanden worden meegesleurd. Wijdverbreide, diepe
erosie is waargenomen langsheen de kusten, met waarneembare veranderingen in het kustlijnprofiel. Bomen langsheen
de kust worden ontworteld en weggespoeld.

c) Open barsten met een opening die kan oplopen tot meerdere meters komen veelvuldig voor in losse alluviale afzettingen
en/of verzadigde bodems; in competente gesteenten komen barsten tot een meter breed voor. Zeer brede scheuren zijn
veel voorkomend in verharde (asfalt of steen) wegen; ook drukgolven (pressure undulations) komen voor.

d) Grote aardverschuivingen en bergstortingen (groter dan 1 0" m-10’ ms) zijn wijdverbreid onafhankelijk van de
evenwichttoestand van de hellingen. Ze kunnen valleien afdammen, en zo tijdelijk of zelfs permanent meren doen ontstaan.
Rivieroevers, kunstmatige dijken en uitgravingen (bv. weginsnijdingen, groeves) storten doorgaans in. Aanlegsteigers
en aarden dammen kunnen belangrijke schade oplopen. Belangrijke aardverschuivingen kunnen zich voordoen op een
afstand van 200 a 300 km van het epicentrum. Frequent voorkomen van aardverschuivingen onder water in kustgebieden.

e) Bomen bewegen krachtig; vele takken en boomstammen breken af en vallen. Vele bomen kunnen ontworteld worden en
omvallen.

f) Liquefactie kan het landschap van laaglanden sterk veranderen, bepalend voor de verticale verzakkingen van meerdere
meters,; veelvuldig voorkomen van grote zandvulkanen,; veelvuldig voorkomen van laterale spreiding.

g) Indroge gebieden komen stofwolken geregeld voor.

h) Stenen en zelfs rotsen (met een diameter van meerdere meters), alsook boomstammen kunnen de lucht worden ingeworpen
en verplaatst worden voor grote afstanden, zelfs op zachte hellingen, wat resulteert in typische afdrukken in zachte
bodems.
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XII - Totale vernietiging — Omgevingseffecten zijn het enige instrument voor het inschatten van
de intensiteit

Primaire effecten zijn dominant.

Oppervlaktescheuren (opperviaktebreukwerking) zijn minstens enkele honderden kilometer lang en gaan gepaard
met verplaatsingen van meerdere tientallen meter. Gravitaire inzakkingbekkens, langwerpige depressies en drukruggen
kunnen ontstaan. Waterscheidingen kunnen in belangrijke mate worden verplaatst. Landschappelijke en geomorfologische
veranderingen, veroorzaakt door de primaire effecten, kunnen buitengewone omvang aannemen (typische voorbeelden zijn de
opheffing of verzakking van kustlijnen voor meerdere meters, verschijnen of verdwijnen van belangrijke landschapselementen,
verandering van de loop van rivieren, ontstaan van watervallen, vorming of verdwijnen van meren,).

Secundaire effecten: de totale opperviakte van het getroffen gebied is in de grootteorde van 50.000 km? en meer.

a) Vele bronnen veranderen in belangrijke mate in plaats en/of in debiet. Vele bronnen kunnen tijdelijk of permanent
droogvallen. Tijdelijke of permanente veranderingen in het waterniveau zijn algemeen in waterputten. Belangrijke
veranderingen in de fysisch-chemische eigenschappen van het water, meestal de temperatuur, kunnen worden
waargenomen in bronnen en/of waterputten. Dikwijls wordt het water zeer modderig, zelfs in grote bekkens, rivieren,
bronnen en waterputten. De uitstoot van gassen, vaak zwavelhoudend, wordt geobserveerd. Struiken en grassen dicht bij
de uitstootbron kunnen vuur vatten.

b) Enorme afwijkende golven komen tot stand in grote meren en rivieren, gepaard gaand met de overstroming van de
oevers. In de rivierviakte (flood plain) kunnen de waterlopen zelfs van loop en van richting — tijdelijk of permanent
— veranderen, ook omwille van wijdverbreide verzakkingen en massabewegingen. Grote bekkens kunnen ontstaan en
vollopen of leeglopen en verdwijnen. Afhankelijk van de zeebodemmorfologie en kustmorfologie, kunnen gevaarlijke
tsunamis de kust bereiken met oploophoogtes (run-up) van meerdere tientallen meter hoog die in vilakke kustgebieden
tot kilometers landinwaarts zeer verwoestend zijn. Grote rotsen kunnen voor lange afstanden worden meegesleurd.
Wijdverbreide, diepe erosie is waargenomen langsheen de kusten, met belangrijke veranderingen in het kustlijnprofiel.
Bomen langsheen de kust worden ontworteld en weggespoeld. Alle boten zijn losgerukt van hun ligplaats aan de kade en
zijn weggeslagen of over grote afstand landinwaarts meegesleurd. Alle mensen buiten worden meegesleurd.

¢) Open barsten komen veelvuldig voor, tot een meter breed of meer in het vast gesteente, tot meer dan 10 m breed in losse,
alluviale sedimenten en/of verzadigde bodems. Zij hebben een lengte van meerdere kilometers.

d) Grote aardverschuivingen en bergstortingen (groter dan 1 0" m-10° m3) zijn wijdverbreid onafhankelijk van de
evenwichttoestand van de hellingen. Ze kunnen valleien afdammen, en zo tijdelijk of zelfs permanent meren doen ontstaan.
Rivieroevers, kunstmatige dijken en uitgravingen (bv. weginsnijdingen, groeves) storten doorgaans in. Aanlegsteigers
en aarden dammen kunnen belangrijke schade oplopen. Belangrijke aardverschuivingen kunnen zich voordoen op een
afstand van 200 a 300 km van het epicentrum. Frequent voorkomen van aardverschuivingen onder water in kustgebieden.

e) Bomen bewegen krachtig; vele takken en boomstammen breken af en vallen. Vele bomen kunnen ontworteld worden en
omvallen.

f) Liquefactie komt voor over grote opperviakte en verandert sterk het landschap van laaglanden, bepalend voor de
verticale verzakkingen van meerdere meters, veelvuldig voorkomen van grote zandvulkanen; veelvuldig voorkomen van
laterale spreiding.

g) Indroge gebieden komen stofwolken geregeld voor.

h) Ook grote rotsen kunnen de lucht worden ingeworpen en verplaatst worden voor grote afstanden, zelfs op zachte
hellingen, wat resulteert in typische afdrukken in zachte bodems.
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3. - Applications of ESI 2007 intensity scale

The ESI 2007 intensity scale has been succefully applied to recent, historical and palaco-earthquakes
(cfr. Chapter 5 for a full list of references published in the period 2008-2014).
In the following, some recent and historical case-studies, representative of different seismotectonic
environments put the focus on some key questions with the aim to outline the added value provided by
the use of ESI intensity scale.

3.1. - The June 27, 1957, Muya (Baikal) earthquake

TATEVOSSIAN R. (1)

Introduction

Baikal is a distinctive zone of active continental rift located in Central Russia. Systematic studies of
palaecoearthquakes in this area started in the early 1960s. The first regional catalogue of palaeoearthquakes
was published some years later (KONDORSKAYA & SHEBALIN, 1977): in this catalogue, even surface
rupture length (L) and the maximum palaeoseismic surface displacement are reported as well as the
corresponding magnitudes (Ma and ML).

The 1957 Muya earthquake (MS = 7.6) is the largest instrumentally recorded seismic event in the region.
Source mechanisms are shown in figure 1. Surface ruptures associated with the earthquake were studied
during several field investigations and summarized in reports and papers by KurusHIN (1963), SOLONENKO
(1965), SoLonenko et alii (1966, 1985), KurusHIN et alii (2007).

Surface faulting pattern

Surface faulting associated to the Muya earthquake occurred on a WNW trending en echelon fault
systemlt can be grouped into three main segments: western, central, and eastern (fig.3.1a and 3.1b).

In the western segment, surface faulting marks the edges of a small graben. Its southern boundary
is controlled by a normal fault with a right-lateral slip component. Horizontal slip is about one meter
m and vertical offset is 1.2 — 1.3 m. Left-lateral slip (0.3 m) accompanied by some normal faulting
was observed close to the northern boundary. A transition zone links western and central segments. Its
northern branch is a normal fault (1.4 m offset) with a left-lateral slip component (0.25 m).

The southern branch is a NNW trending pressure zone, most probably associated with thrusting. The
fault system in the central segment is expressed by sequences of shear, extension, and thrust structures
composing a zone of left-lateral strike-slip, where fragmentary vertical offsets are found. The vertical
offset does not exceed 3.3 m and the horizontal slip is 1 m.

(1) Institute of Physics of the Earth, RAS, Moscow, Russia.
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The eastern segment is located at the pediment of the Udokan Range and is composed of extensional
structures. Steep dip of the fault to the north is evidence of normal faulting. The amplitude of the offset
varies along the fault from 0 to 1.5 m. There are no traces of horizontal slip in this fault segment. The
total length of proven surface faulting is ca. 20 km, although some publications pointed out that the
eastern segment might extend for another 5 km.

116.6° 116.8° 117°

56.2°

Vvedenskaya
Balakina, 1960 Homer. 1501

116.6° 116.8° 117°

56.2°

Fig. 3.1 - Geological effects, instrumental epicenter, and focal mechanisms of the Muya earthquake. a) surface faulting; Subl, Sub2, Sub3 are mechanisms
of sub-events. Arrows show slip direction. The question mark indicates a doubtful portion of the surface faulting. b) generalized scheme
- Effetti geologici, epicentro stumentale e meccanismi focali del terremoto di Muya. a) fagliazione superficiale; Sub 1, Sub 2, e Sub 3 sono meccanisimi
relativi a repliche minori. Le frecce indicano la direzione dello scorrimento. Il punto interrogativo indicata un segmento incerto di fagliazione
superficiale; b) schema generalizzato.
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MSK and ESI intensity assessment

Macroseismic information is summarized in Fig. 3.2, based on questionnaires collected in the Institute
of the Physics of the Earth, RAS, in 1958 and data from SoLonenko et alii (1958). Noteworthy is the
far-reaching extension of the felt area (over 700 km away from the surface faulting zone).

The epicentral intensity of the Muya earthquake can be assessed based on the total length of surface
faulting using the ESI 2007 intensity scale: epicentral intensity I, = X corresponds to 20-25 km total
rupture length. Maximum vertical offset associated to normal faulting (3.3 m) is also in agreement with
intensity X .

Results of the two assessments are consistent: the localities closest to the surface faulting zone are at a
distance of 50 km. This explains why maximum observed macroseismic intensity is much lower than I,
not exceeding 8 degree. Therefore, if only macroseismic effects in localities are considered for epicentral
intensity assessment, as reccommended by EMS98 (European Macroseismic Scale; GRONTHAL, 1998), I
would be underestimated of at least two degrees.

104° 108° 132° 116° 120° 124° 128°

62°

ﬂaéﬂ'FEulﬁnb‘#‘ g

2N A

56° Mo v

52

{0 o

Fig. 3.2 - Isoseismal map of the Muya earthquake. Intensity degrees in the MSK scale.
- Mappa delle isosiste del terremoto di Muya. Gradi di intensita nella scala MSK

Discussion

The epicentral locations determined instrumentally differ from each other by more than 100 km
(fig. 1a). The instrumental hypocenter depth varies between 10 to 22 km. Macroseismic data are
more consistent with a depth of 20 km. This depth, together with the Ms = 7.6, is in agreement with
a felt radius of 700 km. The relatively short surface faulting zone (20-25 km) is in agreement with
a deeper source.
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For the sake of comparison, the 2003 Altai earthquake (Ms = 7.4) was accompanied by 70 km of
surface ruptures (SRL). According to Wells and Coppersmith (1994), a 20-25 km SRL corresponds to
magnitude 6.6, which is one order of magnitude lower than the Muya earthquake. However, a rupture
length of 25 km and an offset of 3.3-4 meters indicates a magnitude value in the range of 7.3-7.6,
comparable to the instrumental Ms (7.6). A short SRL with large offset (3.3-4 m) could be representative
of a source with high stress drop, and possibly this is characteristic of the regional seismicity. This
hypothesis may explain why the surface rupture lengths reported in the Baikal region are less than 45
km. A deeper seismic source zone could also be partially responsible for this.

