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Summary

v INQUA TERPRO Subcommission on Paleseismicity projects (since 2003)

v' Earthquake Environmental Effects (EEEs) and their use for intensity assessment
through the EST scale.

v'The EEE Catalogue: a tool to compare modern, historical and paleoearthquake

v Some examples
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<+ 2003 XVI INQUA Congress, Reno, USA

< 2007 XVII INQUA Congress, Cairns, Australia

EEE ¥ Catalogue

< 2011 XVIIT INQUA Congress, Berna, Switzerland

<+ 2015 XIX INQUA Congress, Nagoya, Japan
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Earthquake Environmental Effects

Earthquake Environmental Effects (EEEs) are any phenomena generated by a seismic event in
the natural environment. They can be categorized in two main types:
v’ Primary effects. the surface expression of the capable tectonic source, including
surface faulting, surface uplift and subsidence.
v’ Secondary effects. phenomena generally induced by the ground shaking. They are
conveniently classified into eight main categories: slope movements, ground settlements,
ground cracks, hydrological anomalies, anomalous waves (including tsunamis), other effects

(tree shaking, dust clouds, jumping stones).
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A new intensity scale based only on the
characteristics, size and distribution of environmental
effects (Michetti et al., 2007).

The scale was elaborated and tested in the frame of
the 2003 - 2007 INQUA TERPRO SubCommission on

Paleoseismicity project “"An innovative approach for

assessing earthquake intensities: the INQUA Scale,
based on seismically-induced ground effects in the
environment” (ref. INQUA 0418).

MEMORIE

CARTA GEOLOGICA D'ITALIA

INTENSITY SCALE ESI 2007
La Scala di Intensitd EST 2007
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effects on humans

effects on manmade
structures

effects on natural
environment

Earlier intensity scales (De Rossi, Mercalli, Cancani, Omori, Sieberg)
were considering effects on natural environment as a diagnostic
elements.

In the second half of the XX century these effects have been
progresively disregarded and increasing attention has been paid
to the effects on humans and man made structures (MSK and
EMS98).




2nd INQUA-IGCP-567 International Workshop on Active Tectonics,
Earthquake Geology, Archaeology and Engineering, Corinth, Greece (2011)

Structure of the ESI 2007 intensity scale
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KEY REFERENCES

This chart is a contribution of the INQUA Focus Area on Paleoseismology and Active Tectonics (TERPRO), developed by the Sapnish Working Group of AEQUA, 2008-2010

Michetti et al., 2007. Environmental Seismic Intensity scale - ESI 2007.Memorie Descrittive della Carta Geologica d'ltalia, 74. Servizio Geologico d'ltalis, APAT, Rome, ltaly
Silva et al., 2008. Catalogue of the geological and environmental effects of earthquakes in Spain in the ESI-2007 Macroseismic scale. Cong. Geol. Esp. Gran Canaria, Spain

Reicherter, K., Michetti, A.M., Silva, P.G., 2009. Paleoseismology: Historical and Prehistorical Record of Earthquake Ground Effects. Geol. Soc. London Spec. Publ. 316. 324 pp. GSL Publishing Hous, London, UK.
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Description of ESI intensity degree

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 elon-
gated depressions develop; for very shallow focus earthguakes in volcanic areas rupture lengths miight be much lower. Tectonic
subsidence or uplift of the ground surface with maximum values in the order of few meters may occur.

Secondary (’ﬂ{’f‘tﬂ The fotal affected area is in the order of 5000 kni.

a) Many springs significantly change their flow-rate and/or elevation of outcrop. Some springs may run
tempomuh Or even perms menth 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 1n springs and/or wells. Often water becomes very muddy in even l'ucre 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 even big lakes and rivers, which overflow from their beds. In flood plains rivers may chan-
ge their course, temporary or even permanently, also becanse 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 _]7(:0
ding flat areas for thousands of meters inland. Small boulders can be dragged for many meters. Widespread dpgp erosion
is observed along the shores, with noteworthy changes of the coastline profile. Trees nearshore are eradicated and drifted
anay.

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

d) Largf landslides and rock-falls (> 10° - 10° ?) are frequent, practically regardless to equilibrinm state of the slopes,
causing temporary or permanent barrier lakes. River banks, artificial embankments, and sides of excavations fypically
collapse. Levees and earth dams may even incur serions damage. Frequent large landslides under the sea level in coastal
areas.

e) Trees shake vigorously; many branches and tree frunks break and fall. Some trees might be uprooted and fall.

t) Liguefaction, with water upsurge and soil compaction, may change the aspect of wide ones; sand volcanoes even more
than 6 m in diameter; vertical subsidence even > 1my; large and long fissures due to lateral spreading are common.