The first motion mechanism (VEDENsSKAYA & Barakina, 1960) corresponds to normal faulting with
a left-lateral strike-slip component steeply dipping to the south (Fig. 1a). In general, this solution is
consistent with the geometry of surface faults and the kinematics of faulting. The body wave-form
inversion at teleseismic distances features three sub-events, each almost pure strike-slip (DosEgr, 1991).
The solution with three sub-events is in better accordance with the observed segmentation of the surface
fault zone, but it is in contradiction with vertical offset everywhere larger than horizontal slip. A possible
reason might be that under extension stresses, strike-slip movement along en echelon sub-parallel faults
requires normal faulting at the surface to accommodate shear deformation. According to this hypothesis,
a normal fault component at the surface is not representative of the source in general, and its amplitude
can be anomalously large, compared to the surface fault length.

In conclusion, such a case-study demonstrates the usefulness of environmental parameters in order to
avoid underestimating the earthquake intensity, and the influence of tectonic and structural setting on the
coseismic effects, to be considered also in the palacoseismic evaluations.
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3.2. - The July 26, 1805, Molise (Southern Italy) earthquake

ESPOSITO E. (1), GUERRIERI L. (2), PORFIDO S. (1), VITTORI E. (2), BLUMETTI A.M. (2)

Introduction

The 1805 Molise earthquake caused the loss of at least 5,000 lives and determined severe damage
over a wide sector of the Southern Apennines. The seismic sequence was characterized by a mainshock
(21:01 GMT, macroseismically derived magnitude Ma = 6.6) followed a few hours later by two important
aftershocks.

The epicentral zone was centered on the Bojano plain (I, = X MCS), and an area of about 2,000
km? was affected by MCS intensities >VIII. The macroseismic epicenter of the mainshock (fig. 3.3)
was located at Frosolone (I = XI MCS, Esposito et alii, 1987) according to the descriptions in
contemporary reports. The epicenter of the second shock (21:56 GMT) was located at Morcone, some
tens of kilometers to the SE.

Fig. 3.3 - The 1805 Molise earthquake: comparison of MCS and ESI macroseismic intensity fields. White lines: MCS isoseismals (MCS degrees in roman
numerals, after Esposito et alii, 1987). Triangles: ESI local intensities (after Serva et alii, 2007). Stars identify the epicenters of three major historical
earthquakes.

- 1l terremoto del 1805 in Molise: confronto tra i campi macrosismici MCS ed ESI. Linee bianche: isosiste MCS (gradi MCS in numeri romani; EsposiTo et
alii, 1987). Triangoli: intensita locali ESI (SErva et alii, 2007). Le stelle identificano gli epicentri dei tre terremoti storici piu forti avvenuti nell area.

(1) Istituto per I’ambiente marino costiero, CNR, Napoli, Italy.
(2) Geological Survey of Italy, ISPRA, Roma, Italy.
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Geological framework and historical seismicity

The Bojano Basin (Molise, Southern Apennines) is a tectonic depression elongated in a NW direction
(Fig. 3.4) and bordered on the SW edge by the Meso-Cenozoic carbonate platform sequence of the
Matese Mountains and on the NE side by the pelagic and transitional sequence of the Sannio Hills (e.g.,
Corrapo et alii 1997; D1 Bucci et alii, 1999). The current morphology is the result of extensional tectonic
activity, which has affected this area at least since the Middle Pleistocene. The master segmented normal
fault of the Bojano Basin follows the SW border of the tectonic depression for a total length of at least

30-40 km (e.g., Russo & TERRIBILE, 1995; Brancaccio et alii, 1997; Guerrieri et alii, 1999).
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Fig. 3.4 - Geological sketch of the Bojano Basin and surrounding areas. Faults
marked as thick lines belong to the Bojano fault system, which controlled
the Quaternary continental evolution of the Bojano basin and adjacent basins
(Morcone, Sepino and Lago). Legend: 1. Continental deposits (Quaternary);
2. Flysch deposits (Miocene); 3. Pelagic and transitional sequences of the
Sannitic Unit (Meso-Cenozoic); 4. Neritic and transitional sequences of the
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historical earthquake.

- Schema geologico del bacino di Bojano e aree adiacenti. Le faglie
indicato con linee spesso appartengono al sistema di faglie di Bojano, che
ha controllato I’evoluzione continentale quaternaria del bacino di Bojano
e dei bacini adiacenti (Morcone, Sepino e Lago). Legenda: 1. Depositi
continentali (Quaternario); 2. Depositi di flysch (Miocene), 3. Sequenze
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N Sovrascorrimoento principale (Neogene), 8. Epicentro di terremoto storico.
1 3 15 T _*,
\ 8 ¥ 5

2 4 55 6

10 km

Historical seismicity catalogues (PostpiscHL, 1985; Rovipa et alii, 2011) indicate at least three strong
historical earthquakes (December 5, 1456, 10 = XI MCS, Ma = 7.2; June 5, 1688, I, = XI MCS, Ma =
6.7; July 26, 1805, 10 = X MCS, Ma = 6.6; epicenter locations in Fig. 3.4) centered on the Bojano Basin.
Furthermore, trenching investigations atthe NW and SE tips of the Bojano Basin (Patalecchia fault segment,
BrumerT et alii, 2000; Campochiaro fault segment, GaLL et alii, 2003) have provided stratigraphic
evidence along the same extensional fault system for at least two Holocene palacoearthquakes, strong
enough to produce surface faulting (tens of cm of vertical offset). Instrumental data in the Bojano area
reveal remarkable seismic activity over recent decades, characterized by frequent, low-energy seismic
sequences (largest magnitudes around 4.0).

Earthquake Environmental Effects

The historical reports for the 1805 earthquake allow about one hundred seismically induced
environmental effects to be identified, mostly in the near-field area, although some of them were reported
as far away as 70 km from the epicenter (Esposito et alii, 1987; Porripo et alii, 2002).

The most relevant effects documented in contemporary sources are described in table 3.1 and mapped
in fig. 3.5. Among these, vertical ground displacements of about 1.5 m occurred at Guardiaregia and
Morcone, to be interpreted as primary effects. Along the antithetic fault, a long fracture reported between
Pesche, Miranda and Sant’ Angelo in Grotte may also be interpreted as evidence of surface faulting. This
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fact would indicate that the total rupture length is about 40 km, with maximum displacements of about
150 cm (Guardiaregia). Consequently, the ESI epicentral intensity value is equal to X.

The earthquake also triggered a number of secondary effects (slope movements, hydrological anomalies,
liquefaction). At least 26 landslides (mainly rock falls, topples, slumps, earth flows and slump earth flows)
were recorded, including an earth flow at San Giorgio la Molara (Benevento) that affected the course of
the Tammaro River, an earth flow at Acquaviva di Isernia, a rotational slide at San Bartolomeo in Galdo
(Benevento), and a rotational slide-flow at Calitri (Avellino) (Esposito et alii, 1987; EsposiTo et alii, 1998;
Porrpo et alii, 2007; Serva et alii, 2007). In 29 localities, principally around Bojano (Biferno springs) and the
Matese Massif, 48 hydrological anomalies were reported, mainly changes in water discharge from springs.

Flow increases were observed in at least 16 springs, mainly SSW of the Matese Mountains. New springs
appeared at San Salvatore Telesino (Caserta), Morcone (Benevento), the Matese Mountains, and Bojano
(Campobasso). A new spring at Bojano was active for about two months after the earthquake (Esposito et alii,
1987; Esposito et alii, 2001, Porripo et alii, 2002). Only one case of liquefaction was reported at Cantalupo.
Furthermore, anomalous sea waves were observed in the gulfs of Naples and Gaeta (Caputo & Fairta, 1984;
Esposiro et alii, 1987, TINTI & MarRAMAL 1996).
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Fig. 3.5 - Distribution of the geological effects reported for the 1805 Molise earthquake (after Porrio et alii, 2002).
- Distribuzione degli effetti geologici del terremoto del Molise del 1805 (da Porripo et alii., 2002).
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Tab. 3.1 - Descriptions of relevant environmental effects induced by the 1805 Molise earthquake.
- Descrizione degli effetti ambientali rilevanti indotti dal terremoto del 1805 in Molise.

Location Type Description Historical
source
Pesche, Miranda Surface faulting A very long fracture was surveyed from Miranda , Pesche up to S. FORTINI
and S.Angelo in Angelo in Grotte. “Especially in the upper mountain from Miranda (1806)
Grott to S. Angelo in Grotte were opened for about an half palm”.
Guardiaregia Surface faulting “Very evident and deep fractures with offsets up to seven palms” BARATTA
(about 150 cm according to, EsposITo et alii, 1987). (1901)
Morcone Surface faulting & “flames from the ground ... were seen near the inn, where horrible CAPOZZI
hydrological chasms opened over a length of about one third of a mile, some of (1834)
changes which had the ground overthrown at a height exceeding six palms

(one Neapolitan palm is equal to 26.45 cm), and of which the width
was over three palms and comparable the depth. These fractures
now can be seen from far away, because the grass along the
crevasses is desiccated as it had been on fire. In one such crevasse |
observed a pear tree, that, in that moment (of the earthquake), lost
all its unripe fruits, threw many branches to the ground and, of the
ones left, many are now desiccated. In the same place the soil was
completely disturbed, as it had excavated by innumerable moles.
Here a spring increased its flow rate, leaving a slight smell of
sulphur. 4 new spring gushed out from the ground...”.

Bojano Karst collapses The day after the 26 July event, two chasms opened within the BARATTA
Matese Mts at a bout an half the slope of Bojano. (1901)
Cantalupo, Liquefaction Several contemporary eye-witnesses documented a liquefaction EsposiTo et

characterized by sand-volcanoes in the surficial fluvio-lacustrine alii, 1987
deposits near the Cantalupo village.

S.Giorgio Landslide Along the Tammaro river up to the Molini of Cardinale Ruffo,

La Molara remarkable vertical as well as horizontal fissures (1922 steps long EspPosITo et
and about 800 steps wide). The topgraphic surface was dislocated of alii, 1987
about 15 palms and poplars trees were divelted and shifted for 13 —

20 palms. ....The Tammaro river was deviated for about 50 palms as
a consequence of this slope momement.....

Acquaviva di Landslide “A forest about 20 miles wide was devasteted. The ground was BARATTA

Isernia failured and trees were eradicated”. (1901)

Bojano Appearance of new The day before the main shock, some springs located near Bojano PEPE (1806)
springs, Turbidity, were anomalously turbid and hot. Four days later, three large water PoL1 (1805)
chemical variation rivers flooded very quickly the surrounding cultivated fields. The

anomaly in water discharge persisted for about 20 days. A new
spring opened at Bojano and it is still working.

Discussion

The application of the ESI 2007 intensity scale based on secondary effects has allowed local intensity
values to be assigned for about 50 municipalities (SErva et alii, 2007), with values from V to X (triangles
in fig. 3.3). The total area of relevant ground effects (ESI local intensities > VII) amounts to about 5,300
km?2. Accordingly, the ESI epicentral intensity is equal to X.

In conclusion, this case study has clearly shown that primary as well as secondary effects, when
properly taken into account, can be a very helpful tool for:

* intensity assessment: in fact, two independent applications of the ESI 2007 intensity scale, from the
total area of secondary effects and from the extent of surface faulting, yielded the same epicentral intensity
value (ESI I, = X). This is also consistent with damage-based assessments, since the independently
assessed MCS epicentral intensity is also equal to X;

 identification of the seismogenic source: the scenario of secondary effects allows the seismogenic
source to be located on the SW border of the Bojano basin. This is in very good agreement with local
evidence of surface faulting reported in historical documents at Morcone, Guardiaregia and Pesche.
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3.3. - The November 2, 2002, Denali (Alaska) earthquake

COMERCI V. (1), MICHETTI A.M. (2), SERVA L. (1), VITTORI E. (1)

Introduction

The 2002 Denali Fault earthquake (Mw = 7.9) is the largest strike-slip earthquake in North America
in more than 150 years. Although it occurred at a time when a wealth of digital instruments were
deployed all over the world, only a few were relatively close to the fault rupture (Hansen et alii, 2004;
MARTIROSYAN, 2004). The epicenter was located 135 km S of Fairbanks and 283 km north of Anchorage;
and also 22-25 km east of the Mw 6.7 Nenana Mountain earthquake that occurred eleven days earlier,
on October 23.

The complex sequence of ruptures began with an oblique thrust along a N-dipping plane, corresponding
to a 48 km long segment of the previously unrecognized E-trending Susitna Glacier thrust fault (fig. 3.6).

Fig. 3.6 - The 2002 Denali earthquake: CII (Community Internet Intensity) distribution based on the report materials (MARTIROSYAN, 2004). The
star indicates the epicenter. The fault ruptures are plotted, simplified, according to EBernarT-PHiLLips et alii (2003). The box encloses the epicentral
area shown in fig. 3.7.

- Il terremoto di Denali del 2002: distribuzione delle intensita CII (Community Internet Intensity) in base al contenuto dei rapporti (Martirosyan, 2004).
La stella indica I’epicentro. Le rotture di faglia sono plottate, semplificate, secondo EBERHART-PHILLIPS et alii (2003). 1l riquadro indica I’area epicentrale
dettagliata in fig. 3.7.

(1) Geological Survey of Italy, ISPRA, Roma, Italy.
(2) Dipartimento di Scienze Chimiche ¢ Ambientali, Universita dell’Insubria, Como, Italy.
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The rupture continued with right-lateral horizontal slip along the main trace of the Denali fault.
Eventually, it split off the Denali fault onto the more southeast-trending Totschunda fault (EBERHART-
PuiLLips et alii 2003; AaGaarD et alii, 2004; Cronk et alii, 2004; FRankiL, 2004; HanseN et alii, 2004;
HAEUSSLER, 2009).

The total rupture length was on the order of 330 km, and the maximum measured offsets were 8.8 m
of horizontal displacement west of the Denali and Totschunda fault junction, and over 5 m of vertical
displacement on the Susitna Glacier fault (EBERHART-PHILLIPS et alii 2003; Crone et alii, 2004). More
than 16,000 aftershocks were recorded by the end of December 2002, mostly located along the surface
rupture within the upper 11 km of the crust (EBERHART-PHILLIPS et alii, 2003; Rarcukovski et alii, 2003;
Hansen et alii, 2004).

Seismograms show that slip and energy release were heterogeneous along the Denali fault. Three
sub-events were identified (EBERHART-PHILLIPS et alii, 2003; Franker, 2004) and a total seismic
moment equivalent to Mw 7.9 inferred from GPS data, consistent with the geodetic moment derived
by Interferometric Synthetic Aperture Radar data (WriGHT et alii, 2004). The first sub-event (Mw 7.2),
located near the instrumental epicenter, was associated with the rupture along the Susitna Glacier Fault.
The second sub-event (Mw 7.3) was 50 to 100 km east of the epicenter, where the surface offset of the
Denali Fault reaches over 6 m. It is noteworthy that, despite it, the Trans-Alaska Pipeline did not suffer any
oil spill thanks to a technical solution based on the experience of the 1964 Alaska earthquake (HONEGGER
et alii, 2004). According to AacaarD et alii (2004), the geometry of the faults and the orientation of the
regional stress field caused slip on the Susitna Glacier fault to load the Denali fault. The third sub-event,
about 130 to 220 km east of the epicenter, had the largest seismic moment, equivalent to about Mw 7.6,
and was located in the region with a maximum surface offset of 8.8 m.

An average rupture velocity of 3.5 km/s, close to the shear wave velocity at the average rupture
depth, was found. However, the portion of the rupture 130-220 km east of the epicenter appears to be
a supershear, with an effective rupture velocity of about 5.0 km/sec (FRANKEL, 2004). Moreover, the
initial thrust sub-event produced the largest high-frequency energy release per unit fault length, while
relatively little high-frequency energy was released along the 60-km portion of the Totschunda fault at
the southeast end of the rupture (FRANKEL, 2004).

The earthquake propagated primarily unilaterally to the east and released most of its energy along slip
patches far from the hypocenter locations (ArRDA OzacAR & BEck, 2004). According to Eberhart-Phillips
et al. (2003), the larger surface offsets correlate with the locations of high moment release found in the
inversions of geodetic and strong-motion data. The geologic, geodetic and strong-motion data sets show
increased slip 50 to 100 km and 150 to 230 km east of the epicenter. The seismic moments calculated from
strong-motion inversion (Mw 7.8) and from the teleseismic waveforms (Mw 7.9; KikucHI & Y AMANAKA,
2002) agree well with the Mw 7.8 calculated from the surface slip (EBERHART-PHILLIPS €t alii, 2003).

The effects of rupture directivity are particularly remarkable for the Denali fault event. Ground
shaking effects were reported as far away as 3500 kilometers from the epicenter, added to local bursts
of seismic activity at similar distances in volcanic and geothermal areas, although only lying in the
direction of the Denali rupture propagation (EBERHART-PHILLIPS et alii, 2003; Cassipy & RogGErs, 2004;
Moran et alii, 2004).
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Surface faulting pattern and secondary geological effects

Several papers have described the surface faulting of the 2002 earthquake (e.g. EBERHART-PHILLIPS
et alii, 2003; Crone et alii, 2004; HarussLER et alii, 2004; HarussLER, 2009). The slip on the Susitna
Glacier thrust fault averaged about 4 m, generating structures ranging from simple folds on a single
trace to complex thrust-fault ruptures and pressure ridges on multiple, sinuous strands, in a deformation
zone locally more than 1 km wide. A maximum vertical displacement of 5.4 m on the south-directed
main thrust was measured (CronE et alii, 2004). The principal surface break occurred along 226 km of
the Denali fault, with average right-lateral offsets of 4.5-5.1 m and a maximum offset of 8.8 m near its
eastern end. The Denali fault trace is commonly left stepping and N side up. Finally, slip transferred
southeastward onto the Totschunda fault and continued for another 66 km where dextral offsets averaged
1.6 — 1.8 m. The transition from the Denali fault to the Totschunda fault occurred over a complex 25-km-
long transfer zone of right-slip and normal fault traces.

Secondary geological effects of the 2002 Denali earthquake were mostly slides, liquefaction and
ground cracks (fig. 3.7). Thousands of landslides were triggered, primarily rock falls and rock slides, that
ranged in volume from a few cubic meters to tens of millions of cubic meters (i.e., the rock avalanches
that covered much of the McGinnis Glacier) (EBERHART-PHILLIPS et alii, 2003; Hare et alii, 2003; HANSEN
et alii, 2004; Jisson et alii, 2004, 2006). Other large rock avalanches (up to several million cubic meters)
were triggered along the Black Rapids and West Fork Glaciers. The pattern of landsliding and liquefaction
effects was unusual: the number and concentration of slides was much less than could be expected for
an earthquake of this magnitude (suggesting a deficiency in high-frequency shaking), and the landslides
were concentrated in a narrow zone about 30 km wide that straddled the fault-rupture zone over its
entire 300 km length. Despite the overall sparse landslide concentration, the earthquake triggered large
rock avalanches that clustered along the western third of the rupture zone (the area of the first two sub-
events), where acceleration levels and ground-shaking frequencies are thought to have been the highest.
The narrow concentration of rock falls, rock slides, and large rock avalanches along the fault-rupture
zone suggests that the highest accelerations generated by this earthquake did not extend far from the fault
zone; moreover, the overall area of 10,000 km2 affected by landslides was significantly smaller than that
triggered by other earthquakes of comparable magnitude (Hare et alii, 2003 and references therein).
Liquefaction features were observed over a distance much greater than that of landslides, extending
out from the surface rupture for approximately 100-120 km. In addition, the liquefactions were more
extensive and more severe to the east, in the vicinity of the third sub-event, on the Holocene alluvial
deposits of the Robertson, Slana, Tok, Chisana, Nabesna and Tanana Rivers (EBERHART-PHILLIPS et alil,
2003; Kaven et alii, 2004). The large areal distribution of liquefaction features compared to the limited
zone of landslides suggests that minimum shaking levels and duration requirements for liquefaction
were more extensive than those needed to trigger rock falls and rock slides and that the third sub-event
had a longer duration and period of shaking than the previous two (Harp et alii, 2003; Kayen et alii,
2004; Jison et alii, 2006).

As expected, many hydrological anomalies also followed the earthquake, such as the generation of
water waves, water spill from swimming pools, seiches in lakes and rivers, muddy well waters, affecting
distances of up to 3500 km across western Canada and in the Seattle basin, WA (Cassipy & ROGERs,
2004; BarBEROPOULOU et alii, 2006; Sil, 2006).
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Fig. 3.7 - The 2002 Denali earthquake: distribution of geological effects based on survey data from authors cited in text. The fault ruptures are plotted,
simplified, according to EBERHART-PHILLIPS et alii (2003).
- Terremoto di Denali del 2002: distribuzione degli effetti geologici in base ai dati rilevati dagli autori citati nel testo. Le rotture di faglia sono plottate e
semplificate in base a EBERHART-PHILLIPS et alii (2003).

MMI and ESI Intensity assessments

A macroseismic survey (Community Internet Intensity) was carried out initially by the US Geological
Survey and later expanded by the Geophysical Institute of the University of Alaska Fairbanks, by
collecting data in the near-field zone (MARTIROSYAN, 2004). The combined dataset contains intensities
for more than 155 inhabited locations: the maximum intensity, IX MMI, was reported in 29 of these.
Of the 29 intensities IX, 28 are located in the eastern part of the ruptured fault, and the average distance
for the intensity IX sites from the fault is 27 km (Martirosyan, 2004). A majority of the intensity data
comes from localities very far (tens to hundreds km) from the fault, and more than 70% of the intensities
provided are V MMI or less. The spatial distribution of the intensity data is strongly inhomogeneous,
insofar as the area is sparsely populated. Clearly, this poses serious difficulties for assessing a reliable
earthquake epicentral intensity.

In this study, the earthquake environmental effects (EEE) reported in several papers (EBERHART-PHILLIPS
et alii, 2003; Cronk et alii, 2004; Kaven et alii, 2004; HAEUSSLER, 2009) have been analyzed, in order to
assess local intensities according to the ESI 2007 scale. The localities with diagnostic EEEs number 131;
the resulting ESI intensities range between VII and XII. The ESI intensities have been evaluated based on
evidence of surface faulting (primary effect), slope movements, liquefaction and ground rupture features
(secondary effects). The characteristics of the analyzed effects, with the relative intensity evaluation, are
reported in the EEE Catalogue, hosted by ISPRA in the framework of the INQUA TERPRO Focus Area
on Paleoseismicity project “A global catalogue and mapping of Earthquake Environmental Effects” (see
Chapter 4).
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Discussion

In figure 3.8 is shown a macroseismic map derived from the MM intensities combined with the ESI
2007 intensities, which can be useful to better define the ground motion of the earthquake.