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

h) Boulders (diameter in excess of 2- 3 meters) can be thrown in the air and move an ay from their site for hundreds of meters
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several categories, ordered
by the initial degree of

occurrence.
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ESI 2007 vs traditional intensity scales

v From I to ITI: There are no environmental effects that can be used as diagnostic.

v' From IV to IX: Environmental effects are easily observable starting from intensity

IV, and often permanent and diagnostic especially starting from intensity VII. However,

they are necessarily less suitable for intensity assessment than effects on humans and

manmade structures. Their use is therefore recommended especially in sparsely populated

areas,

v" From X to XII: Effects on humans and manmade structures saturate, while
environmental effects become dominant; in fact, several types of environmental effects do
not suffer saturation in this range. Thus, environmental effects are the most effective tool

to evaluate the intensity.
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Diagnostic ranges of intensity degrees

Diagnostic range
Environmental effects of intensity
degrees
SURFACE FAULTING B
VIII {*}
AND DEFORMATION

HYDROLOGICAL
ANOMALIES

vV

ANOMALOUS
WAVES /TSUNAMIS

IV
GROUND CRACKS IV
SLOPE MOVEMENTS IV
TREE SHAKING IV
LIQUEFACTIONS \V4
DUST CLOUDS

JUMPING STONES
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Epicentral intensity (I,)

v’ Epicentral intensity (I,) is defined as

the intensity of shaking at epicenter, , — ,
PRIMARY SECONDARY
i.e. what intensity we would get, if there i EFFECTS EFFECTS

IIltE"IlSit‘:‘r SI_'R]:‘JLCE :I'LI.."L_.L b'_. RFACE
B DISPLACEMENT

RUPTURE TOTAL AREA
LENGTH

were a locality that matches the

epicenter.

v'Surface faulting parameters and total

area of distribution of secondary

effects (landslides and/or liquefactions) ters

are two independent tools to assess I0 ; 10-60 k 40 - 300 cm 5000 km?2

on the basis of environmental effects, sll= e
= 700 cm = 50000 km?

starting from the intensity VII.
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ESI local intensity

v' ESI local intensity has to be evaluated at the same scale of the local intensity deriving from
traditional macroseismic scales.

v' It is generally assessed through the description of secondary effects, but even the local
expression of primary effects, in terms of maximum displacement of a fault segment, may

pBflllee————
o¢

v Since the descriptions of environmental 2 SITE A

effects are not homogeneously surveyed over | g
the territory, which is common for historical
earthquakes, it is recommended to use the 1 e < TeEC

Locality - Site approach MAX  (INTENSITY ~  MAX

Professional
judgment
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1981 Alkyonides earthquake sequence (Ms 6.7, 6.4 and 6.3)
(after Papanikolau et al., 2009)

WH! map 24th and 25th February 1981 events
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West of Alepochori 50-60 cm of

subsidence was observed, flooding

* W yp to 50 m of the former shore
. (Mariolakos et al. 1982).

Surface ruptures on the
Plataies-Kaparelli fault zone during
the 4 March event, producing 50-
60 cm of throw (70 cm of
displacement).




2nd INQUA-IGCP-567 International Workshop on Active Tectonics,
Earthquake Geology, Archaeology and Engineering, Corinth, Greece (2011)

VIl Ix A
Heavily damaging — Destructive — Environmental Very destructive — Effects in
Extensive effects on the effects are a widespread source the environment become a
environment of considerable hazard and leading source of hazards and
become important for intensity are critical for intensity
assessment assessment
Primary effects observed Primary effects observed Primary ruptures become
rarely. Ground ruptures commonly. Ground ruptures leading. Surface faulting can
(surface faulting) may (surface faulting) develop, up extend for few tens of km,
develop, up to several to a few km long, with offsets with offsets from tens of cm
hundred meters long, with generally in the order of up to a few metres. Gravity
offsets not exceeding a several cm. Tectonic grabens and elongated
few cm, particularly for subsidence or uplift of the depressions develop:
very shallow focus ground surface with maximum Tectonic subsidence or
earthquakes. Tectonic values in the order of a few uplift with maximum values
subsidence or uplift with decimetres may occur. in the order of few meters
maximum values on the Mmay OCcur.
order of a few centimetres

may OCCur.
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Added value of ESI 2007

v The EST 2007 added value is particularly clear in case damages to buildings:
1) are lacking, such as in desert or sparsely populated areas;

2) suffer from saturation, i.e. the earthquake causes the total collapse of buildings (X

intensity degree in Italy).