Fig. 3.8 - The 2002 Denali earthquake: macroseismic intensity field based on CII and ESI2007 intensities. The maximum ESI 2007 intensity degree based
on the amount of slip is XII, but the resulting I, is XI.
- Il terremoto di Denali del 2002: campo di intensita macrosismica basato sulle intensita CII e ESI 2007. 1l massimo grado di intensita ESI 2007 in base
all’entita dello slip risulta pari a XII, ma l'intensita epicentrale I é invece pari a XI.

Based on the maximum primary EEE, i.e. the maximum horizontal slip of 880 cm and the total
surface rupture length of 340 km, the maximum intensity, according to the ESI scale, is XII. However,
the maximum vertical offset of 540 cm (with a dubitative measure of 642 cm) and the spatial distribution
of secondary effects (landslides and liquefactions), with a total affected area of at least 40,000 km?, lead
to an epicentral intensity estimation of XI, although close to XII. The distribution and characteristics
of EEEs allow locating the macroseismic epicenter W of Mentasta, broadly ESE of the instrumental
epicenter, and near the third sub-event.

In conclusion, this study of the Denali 2002 earthquake, confirming the importance of collecting
primary and secondary EEEs in order to define the complex nature of earthquakes (either in terms of
ground motion and slip segmentation), has allowed a more reliable epicentral intensity to be assessed: no
less than XI, possibly XII, based on the ESI scale. Actually, the maximum intensity proposed earlier (IX
MM; MARTIROSYAN, 2004) appears to underestimate the earthquake by at least two degrees as compared
with its magnitude. Hence, the intensity evaluation based on damage is liable to be too poorly constrained
in sparsely populated areas, and geological effects can dramatically improve its assessment.
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4. - The EEE Catalogue

Nowadays, a significant amount of data about Earthquake Environmental Effects is available for a
very large number of recent, historical and paleo-earthquakes. However available information is located
in several different sources (scientific papers, historical documents, professional reports), and often
difficult to access.

The EEE Catalogue has been promoted with the aim to properly retrieve the available information
about EEE at global level and archive it into a unique database, in order to facilitate their use for seismic
hazard purposes. Its implementation has been endorsed at global level by the INQUA TERPRO Project
#0811, through a Working Group coordinated by ISPRA - Geological Survey of Italy.

Afirst official release of the EEE Catalogue has been done in the frame of the XVIII INQUA Congress,
held in Bern in July 2011. However, the implementation of the EEE catalogue is always in progress at
http://www.eeecatalog.Sinanet.apat.it/login.

Data can be explored on a public interface (fig. 4.1) based on Google Earth at http://www.eeecatalog.
sinanet.apat.it/terremoti/index.php
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Fig. 4.1. - The public interface of the EEE Catalogue, developed on Google Earth http://www.eeecatalog.sinanet.apat.it/terremoti/index.php.
- Interfaccia pubblica dell’EEE Catalogue, sviluppata su Google Earth http://www.eeecatalog.sinanet.apat.it/terremoti/index.php.



Mem. Descr. Carta Geol. D’It.
XCVII (2015), pp. 135-138
figg. 3

4.1. - Towards a global catalogue of earthquake environmental effects:
the EEE Catalogue

GUERRIERI L. (1), BAIOCCO F. (1), BLUMETTI A.M. (1), BRUSTIA E. (1), COMERCI V. (1),
ESPOSITO E. (2), LUCARINI M. (1), MICHETTI A.M. (3), PORFIDO S. (2), SCARAMELLA A.
(1), SERVA L. (1), VITTORIE. (1)

Introduction

The EEE catalogue collects the characteristics, size and spatial distribution of coseismic effects
on nature in a standard way from modern, historical and paleoearthquakes. For each event, we have
assessed epicentral and local intensities based on EEE data through the ESI 2007 scale (MicHeTTI et alii,
2007), that integrates and completes the traditional macroseismic intensity scales, allowing to assess
the intensity parameter also where buildings are absent or damage-based diagnostics saturates. This
procedure has allowed an objective comparison in terms of earthquake intensity, for events occurred in
different areas and/or in different periods.

The information is collected at three levels of increasing detail (Earthquake, Locality, Site). Also available
imagery documentation (photographs, video, sketch maps, stratigraphic logs) can be uploaded into the
database.

The quality of the database in terms of completeness, reliability, and resolution of locations is strongly
influenced by the age of the earthquake so that it is expected to be very variable. Nevertheless, even
where the information is less accurate (historical earthquakes), the documented effects are typically the
most relevant i.e. most diagnostic for intensity assessment. Similarly, the information from paleoseismic
investigations, although poorly representative of the entire scenario, still includes significant data (i.e.
local coseismic fault displacements) very helpful of a minimum size of the earthquake.

The added value

The major added value of the EEE Catalogue in terms of seismic risk is the possibility to explore the
scenarios of environmental effects induced by past earthquakes and therefore identify the areas where the
anthropic settlements and infrastructures are more exposed to this source of potential hazard. To this end,
a good accuracy of EEEs location becomes crucial. Typically, EEEs from recent earthquakes are mapped
with good accuracy immediately after the event. Nevertheless, even for some historical earthquakes it
is possible to retrieve with very good detail this information. It is the case of the December 28", 1908
Messina Straits earthquake and consequent tsunami (fig. 4.2), where the EEE Catalogue allows to locate
the earthquake/tsunami effects over the present urban texture with a spatial resolution of a few meters,
pointing out the areas characterized by the highest risk.

(1) Geological Survey of Italy, ISPRA, Roma, Italy.
(2) Istituto per I’Ambiente Marino Costiero, CNR, Napoli, Italy.
(3) Dipartimento di Scienze Chimiche ¢ Ambientali, Universita dell’Insubria, Como, Italy.
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Fig. 4.2 - EEEs induced by the December 28, 1908 Messina Straits, Italy, earthquake in the area of the Messina harbour. If information from contemporary
sources is very precise, it is possible to use the EEE Catalogue also for local seismic microzonation.
- EEEs indotti dal terremoto del 28 Dicembre 1908 nell Stretto di Messina (Italia), nella zona del porto di Messina. Se le informazioni contenute nelle
fonti contemporanee sono molto precise é possibile utilizzare ['EEE
Catalogue anche per microzonazione sismica locale.

Furthermore, the EEE Catalogue allow to reveal possible trends in the spatial distribution of primary
and secondary effects. For example, figure 4.3 shows the spatial distribution of EEEs induced by the
October 8 2005, Muzaffarabad, Pakistan, earthquake (Avr et alii, 2009): it is quite evident that the
location and amount of surface faulting is consistent with the spatial distribution of coseismic slope
movements, in terms of both areal density and size.

A similar result is shown by the spatial distribution of EEEs induced by the 1811-1812 New Madrid,
Missouri, earthquakes, mapped in figure 4.4. Indeed, the most relevant primary and secondary effects
are located along the Mississippi valley near New Madrid, consistently with the surface projection of the
causative faults, and unquestionably provide diagnostic elements for assessing an epicentral intensity
equal to XI.

Final remarks

The recent catastrophic earthquakes occurred in Japan and New Zealand have clearly pointed out that
traditional seismic hazard assessment based only on vibratory ground motion data need to be integrated
with information about the local vulnerability of the territory to earthquake occurrence.

The collection of Earthquake Environmental Effects provided by the EEE Catalogue aims at identifying
the areas most vulnerable to earthquake occurrence. This information must complement traditional SHA
based on PGA maps.

Moreover, based on EEE characteristics, size and spatial distribution it is possible 1) to assess the
earthquake intensity through the ESI scale, and ii) to objectively compare the earthquake intensity of
events occurred in different areas and/or in different periods.
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- Fagliazione superficiale e movimenti di versante indotti dal terremoto dell Ottobre 2005 a Muzaffarabad (Pakistan).
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Fig. 4.4. - EEE induced by the December 16 1811 New Madrid, Missouri,USA, earthquake. Primary and secondary effects indicative of intensity XI in the

ESI 2007 scale are located in the epicentral area along the Mississippi Valley.

- EEE indotti dal terremoto di New Madrid (Missouri, USA) del 16 Dicembre 1811. Gli effetti primari e secondary indicativi di intensita XI nella scala

ESI 2007 sono localizzati nell 'area epicentrale lungo la valle del Mississippi.
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4.2. - EEE Catalogue: guidelines for public consultation and remote
compilation

GUERRIERI L. (1), BAIOCCO F. (1), BLUMETTI A.M. (1), BRUSTIA E. (1), LUCARINI M.
(1), SCARAMELLA A. (1), VITTORI E. (1)

Introduction

These guidelines are aimed at supporting the consultation and remote compilation of the EEE
Catalogue, a database infrastructure designed to collect information on Earthquake Environmental
Effects.

Data are collected at three levels of progressive detail (Earthquake, Locality, Site), corresponding to
three different tables:
1) The Earthquake Table contains general information about the seismic event.
2) The Locality Table contains information about the characteristics of a specific locality where some
EEEs have occurred. Local intensity assessment (from ESI or traditional scales) must be provided at this
level.
3) The Site Table contains information at the site of each EEE including detailed characteristics on the
type of earthquake.

The quality of the datasets is expected to be very different according to the earthquake date (modern,
historical or paleoevents), in terms of completeness, reliability, and resolution of locations. Nevertheless,
the EEE Catalogue is aimed at collecting EEEs data that are helpful for intensity assessment, beyond
their differences in data quality. In fact, effects documented in historical sources are frequently the
most remarkable effects (i.e. the most diagnostic) and therefore can be conveniently used for intensity
evaluation. Similarly, considering paleoearthquakes, the dataset deriving from paleoseismic investigations
cannot be representative of the entire scenario, but includes anyhow significant data (i.e. local coseismic
fault displacements) which are very helpful for a minimum measure of the earthquake energy.

Public consultation

http://www.eeecatalog.sinanet.apat.it/terremoti/index.php

From this URL, it is possible to consult the public version of the EEE Catalogue developed on Google
Earth.

Through this interface, it is be possible to explore (fig. 4.5):
+ some general information about the earthquake visible on a Google Baloon, by clicking on the
epicentre (yellow star) (A);
* the pattern of coseismic ruptures (primary or secondary), surveyed or interpreted, by clicking on the
gray triangle corresponding to Rupture Zone and activating the box Rupture Zone (B);

(1) Geological Survey of Italy, ISPRA, Roma, Italy
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 the geographic distribution of localities (green drops) and sites (classified in 7 EEE categories), by

clicking on the gray triangle corresponding to Locality level and activating the box Locality (C);

* the precise location of each Locality and Site by zooming in detail on it (red box in detail in C);

+ some general information about the Locality (e.g. local intensity) and Site (e.g. EEE Clasisication,
Description, Reference and photograph) visible on a Google Baloon, by clicking on the Locality (D)

and Site (E);

+ the entire database and photogallery (including maps, video, and other .pdf documents) related to a

specific earthquake, by clicking on the earthquake string in the ToC (F).

Fig. 4.5. - How to explore data into the EEE Catalogue (see text for details).
- Come si esplorano i dati nell’EEE Catalogue (si veda il testo per i dettagli).

Remote compilation http://www.eeecatalog.sinanet.apat.it/login

This Web Implementation interface is developed to support the remote compilation of the EEE Catalogue.
Therefore the access is restricted to Compilers.

Before starting the Web Implementation, a new Compiler is kindly requested to:
1) go to http://www.eeecatalog.sinanet.apat.it/admin/login.php and register for log-in (i.e. choose a
username and a password);
2) create a record of earthquakes specifying for each earthquake record at least date, epicentral area and list
of authors (i.e. compilers);
3) send an email to the EEE Catalogue Administrator (luca.guerrieri@isprambiente.it) reporting your username
and the list, for editing authorization.

Only one Compiler is authorized to edit each individual earthquake record. Therefore, in case more than
one Author will contribute to compile the same earthquake record, they are expected to share the same
username.

At the end of the Web Implementation phase, compilers are requested to send an email asking for
validation and publication. Data collected in each earthquake record will be verified by a Scientific
Committee in terms of technical (i.e. standardization) and scientific quality.

For each table only some selected fields are displayed. By clicking the Lens button Wd it will be possible
to open the entire table.

Earthquake records can be edited only by authorized compilers: by clicking on the Edit button A it will
be possible to modify data and save them with the Edit button, located at the bottom of the mask. For some
fields, compilers will be requested to select from a menu.
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Data compilation must be done at three different levels of generalization (Earthquake, Locality and
Site). Below are provided some detailed information about the characteristics of fields referred to the
tables Earthquake, Locality and Site.

Moreover, it is possible to upload:

* the pattern of coseismic ruptures as linear elements (.previously edited as .kml file), at Earthquake
level;
+ photgraphs, sketches or videos documented a single effect, at Site level.

Table Earthquake (fig. 4.6)
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Fig. 4.6 - The Table Earthquake.
- La tabella Earthquake.
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Age Earthquake: select among Paleo, Historical or Instrumental

Earthquake Code: it is composed by 11 digits. It is the primary key (univocal) for the table “Earthquake”. It is defined by the
Scientific Secretary according to the following:

For recent and historical earthquakes:

2 digits country code = the initial letters of the country (please refer to the epicenter),;

8 digits for date (yyyymmdd),;

1 digit according to the type of shock (M = main shock; a = aftershock; f = foreshock).

Example: GR20041211m

For paleoearthquakes:

2 digits for country code;

5 digits for year (Oyyyy if lower than 10,000 years)

3 digits for “pal”

1 digit for progressive integer (in case of two events of the same age in the same country);

Example: IT17500pall; SP06540pal2

Year, Month, Day: dates are referred to the Christian calendar division, where AD = Positive; BC = Negative. Only Year is
mandatory.

Date Uncertainties: It is an estimate, in years, of the degree of uncertainty of the date. It is a mandatory field for
paleoearthquakes which are affected by a dating uncertainty. It can be used also for historical earthquakes in case of
important uncertainties in date (> than I year). In case of exact date, this field can be empty.

Hour, Min, Sec: These are optional fields.

Epicentral Area: This is a mandatory field.

Country: This is a mandatory field.

Epicentral Latitude and Longitude: Coordinates of the epicentres. Mandatory fields.

SRL.: Surface Rupture Length = the total length of coseismic surface faulting, in km.

MaxD: the Maximum Displacement, in m.

Surface faulting type: choose the best option between Hypotesized based on site observations or Surveyed rupture zone
(typical of recent events).

Slip Type: select between the options (optional field);

Rupture Zone: create a rupture zone as .kml with linear elements and upload.

Total area of Secondary Effects: this field should be filled at the end of the compilation of the record. The measure unit is
km?. This is a mandatory field for the ESI epicentral intensity assessment.

Number of Effects: This field should be filled at the end of the compilation of the record as a measure of the wealth of
information behind the ESI intensity assessment.

Damage based Epicentral Intensity and Intensity Type: These two fields record the epicentral intensity values and type
using traditional damage-based macroseismic scales. These are mandatory fields for recent and historical earthquakes (of
course, empty for paleoearthquakes).

Magnitude and Magnitude Type: These two fields record magnitude values and types. These are optional fields (of course,
empty for paleocarthquakes).

ESI epicentral intensity: This mandatory field records the ESI epicentral intensity value based on the total distribution of
surface faulting and/or the total area of secondary effects. In case available data do allow this assessment, this field should be
filled with the maximum value among ESI local intensities (see next).

References: select the reference for seismological data.

Authors: the Authors of the compilation of this record. Not more than 2 authors are allowed to compile the same earthquake
record. This field is filled by the Scientific Secretary.
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Table Locality (fig. 4.7.)

Page HIN1 FiMlof 2

Add

Locahty Name

Fossa

|onna

San Nicandro

Paganica

Bazzano

L'aquila

Tempera

1 Ovindoli

San Demetrio ne' Vestini
Civita di Bagno
Collebrincioni

Poggio di Roio

Aquilio

Terranera

San Martino D'Ocre
Arischia

Lucoli

Santo Stefano di Sessanio
Barisciano

Molina Aterno

Town /distnct

L'Aquila
L'Aquila
L'Aquila
L'Aquila
L'Aguila
L'Aquila
L'Aguila
L'Aquila
L'aquila
L'Aquila
L'aquila
L'Aquila
L'Aquila
L'Aquila
L'Aquila
L'Aquila
L'aquila
L'Aquila
L'aquila
L'aquila

Records 1 to 20 of 27

Geomorph Setting

Hillslope
Alluvial plain
Hillslope
Alluvial terrace
Hillslope
Alluvial terrace
Alluvial terrace
Hillslope
Hillslope
Lowland plain
Mountain slope
Hillslope
Lowland plain
Hills

Hills

Hillslope
Mountain slope
Mountain slope
Hillslope
Hillslope

Page Size (20 ¥

LU - - R - I T R - T - R - N - TR - ]

8 2 (¥ X ®Map @ Sites

7 2 | # X ®Map ® Sites
5 2 X ®Map ® Sites
9 2 #X ® Map # Sites
8 2 X ®Map ® Sites
8 | X ® Map # Sites
9 ¥ X ®Map # Sites
6 /) [# X & Map # Sites
8 2 ¥ X ®Map ® Sites
6 2 # X ®Map ® Sites
8 » ¥ X ®Map ® Sites
8 S [ X ®Map # Sites
6 |l X ®Map # Sites
7 S # X = Map ® Sites
7 P [ # X ®Map # Sites
7 ¥ X ®Map # Sites
6 /& X = Map # sites
6 ¥ K ® Map ¥ Sites
6 ¥ X ®Map # Sites
5 2 ¥ X ® Map ® Sites

Fig. 4.7. - The Table Locality.
- La tabella Locality.

View Table: Locality
Back to List Add Edit Delete Sites

IT20090406m
Locality Name Fossa

Earthquake Code

Town /district L'Aquila
Locality Latitude 42.29284
Locality Longitude 13.48683
Locality Altitude (meters) L5281
Local PGA

Geomorph Setting

Damage based 7
Local intensity

ESI
Local Intensity

Locality Name: the name of the locality (es. village) representing an area linked to a specific local intensity assessment. It
is a mandatory field.
Town / District: the name of a town or a district representing a geographic area which includes more than one localities (es.
province). It is a mandatory field.
Local Latitude and Longitude: Coordinates of the locality. Mandatory fields.
Locality altitude: An average value of the altitude of the locality in meters.
Local PGA: Local measure of Peak Ground Acceleration, when available. It is a optional field.

Geomorphological setting: describe the geomorphological setting of the locality focusing on where EEEs have been
recorded. It is a mandatory field.
Damage based local intensity: Local intensity value based on traditional macroseismic scales. It is an optional field but
recommended for intensity comparisons.
ESI local intensity: Local intensity value based on ESI scale. Mandatory field.
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Table Site (fig. 4.8.)

Table: Sites

= Search

Swarch (%) | Showal
® Exact phrase Al words ' Any word

Page WAl FiMlof 2 Records 1 to 20 of 24  Fage Sae (20 ¥

Set of fa
Sat of fractures crossing tha road. Millmetric width, Strkes NJ10. NJ35, N340,

cutting the road. Mamn trend: - 100. A mgrvhcant pant-setmec svolibon m documanted by the occurrence of rew ractires and ncraame 5 wdth (0,5-2 cm)

15P-AG0TT Ground cracks Sat of fractures crossing the road. Length: 3-4 m; Width: some milimeters. Strike N275. 2 @ X * Imagas

Q078 Slops Gravity shewn by leng cracks in paved road A X mages
15P-AG012 Ground cracks About 20 paraliel cracks in unpaved roads. Site width = 200 m. Avarage trend: N3GOS. Millimetric width. A X mages
155-40011 Hydrological ancmaly Drying up of water springs / changes in water drcharge A % % Images
15P- 40067 Ground cracks Fracture tranding NI15. Length: soms tens of meters. It seems to continus along the quarry wall up o the surface. A X Images
15P-AQ113 Ground cracks small fracture on dirt road; Strike NSOW A W images
15P-AQ114 Ground cracks set of fractures; Strice between NSE and N-5; manum width up ta 0.5 cm # % Images
1SP-40Q115 Ground cracks a fracture cpened after 16/04/091 Strike NEOW, £ & X Images
15P-AQ116 Ground cracks fracturs with strie NIOW # o % * Images
I1SP-AQ117 Ground cracks Renson cracks on the quamy edge # 8X # Images
ISP 20115 Ground cracks Striké NE5W; width up to 2 mm A ¥ % images
ISP-AQ136 Slops movement  landshda in il material; main scarp about 10m; vohame ca. 1000 cubic m: X % Images
15P-A0Q137 Ground cracks set of fractures; Strike N&5-70W,; millmetne width; A & s images
I5P-4Q138 Siope movement landséde in il material, volums: ca. 150 cubic m; # F x * images
15P-AQ139 Ground cracks Strike N7OW: width up to 1.5 cm; & ¥ Images
I5P-AQ140 Ground cracks Strike N2Z5W) width up to 1 mm, A mages
15P- 40141 Ground cracks Strike NS5W; width about Smm; length about 4 m; other milimetrric fractures A & X Images
15P-AQ144 Ground cracks Strike N4OW; length about 15 m; width up to 12 cm oK images

>EEE Catalogue Web Implementation<>

View Table: Sites

Back to List Add Edit Delete Images

| Surface faulting | Slope movements | Ground settlements | Ground cracks | Hydrological

1se-aQo10
Ground settiement

escription il

Picture

42.2909
13.5765

TLEN] Hillslope

Several ground failures all around the lake, Maximum widths: about 1 m. Lowering: up to 1 m. Remarkable post seismic evolution. Instrumental monitoring.

Fig. 4.8. - The Table Site.
- La tabella Site.

Site Name: the toponym of the site where a specific EEE has occurred. It is a mandatory field.

Site Latitude and Longitude: coordinates of the site. Mandatory fields.

Site Altitude: The altitude of the site in meters. It is a optional field.

Site geomorphologic Setting: describe the geomorphological setting of the site. It is a optional field.

Type Of Effects: Select from the menu: Surface faulting; Slope movements; Ground settlements; Ground cracks; Hydrological
anomalies; Anomalous waves; Other effects. It is a mandatory field.

EEE Description: The real description of the EEE. It is a mandatory field.References For Description: Select one or more
references for the source of the above description. It is a mandatory field.
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Images (fig. 4.9.)

It is possible to upload an image of the effect (picture, sketch map, paleoseismological log, other
document). Only JPEG formats will be accepted (size <2 M). Select type of image, reference (the source
of the image) and the caption.

Table: Images

= Search

| | | Search (*) | Show all

® Exact phrase ‘' All words '~ Any word

Page HI¥J1 PIMlof 1 Records 1to3of 3 Page Size [20 ¥|

Add

Type image |Reference image Caption text (*) Image
Picture Blumetti et al., 2009 Several ground failures all around the lake.
Picture Blumetti et al., 2009 Several ground failures all around the lake.
Picture Blumetti et al., 2009 Several ground failures all around the lake.