In these cases, effects on natural environment are the best tool, often the only one, to

“measure” the earthquake intensity.

v Moreover, intensity values based on environmental effects are more widely comparable than

damages to buildings since they are not influenced by local socio-economic conditions.

v Some environmental morphogenetic effects can be stored in the paleoseismological record,

allowing to expand the time window for seismic hazard assessment up to tens of thousands of

years.
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Translated in eight languages
v Environmental Seismic Intensity Scake - EST 2007
v’ La scala di intensita sismica EST 2007

v’ Escala medio-ambi

ental de intensidad sismica EST 2007

v' ESI 2007 Intensitdtsskala

v ESIN2007F D E]

el

=

>Z

v’ LLikana cencmmyeckom MHTEHCMBHOCTN HA OCHOBAHUU MPUPO. ] Hi
acbektoB - ESI 2007
v H pakpoaeiguikrn kKAipaka évraagng EST 2007 -

v’ Seismische intensiteitschaal op basis van omgevingseffec‘reﬂ
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Earthquake Environmental Effects,
intensity and seismic hazard assessment:

the ESI intensity scale and the EEE Catalogue

I:H.Hfr'Nﬂm.ﬂh‘“fﬁ:ﬂi’m-iﬂﬂirﬁﬁm FOALLD J00T - :1:..-:. . . . _.-‘ ._.I : - .._ : . “ /Av i I b l e ) l i e
L l-_-, reecinses i aila on-line at

_ — - rE L e B TR

el ¢ - sl http://www.isprambiente.gov.it/site/en-

GB/Projects/INQUA_Scale/Documents_/

Memorie Descrittive Carta Geologica d’'Italia
Vol. xyz
2011
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Objective

To collect in a standard figfmaiihe wealth of information of environmental /
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INQUA Project #0811 Team
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Leonello Serva (ltaly), Aybars Gurpinar (Turkey)
Alessandro M. Michetti (Italy), Luca Guerrieri (Italy), Eutizio Vittori (Italy)
Bagher and Jody Mohammadioun (France-USA), Pablo Silva (Espana)
Klaus Reicherter (Germany), Christoph Grutzner (Germany) Shmulik Marco (Israel),
Rifka Amit (Israel), Sabina Porfido (Italy),
Eliana Esposito (Italy), Miguel Rodriguez Pascua (Espana),

Amos Salamon (Israel), Anna Maria Blumetti (Italy), Valerio Comerci (Italy),
Jim McCalpin (USA), Alan Nelson (USA), George Papathanassiou (Greece),
Anna Fokaefs (Greece), loannis Papanikolaou (Greece),

Glenda Besana (Philippines), Elisa Kagan (Israel),

Mohammed Abdel Aziz (Egypt), Frank Audemard (Venezuela),

Nina Lin (Taiwan), Manuel Sintubin (Belgium)

Claudia Lalinde (Colombia), Silvia Mosquera (Colombia),

Yolanda Zamudio (Peru) , Kervin Chunga (Ecuador), loannis Papanikolau (Greece)

and many others




Web Implementation interface
http://www.eeecatalog.sinanet.apat.it/lo

Page |H[4]/1 b|H| of 4 Records 1 to 20 of 62 Page Size |20 El
Add
Age Earthquake |Year’ Month (*) Day (*)|Epicentral Area (*)|Country|Surface faulting type Magnitude (*)|Magnitude | Intensity ESI Epicentral
Earthquake Code
(*)
Instrumental SP20110511 2011 05 11 Lorca, Murcia Spain  HYpotesized based 5.1 Mw EMS
on site observations
Instrumental IT20090406m 2009 04 06 L'Aquila, Abruzzo Italy f;‘r::eye‘j rupture 6.3 Mw MCS
Instrumental GR20080608m 2008 06 08 Peloponnesus Greece f;‘r::eye‘j rupture 6.4 Mw EMS
Instrumental CH20080512m 2008 05 12 Wenchuan China 7.9 Mw EMS
Instrumental PK20051008m 2005 10 08 Muzaffarabad Pakistan 7.6 Mw WM
Instrumental SP20050129 2005 01 29 La Paca, Murcia Spain 4.8 Mb EMS
Instrumental JP20041023m 2004 10 23 ithi‘sr:SU’ Nogata  yapan 6.6 Mw IMA
Instrumental 1S20040211 2004 02 11 Northern Dead Sea Israel
Instrumental GR20030814m 2003 08 14 Lefkada Island Greece 6.2 Mw EMS
Instrumental RU20030927m 2003 09 27 Altai Russia 7.2 Mw MSK
Instrumental US20021103m 2002 11 3 Denali, Alaska U.5.A. fé‘;:eye‘j rupture 7.9 MW
Instrumental TW19990920m 1999 09 20 Chi-chi Taiwan SUurveyed rupture 7.3 Mw ™A
4 1
= 5 I — e — | [—
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Intensity