Fig. 4.9. - The Table Images.
- La tabella Images.
Details on EEEs

In case Compilers have more detailed information about the characteristics of a single EEE you are
describing, they are kindly requested to record them, by clicking on the detailed tables of each type of
effects (from the Table sites, in editing mode).

Although these fields are not mandatory: however, it is recommended to fill them whenever it is possible
since these are basic data for ESI intensity evaluation.

References (fig. 4.9a)

From the tag Reference it is possible to add short references (e.g. Wegener et al., 2011) and full
references (containing authors, year, title, and article references). No specific formats have been
developed for full references.
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Table: reference
= Search

| Search (*) | Show all

® Exact phrase ' All words ' Any word

Page H[4l3 Llﬂl of 20 Records 41 to 60 of 386 Page Size (20 ¥
- _ |

short reference (*) *|year

Baratta, 1906 1906 P I B (X
Baratta, 1906a 1906 P @ B X
Baratta, 1908 1908 P & B X
Baratta, M. (1909) 1909 P & B X
Baratta, M. (1909) 1909 P & & (X
Baratta, M., 1910 1910 P & B X
Bardet et alii, 1995 1995 P | B X
Basili et al., 1998 1998 » & B (X
Battacharya et al., 2011 2011 P R X
Battista et al., 1986 1986 » & B X
Battista, 1858 0000 P | B X
Bell et al., 2005 2005 P & B X
BensaAode 1909 1909 P& B (X
Berry, D. 1908 P & B X
Bignami et al., 2005 2005 P I & X
Binkerd, A.D. 0000 P B X
Blumetti et al., 1988 1988 P I B X
Blumetti et al., 2002 2002 P & B (X
Blumetti et al., 2009 2009 P & B X
Blumetti, 1995 1995 » & B (X
View Table: reference
Back to List Add Edit Copy Delete
[T T GER Baratta M. (1908) - Le nuove costruzioni in Calabria dopo il disastroso terremoto dell's settembre 1905. Modena. Soc. Tip. Modenese,

Fig. 4.9a. - The Table Reference.
- La tabella Reference.

Some suggestion for data compilation

For an easier data compilation, Compilers should preliminary start:
1) to organize data at earthquake, locality and sites level. Localities and sites MUST have a geographic
reference. The system will use geographic coordinates (latitude and longitude) in decimal degrees (please
use . to separate integers).
2) to prepare the list of references of documents used as source of information
3) to save all additional imagery material (photograps, sketch maps, paleoseismic logs, vides, .pdf
documents) into a specific folder.
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4.3. - Documentation of earthquake-induced environmental effects based
on tools: Earthquake Geo Survey application

PAPATHANASSIOU G. (1), KOPSACHILIS V. (2)

Introduction

One of the activities of the INQUA TERPRO Focus Area on Paleoseismology and Active Tectonics,
in the frame of the INQUA Project 1299 - EEE METRICS (PARAMETRIZATION OF EARTHQUAKE
ENVIRONMENTAL EFFECTS: Relationships between source parameters and ESI-2007 Intensity for
Modern, Historic, Ancient and Paleo Earthquakes), is the development of an application that could
be used by earth-scientists and engineers during field surveys for reporting the earthquake-induced
environmental effects. The development of this application is the first step of the INQUA TERPRO
Focus Area on Paleoseismology and Active Tectonics in the new era of online information-exchange.

In order to achieve this, it was decided to develop an application that can be used by 10S and android

mobile devices e.g. smartphones and tablets. The called Earthquake Geo Survey application is mainly
designed based on the Earthquake Environmental Effects form, proposed by the INQUA TERPRO
SubCommission Group for reporting earthquake-induced deformations (MicueTTi et alii (2007), and the
recommendations of GEER, Geotechnical Extreme Events Reconnaissance, (GEER, 2011) regarding
data processing after a post-earthquake reconnaissance field survey.
In particular, via this application the user is able to document on-fault and off-fault effects, collect GPS
waypoints (in decimal degrees using WGS84) and indirectly geo-tag the collected photos. The type
of effects that can be reported and described in detail are surface faulting (on-fault effects) and off-
fault effects including slope failures, liquefaction, tsunami, ground cracks, hydrological anomalies and
other effects like trees shaking (fig. 4.10). For example, regarding the earthquake-induced liquefaction
phenomena, the user can select a subtype of liquefaction from a list including the three most characteristic
ones (ejection of sandy material, subsidence and lateral spreading), describe in detail the failure within
an extra field, report the maximum diameter of sand boils, select either water or sand ejection and finally
locate the site by activating the GPS and take a photo of the liquefaction manifestation. In addition,
the macroseismic intensity can also be evaluated using the ESI-07 scale and the relevant chart that is
provided.

Moreover, a crucial issue that arises during field surveys is the preparation of preliminary maps,
delineating areas and indicating sites, where environmental effects were reported and they should be
further investigated in detail. In order to address to this issue, it was designed that the data, collected
during the field survey, to be saved on the SD card of the smarthphone/tablet as kmz file and consequently
directly imported to Google Earth and other GIS application for further processing. In addition, it was
designed that the collected data be plotted with different symbols-icons depending on the type of failure

(1) Department of Geology, Aristotle University, of Thessaloniki, Greece
(2) Department of Geopgraphy, University of Aegean, Greece
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in order to produce maps showing the spatial distribution of one-type or combination of earthquake-
induced failures including relevant geo photo. Furthermore, new functions are planned to be developed
for increasing the usefulness of the application e.g. activation of the compass in order to be used for
reporting surface faulting and the direct linkage to the web site of Earthquake Environemntal Effects for
on-line presenation of the collected data.

&

Open “Add . te },;f‘/ Information
existing y y about the
earthquake o project

—— Export
e S
Surface Slope  Liquefaction N drolo cal -"‘:l‘@th'er j
ruptures failur"es__.' Sr;%:;d .t,sunamll_l, ;'lzama"ﬁig y  EliEeEy

Fig. 4.10. - Flowchart of the Earthquake Geo Survey.
- Diagramma di flusso dell’Earthquake Geo Survey.

Data Model

The main concepts of the Data model of the Earthquake Geo Survey application are earthquake
and environmental effects, which are represented in the application according to OOP (object-oriented
Programming) principles as classes.

The earthquake class is used for describing the earthquake itself by the following attributes: code, date
(dd/mm/yy), earthquake magnitude, magnitude type (Mw or Ms), ESI epicentral intensity, epicentral
area, country, longitude and latitude (WGS84). The class representation is depicted in figure 4.11.

Earthquake

-Code
-Date
-Magnitude
Magnitude Type i s
-ESI Epicentral intensity

-Epicentral Area
-Country
-Longitude
-Latitude
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Environmental effects classes describe the documenting earthquake-induced effects, following the
recommendations provided by the EEE form (MicuerT! et alii, 2007), and have been grouped into 7
types. In particular, the types of effects that can be reported and described are: surface faulting, slope
failures, liquefaction, tsunami, ground cracks, hydrological anomalies and other effects. Each effect is
described by different attributes depending on its effect type. For example, dip information might be
meaningful for a surface faulting effect and do not apply for a slope movement effect. However, all
effect types share common attributes such as ID and Longitude/Latitude. For that reason our data model
was designed according to class inheritance principle.

In our model, the Effect class is used as a parent class and there are seven more child classes that
represent each effect type (fig. 4.12). The common attributes which are ID, Subtype, Date, Description,
Longitude, Latitude, ESI-07 scale and Photo) are represented by the Effect parent class. Each child
class hold attributes that are specific to the effect type and also inherits the attributes from its parent
class Effect. For example, a slope movement effect is represented by the Slope Movement class and is
described by the attributes ID, Subtype, Date, Description, Longitude, Latitude, ESI-07 Scale, Photo,
Blocks Dimension and Total Volume.

Effect

-1D

-Subtype
-Date
-Description
-Longitude
-Latitude
-ESI-07 scale
-Photo

N

Surface Faulting

-Horizontal Offset
-Vertical Offset

Hydrologic Anomalies

-Strike -Temperature -Blocks Dimension
-Dip -Discharge -Total Volume
-Slip Vector -Chemical

-Gas Emission

Slope Movements

Other

Anomalous Waves/Tsunamies Ground Cracks Ligquefactions
-Waves Height -Strike -Max Diameter
-Width -Dip -Max Lowering
-Affected Coast -Max Opening -Water Ejection
-Time Delay -Sand Ejection

Fig. 4.12. - Effect Class Diagram.
- Diagramma dei campi a livello Effects.
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KML structure

As it was previously mentioned, the collected data are stored in KML (Keyhole Markup Language)
files. KML is an XML notation for expressing geographic annotation and was developed for use with
Google Earth, which is a software for viewing of Earth satellite imagery, maps and user defined overlays
of geographic information (GEER, 2011). Each KML file holds information about an earthquake,
visualization styles and earthquake’s environmental effects in XML elements. At the top of each KML
document XML elements name, Timestamp and Extended Data holds information about the earthquake
itself such as name, date, magnitude etc.

Style XML elements define styles for effect visualization in Google Earth. Each effect, depending on
its type, is visualized in Google Earth with its type symbol (icon) and a custom information popup. The
Effect icon is similar to the icons proposed by SiLva et alii (2008) in order to maintain the consistency
between the ESI-07 scale and the application. Therefore, in KML document there are seven Style
elements, one for each effect type. In these elements, the type symbol and info popup template are
defined.

In KML document, each effect is described by a Placemark XML element and there are as many
Placemark XML elements as effects. Placemark elements contain sub-elements that fully describe an
effect (fig. 4.13). In particular, the Name sub-element holds ID, the StyleUrl sub-element associates
this effect with a visualization style depending on its type, thePoint sub-element holds longitude and
latitude, the TimeStamp sub-element holds effect’s reporting date and finally, the ExtendedData sub-
element contains more sub-elements that hold other information that fully describe the effect such as
subtype, description, ESI-07 scale and name of the photograph.

<P lacemark>
<nawme-gl</ name >
<ztylelrl>#5urface Faulting</stylelUrls
<Pointr<coordinates>26.55899175,39.106032150000004 </ coordinates></Foint:>
<TimeStawpr<when>24-3-2013</ vhenx</ Tine3tamps
<Extendedlata>
<Data name="Type"><valuexSurface Faulting«</values</Dataxr
<Data name="Subtype"><valuerDhligque</value></Data>
<Data name="Description":><value></value></Datax>

Fig. 4.13. - Placemark XML element.
- Placemark XML.

<Data namwe="photo"><valuesrgl.jpg</values></Datax
<Data name="esgi"><value>3</valuer</Datar
</ Placemark:>

Application development

At present time the Andorid application has been released and can be downloaded from the
web site of Play Store
https://play.google.com/store/apps/details?id=org.inquaterpro.seismicsurveyapp, while the design of
the 10S application structure has been already started. Earthquake Geo Survey application for Android
was developed in Eclipse IDE (Integrated Development Environment). Eclipse is the recomended IDE
for android application development as it supports the Android Development Tools (ADT) plugin, and
integrates the Android SDK (Software Development Kit) which is essential for application developing
for Android Devices. The programming language used for the application development is Java.

During development phase, the application was tested on a HUAWEI U8180 device with the
following features: Android 2.2.2 OS, 2.8 in. display, capacitive touch screen, 512MB memory, 3.15
megapixel camera, 4 GB SD card, and GPS. The application runs on devices with Android 2.2 OS
version or newer and it requires access to camera and GPS receiver features and permission to write
to device’s external storage.
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Each earthquake is stored in a KMZ file that are compressed KML files containing zero or more
supporting files such as images. KMZ files are stored in device SD card under Earthquake GeoSurvey
folder. The application makes use of the device GPS receiver in order to capture effect’s location
(longitude and latitude) in WGS84 coordinate system. Camera enables application users to take pictures
for an effect and thus, each photo can be tagged with location.

Step-by-step guide to documenting earthquake-induced environmental effects

In this section is presented the procedure that should be followed by users in order to document the
environmental effects during a post-earthquake reconnaissance survey.

Initially, a new earthquake file should be created in order to add an effect. In order to achieve this,
the user should click on New Earthquake Button at the application’s home screen (fig. 4.14, left). At the
new screen, there is an earthquake form that the user should fill with current earthquake-related data (fig.
4.14, right). To create the earthquake file the user should click at the Save Button at the bottom of the
screen and a KMZ file will be created and stored in the SD card of the device. The name of the created
file is the one that the user entered in the Code field.

REafl YHeg 2w~ Balld GEeg 20w
Earthquake GeoSurvey Earthquake Info
Ve |aoNd
{ | Safine
MNew Earthguake

Code cod1 )
{ T J Fig. 4.14. - Home Screen (left) and Earthquake Screen

o (right).
Dat it Schermata a livello Home (sinistra) e a livello Earthquake

(destra).
Magnitude | 5.4

(O)Ms (7 )mw
Magnitude Type l\_/" U

L

Authnr:'[ vasilis kopsachilis

Focus Area on Falecseismology
and Active Tectanics (TERFRO) :
INGHLA Longitute

Now the user can add an effect to current earthquake by clicking on the Effects Tab at the top of the
screen and then by clicking at Add New Effect Button (fig. 4.15, left). We should note that at this time
the effect list is still empty for the selected earthquake. Selecting the effect type that will be documented
(fig. 4.15, right), the appropriate effect type screen will appear.

REA0 wHEeQ 212m ali M@0 sosm
Earthquake Info
e Sufface Faulting
Earthquake Effects

H Arep malees
Earthquake: cod1 u-“ e

et Fig. 4.15 - Effect List Screen (left) and Effect Types
AR GBI U S WAL T LLiSa Screen (right).
Schermate relative alla Lista degli effetti (sinistra) e ai
efl —_— Effects Type (destra).

Surface Faulting a Grownd Cracks
ef2

Hydrologic Anomalies I Slope Movements
ef3

Anomalous Waves/Tsunami ; Liguefactiany

{ Add Mew Effect H Home J
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The relevant Effect Screen contains a form with fields that the user should fill in order to describe the
effect while the effect location can be captured by clicking on the GPS Off button. This will activate the
GPS receiver, and after a few seconds the longitude and latitude of the user location will be captured.
User can add a photograph from the effect place by clicking at the Photo button. When the user fill the
form, can add the effect to the earthquake file by clicking at the Add Effect button at the bottom of the
screen. He can return to the effect list screen and preview the newly added effect by clicking at the Effect
List button.

Once the earthquake file is created, it can be used by Google Earth and other GIS applications. In
Google Earth, the collected data are plotted with different symbols depending on the type of failure and
when the user clicks on an effect an information popup appears containing information about the effect
and a picture. In figure 4.16 is shown part of the outcome of the field survey, conducted after the Feb. 3,
2014 Cephalonia earthquake, and particularly the sites where liquefaction phenomena were triggered in
the waterfront area of the city of Argostoli.

Fig. 4.16 - Example of Google Earth Visualization.
- Esempio di visualizzazione mediante Google Earth.
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4.4. - Cataloguing the EEEs induceded by the 1783 5" February
Calabrian earthquake: implications for an improved seismic hazard

BLUMETTI A.M. (1), GUERRIERI L. (1), PORFIDO S. (2)

Introduction

A series of strong seismic events occurred in Calabria (Southern Italy) in 1783, triggering a very long
seismic sequence lasting about three years.

The first main shock occurred on 5™ February (Intensity 11 MCS; Mw about 7; Rovida et al., 2011),
causing more than 30,000 casualties and drastically changes in the local landscape. This event was
followed by other strong shocks in the night and during the following days. Particularly, on 6" February,
a strong earthquake (Intensity 8.5 MCS; Mm 5.8; (Working Group CPTI, 1999) triggered in Scilla, along
the cliff of the Monte Paci, a huge rock avalanche (5 Mm?® inland and 3 Mm® in the off shore zone),
generating a disastrous tsunamis (TNt et alii 1996; Graziant et alii, 2006). On 7" February another
catastrophic event rocked the Mesima Valley (Intensity 10.5 MCS; Mw about 6.7; Rovipa et alii, 2011)
followed by another strong event on 28" March, in the Catanzaro area (Io = 11 MCS, Mw about 7;
Rovipa etalii, 2011). The epicentres and local macroseismic intensities of three major shocks are located
in figure

Environmental Effects (EEEs) caused by these seismic events have been fully documented by
contemporary reports (Coccia, 1783; DE Leong, 1783; DE DorLomieu, 1784; GRIMALDI, 1784; SARCONI,
1784; CarisTINA, 1786; VIVEnzIO, 1788; GaLaNTI, 1792; CARBONE GRIO, 1884) and reviewed by scientific
papers in more recent time (GALLI & Bosi, 2002 on primary effects; Cotecchia et alii, 1986 & GaLl,
2000, Bozzano et alii, 2010, Porripo et alii, 2011, on secondary effects).

In this note, we will focus on the EEEs produced by the first main shock occurred on 5" February. All
the effects described in different historical sources and recent papers have been carefully reviewed and
catalogued in the EEE Catalogue.

http://www.eeecatalog.sinanet.apat.it/terremoti/index.php

(1) Geological Survey of Italy, ISPRA, Roma, Italy.
(2) Istituto per I’Ambiente Marino Costiero, CNR, Napoli, Italy.
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Fig. 4.17. - Three main shocks of the 1783 seismic sequence in Calabria occurred on 5" February, 7" February and 28" March (source: Rovipa et alii, 2011).
- Le tre scosse principali della sequenza sismica del 1783 in Calabria, avvenute il 5 e il 7 Febbraio e il 28 Marzo (fonte: Rovip4 et alii, 2011).
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Description of primary and secondary EEEs

Descriptions of EEEs related to the 1783 seismic sequence were reported by scientists and experts
mainly sent in the epicentral area by the Bourbon government to survey any effect produced by the
earthquake. The most detailed and reliable report focused on the descriptions of EEEs referred to the 5%
February event was provided by Sarconi (1784) in the Istoria, a “travel diary” of a scientific expedition
headed by M. Sarconi (Secretary of the Royal Academy of Sciences and Fine Arts of Naples) sent in
Calabria by F. Pignatelli (Bourbon General Vicar for Calabria). This scientific report is accompanied
by a large number of draws by the architects Schiantarelli and Stili documenting in many cases the
occurrence of EEEs.

Primary EEES

Among all the EEEs, some of them were described as a set of cracks that were particularly impressive
due to their length, continuity, geometry, and orientation. For instance, De Dolomieu (1784) wrote “...
almost along all the length of the chain the deposits resting against the granite... slipped on this steep
slope, and descended a little lower. And then a 9-10 miles long rift formed between the sandy and the
stiff terrain, and this rift goes continuously from San Giorgio to Santa Cristina following the bottom of
the foothill...” (cfr. other descriptions in GaLLi & Bosi 2002).

Taking into account all the descriptions, the fracture occurred at the foot of the Aspromonte hillslope
can be easily interpreted as a 25 km-long evidence of surface faulting (fig. 4.18).
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Fig. 4.18. - Screenshot of the EEE Catalogue focused on the 1783 5" February surface faulting pattern (linear and site evidence). Considering all the
segments, the total rupture length is about 35 km.
- Screenshot dell’EEE Catalogue focalizzato sulla fagliazione superficiale del 5 Febbraio 1783 (evidenza lineare e puntuale). Considerati tutti i segmenti
riattivati, la lunghezza della rottura totale e pari a 35 km.
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These fractures were firstly interpreted as evidence of surface faulting by Cotecchia et al. (1969, 1986):
these Authors interpreted the historical descriptions as evidence of “fault reactivation” and hypothesized that
the scarp at the foot of the Aspromonte range was related to the 1783 seismogenetic fault. A detailed map of
the geomorphic changes triggered by the earthquake (Cotecchia et alii, 1986) points out the seismogenic
structure as a continuous line between Santa Cristina and Cittanova. More recent studies (GaLL & Bost,
2002), have provided the evidence for the reactivation of other two fault segments (Polistena-Cinque
Fondi and S.Eufemia): in this hypothesis, the total rupture length will increase up to 35 km.

Based on the descriptions provided by Sarconi (1784), Galli and Bosi (2002) located a paleoseismic
trench in the epicentral area of the 5 February shock near Cittanova. The site was selected using a draw
by Schiantarelli showing the Mercante Road affected by surface faulting (fig. 4.19; Sarconi, 1784). The
trench was excavated across the fault scarp located on the left side of the picture, exposing displaced
alluvial and colluvial deposits (GaLLi & Bosi, 2002). Paleoseismic investigations produced more detailed
stratigraphic information about previous surface faulting events in the same point.

Fig. 4.19. - Details from an original draw by P. Schiantarelli (a member of the
expedition head by M. Sarconi) showing the displacement of the Cittanova plain
and of the Mercante Road due to the 5" February earthquake. Two en echelon
steps are visible, the lower being measured by two members of the Bourbon
expedition.

- Un dettaglio tratto daun disegno originale di P. Schiantarelli (un membro
della spedizione guidata da M. Sarconi) Details from an original draw by P.
Schiantarelli (a member of the expedition head by M. Sarconi) mette in evidenza
la dislocazione della piana di Cittanova e la Strada Mercante a cause del
terremoto del 5 Febrraio. Sono visibili due segmenti en-echelon, di cui quello
inferior é stato misurato dalla spedizione borbonica.

The same Authors excavated another trench along the so-called Cittanova fault, in the old settlement
of Santa Cristina d’Aspromonte, at the contact between granites and continental deposits. The surface
expression of this fault is characterized by a double scarp, about 0.8 m high totally, that, according to the
historical observations, was formed during the 1783 event. Since the old Santa Cristina site is at the tip
of the reactivated fault, the height of this scarp should be taken as a minimum for the offset produced by
the coseismic surface faulting occurred during the 5" February 1783 earthquake.

Secondary EEEs

The 1783 seismic sequence was accompanied by a huge amount of ground effects induced by the
seismic shaking (secondary effects) that caused a “geomorphogenetic crisis” (CoTteccHia et alii, 1986):
in particular, landslides, liquefaction phenomena and rivers diverted or dammed by landslides.

Slope movements: the 5" February 1783 earthquake triggered so many landslides that about the
60% of the epicentral area was affected and about a half of the villages were dragged to the valley
by landslides and consequently destroyed. Many of these villages directly affected by landslides (i.e.
Terranova Sappo Minulio, Molocchiello, Cosoleto, Oppido Mamertina) were drawn by P. Schiantarelli,
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one of the architect of the Borbonic expedition, (i.e.: SArRconi, 1784; fig. 4.20).

A lot of descriptions of these effects are available: among them, Vivenzio (1788) about the town of
Terranova reported: “mass of buildings crumbed and mixed with the soil” and about the Oppido area: “it
was so large the derangement caused by the earthquake of February 5", that instantaneously in many
places the ground sinked, entire hills were translated with horizontal movements and the river beds
Jjumped from the bottom to the top”

De Dolomieu (1783) about the Molocchiello village wrote: “It was situated in front of the town of
Terranova and at the same elevation, on a small plateau of a mile length and of 200 “passi” large,
between the Soli and Marro rivers, which flow at its foot in deep valleys. A part of the village fell down
on the right, the other on the left, and it doesn t remain any soil where it was situated but a donkey s back
crest so thin, that one cannot walk on it”.

Fig. 4.20. - The original draws by P. Schiantarelli pointing out the coseismic landslides that affected some of the villages destroyed by the 5" February
1783 earthquake. A) Terranova Sappo Minulio; B) Oppido Mamertina; C) Molocchiello; D) Cosoleto. In the foreground the San Bruno lake formed by
the damming of the Lindo river.

- Disegni originali di P. Schiantarelli che mettono in evidenza le frane cosismiche che hanno interessato alcuni villaggi distrutti dal terremoto del 1783. A)
Terranova Sappo Minulio; B) Oppido Mamertina, C) Molocchiello; D) Cosoleto. In primo piano il lago di San Bruno formatosi dallo sbarramento lungo
il fiume Lindo.

In figure 4.21 it is shown a screen shot from the EEE catalogue centered in the epicentral area of
the 5" February shock, pointing out the areal distribution of slope movements. The relevance of the
coseismic landslides is not fully evidenced by this image: in fact, since landslides were very widespread
and somewhat coalescent, each point corresponding to a single landslide does not represent the real
extension of the phenomenon. Anyway, details about the extent and other characteristics of the slope
movements are available as attribute in the EEE catalogue.
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Fig. 4.21. - Screen shot from the EEE catalogue focused on the slope movements induced by the 5™ February 1783 Calabria earthquake.
- Screen shot dall’EEE Catalogue focalizzato sui movimenti di versante indotti dal terremoto del 5 Febbraio 1783 in Calabria.

A more realistic scenario is provided by the original map provided by Vivenzio (1788) showing the 215
lakes formed by the coseismic landslides that dammed the river courses (fig. 4.22)
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Fig. 4.22. - Location map of 215 lakes formed due to landslides, during the February 5™ 1783 earthquake (after Vivenzio, 1788).
- Mappa dei 215 laghi formatisi a seguito di fenomeni franosi, durante il terremoto del 5 Febbraio 1783 (Vivenzio, 1788).
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Cotecchia et alii (1969; 1986) dedicated a monography to “the geomorphogenetic crisis” triggered by
the 1783 earthquakes. These Authors studied the Sarconi (1784) report together with other scientific
reports (GrRiMALDI, 1784; Vivenzio, 1788) and carefully described and mapped many of the coseismic
landslides that are still preserved in the landscape, after 200 years (fig. 4.23).

: Rejuvened fault scarp observed during
| =TT the 5th February 1783 earthquake

Town or village destroyed by landslides
triggered by the earthquake

Lake formed by the damming of river
courses related to landslides

,-‘ ‘{9‘. " <=7
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Fig. 4.23. - Details from the map of the geomorphic changes triggered by the 5" February earthquake (after Cotecchia et alii, 1986).
- Stralcio della mappa delle modifiche geomorfologiche indotte dal terremoto del 5 Febbraio 1783 (CoteccHia et alii, 1986).

CoteccHia et alii, (1986) classified most of the slides as earth-blocks, with translational movement along
horizontal or gently sloping surfaces situated only a few meters below the valley bottom. They called
these features “seismites” using the term normally used to indicate the characteristic deformation of
sediments induced by the seismic shaking, to point out their relevance.

Liguefaction phenomena: In the epicentral area of the 5" February shock liquefaction phenomena
were also widespread and impressive, being also very often strictly related to the slope movements. For
example a DGPV that involved the whole area among Polistena, Cinquefondi and San Giorgio Morgeto,
was due to the occurrence of liquefaction in depth within the sandy strata (GuerriccHio et alii, 2008).

Also liquefaction phenomena were fully surveyed and drawn (fig. 4.24 Sarconi, 1784) and therefore
collected into the EEE Catalogue (fig. 4.25): they were described as eruptions of groundwater with sand
which reached a height of several feet with formation of “craters” (DE DorLomig, 1784) that occurred
mostly in the epicentral area, but also very far away from it (GarLi, 2000). Also the extensive ground
lowering that sometime involved important building was reported (cftr. fig. 4.24, right; SARconi, 1784),
obviously due to liquefaction occurrence.
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Fig. 4.24. - Liquefaction phenomena occurred: (left) in the Rosarno plain; (right) at Terranova town (S. Cristina well in the courtyard of the Celestini
Frier ‘s Monastery). After Sarconi (1784).
- Fenomeni di liquefazioni avvenuti nella piana di Rosarno (a sinistra) e nella citta di Terranova (pozzo di S.Cristina nella campagna del monastero dei
Celestini). Da Sarconi (1784).

SiNAnet Qv ... EEE¥ Catalogue

Weicoms o the EEE Catalogus

Control panel Utilities and Tools
* Mavgaticn = Legend
v B e z I v .
@ O 1M000N Ckinta. Catina fak
> S Euchre Zong @X
v @ B Losainy
© S Gt e Q
6 05 S0es Sania Cristes 5 Sagromonts ighaoty Vo
el 10 S Coigtes AaGromonts iohots 1
I Lags Toomeat conie 41 in

# 5 anta Crivmes sagromonse
© cmanen
¥ B IS S Cmanpa chots 31

O
P

Sitas—

; Surface faulting

)
L TE—

Q Ground setthement
=

&l

" Ground cracks

, Hydrological anamaly

o Anomalous waves
—
ﬁ Other effects

» Earth Utisty
« Search Engee
+ Layout

EEE CATALOGUE

Fig. 4.25. - Screen shot from the EEE catalogue focused on the liquefaction phenomena induced by the 5" February 1783 Calabria earthquake.
- Screen shot dall’EEE Catalogue focalizzato sui fenomeni di liquefazione indotti dal terremoto della Calabria del 5 Febbraio 1783.
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Evaluation of ESI epicentral and local intensity values

Based on the characteristics and size of Earthquake Environmental Effects stored into the EEE
Catalogue, it has been possible to evaluate ESI epicentral and local intensities.

The extent of normal surface faulting (rupture length about 35 km; maximum displacements at least in
the order of 0.8 m) and the total area affected by secondary effects (about 3,500 km?), clearly indicate
that the ESI epicentral intensity is equal to X.

The evaluation of 38 ESI local intensity values (tab. 4.1, fig. 4.26), ranging from VII to XI intensity
degree, has been done taking into account all the effects occurred in each individual locality.

In four localities (Santa Cristina di Aspromonte, San Giorgio Morgeto, Molochio and Oppido
Mamertina), ESI local intensity values have reached intensity degree = XI, higher than epicentral
intensity. This is most likely due to specific characteristics of the local territory and to a very high density
of secondary effects (e.g. landslides and liquefactions) that caused catastrophic changes in the local
landscape.

Comparing the distributions of ESI and MCS local intensity values, it is possible to point out:

+ agood correspondence (< one degree) for 37% of the localities and a difference never larger than two
degrees. Only 13 % of the localities show differences larger than one intensity degree;

* in case of difference, ESI intensity values appear to be generally lower than MCS ones (21 cases).
Instead, only in three cases ESI intensity values (San Giorgio Morgeto, Soriano Calabro and San Lucido)
are larger than MCS values.

Considering that ESI 2007 intensity scale has been calibrated on the MM and MSK intensity scales,
while MCS intensity scale provides values larger than the other scales (typically about one degree
higher) it is possible to outline a substantial consistency between the ESI and MCS scenarios. In fact,
most of the local seismic amplifications due to site effects are recorded in larger damages to buildings
but also in greater effects on natural environment. Nevertheless, it has to be noted that these latter effects
could be surveyed also where effects on buildings are absent, such as in sparsely populated areas. This is
not the case of most of the localities hit by the 1783 event, but could explain larger ESI intensity values
in three localities, confirming its added value.

Conclusions

The sequence of strong earthquakes that hit the Calabria region in 1783 caused huge damage in terms
of dead toll (more than 30,000) and extensive destruction (MCS I, = 11) but also produced dramatic
changes in the landscape induced by the occurrence of a huge amount of EEEs.

In particular, landslides and liquefactions associated to the 5" February seismic shock affected a
remarkable portion of the territory (about 60%), and caused the formation of more than two hundreds
of temporary lakes. Thanks to several contemporary survey reports, the available documentation about
such EEEs is very detailed and complete, even if it is an historical earthquake occurred more than two
hundreds years ago.

For this reason, it has been very important to collect this information into the EEE Catalogue: in fact,
beyond the obvious advantage of making available such information on a public source in a standard way,
this effort has also allowed to better use the collected data for an improved seismic hazard assessment. In
fact, the huge amount of observations related to the EEEs induced by this historical event, has allowed
to compare it with modern events in terms of other EEEs scenarios available in the EEE Catalogue.
Moreover, the evaluation of epicentral and local intensities based on EEEs through the ESI 2007 intensity
scale, has provided an independent and valuable assessment of seismic hazard of the Calabria region,
that conveniently integrates the current SHA which is based only on the effects of historical earthquakes
on buildings and infrastructures.
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Tab. 4.1. - MCS and ESI local intensity values for 38 localities affected by EEEs associated to the 5™ February 1783 Calabria earthquake.
- Valori di intensita locali second le scale MCS ed ESI per 38 localita interessate da EEEs associati al terremoto della Calabria del 5 Febbraio 1783.

MCS ESI MCS ESI
Local Local Local Local
intensity Intensity intensity Intensity
Santa Cristina di 11 11 San Fili 10 9
Aspromonte
Lo Laureana di Borrello 9.5 9
San Giorgio Morgeto 10 11
. Maropati 10 9
Molochio 11 11
. . San Procopio 10.5 9
Oppido Mamertina 11 11
5 Santa Anna 10 9
Cittanova 11 10
Radicena 11 9
Polistena 10.5 10
Scrofario 11 9
Varapodio 11 10 .
Scido 11 9
Terranova Sappo Minulio 11 10 .
Gioia Tauro 10 9
Cosoleto Vecchio 11 10 i
Drosi 10 8
Castellace 11 10 i
Nicotera 9 8
Cinquefrondi 10.5 10 .
Messina 8 8
Lubrichi 11 10 .
Gallico 9 8
Seminara [Vecchia] 10 10 Reggio di Calabria 8.5 8
. Calanna 9 8
Sitizano 11 10
Joppolo 8 8
Delianuova 11 10 Coccorino 8 8
Plati o 9 San Lucido 6 7
Torre Faro 8 7
Soriano Calabro 7 9 Ganzirri 75 7
Rosarno 10 9 Maida 6.5 7
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Fig. 4.26. - Screen shot from the EEE catalogue focused on the localities with EST local intensity value associated to the 5™ February 1783 Calabria earthquake.
- Screen shot dall’EEE Catalogue focalizzato sulle localita con intensita ESI riferite al terremoto del 5 Febbraio 1783 in Calabria.
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5. - References related to the ESI 2007 intensity scale, the
EEE Catalogue and related INQUA projects (2007-2014)

After the publication of the ESI intensity scale in 2007, numerous scientific papers and reports
have been focused on Earthquake Environmental Effects data collection from recent, historical and
paleo earthquakes, and seismic intensity evaluations based on EEE data through the ESI 2007 scale.
These works have been mostly but not exclusively conducted in the frame of the INQUA TERPRO
SubCommission on Paleoseismicity activities and projects.

Below is reported a list of references published in the period 2007-2014, of:
 papers published on peer reviewed journals or in the proceedings of international scientific conferences;
 reports focused on the field surveys of EEEs induced by recent earthquakes;
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