Reference
for seismologic data

9 Chiarabba et al., 2009

Koukouvelas et alii,
2010

12

9

11

10 ISC

Donna Eberhart-
Phillips, et al., 2003

11 CWB99

P.G. Silvz
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3.3, Marti
Diaz

Lippmann
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Lucarini K
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Public Viewing interface
http://www.eeecatalog.sinanet.apat.it/terremoti.php

Public version of the EEE Catalogue based on Google Earth

&l EEE - Earthquake En

€ C O www.eeecatalog.sinanet.apat.it/terremo

SiNAnet  @uew.......... EEE Catalogue

Welcome to the EEE Catalogue

Control panel

~ Navigation

¥ oy )L
Data S10, NOAA, IS, Navy sNGA, GEBCO
% Image lBEAD ~
Image @ 2011 GeoEye
@ 2011 CnesiSpotimage
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* 1997/09/3

1703/01/14 . Norma Umbria. Italy*

1703/
2609!04'05 L'AquilatAbruzzo, I'caly,r

-1500, Fucino, Italy *

1805/07/26, Bojano, |

1703/02/02, L'Aquila, Abruzzo, Italy

-

Earthquake Description

Date:

Epicentral Area:

Country:

Magnitude:

Magnitude Type:

Damage based epicentral intensity:
Intensity Type:

SRL:

MaxD:

Surface faulting type:

Slip type:

Total area of secondary effects:
Number of effects:

Esi Epicentral Intensity:
Reference for seismological data:
Authors:

1703/02/02
L'Aquila, Abruzzo
Italy

0.0

Mw

10

MCS

10

0.6

Hypotesized based on site observations
normal

1000

19

10

9

Blumetti A.M.
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Locality name: Pieve Torina

Town district: Macerata
Damage based local intensity: 6
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— l‘:_q

' ESI local intensity: 6
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- Open/close info panel

EEE
Earthquake Environmental Effects Catalogue

Image info:

Fault exposure at junior high school running track
in Wu Feng

Close Gallery

EEE CATALOGUE
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Added value

The EEE Catalogue will point out:

in an area hit by a strong earthquake;

Messlrﬁ(Corso Gaf'bald " Messina (Capitaneria di Porto) (photo: 1)

e: Ema

Sites Description

Name: Messina (Capitaneria di Porto)
Type of effects: Ground settlement

EEE description: E I'abbassamento della spiaggia, che venne
osservato fra Messina e il caposaldo BA, che
trovasi verso il Nord della citta, e fra Bagnara e la
Fiumara dell'Oliveto sulla costa Calabra, il quale
abbassamento raggiunge 71 cm. alla Capitaneria
del porto di Messina e 58 cm. a Reggio, fu
semplicemente prodotto, come sembra piu
probabile, dal franamento del cordone litoraneo

- ' 4 A
! e, Messma- spianata SyRanieri
per effetto della scossa del terremoto. B o 5 'ru-(* R \ »\4‘ \ )

References for description: Rizzo G.B. (1911). Sulla propagazione dei Messina (Bacino di carenagglo)

movimenti prodottti dal terremoto di Messina del == L—' .

28 dicembre 1908, Memorie della Reale Accademia
delle Scienze, s. Il, 61, 355-417.

Messma(Penls Imd#San.Ramerl baclnodl'carena

*Mifw.
G

. " <
Image © 2011 Eugpea @m;[lmz_@_ﬁp
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Added value

The EEE Catalogue will point out:

through ’rhe ESI scale
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Iy S
; ,@-

2005/10/08, Muzaffarabad, Pakistan

Earthquake Description

Date

Epicentral Area

Country:

Magnitude:

Magnitude Type:

Damage based epicentral intensity:
Intensity Type:

SRL:

MaxD:

Surface faulting type:

Slip type:

Total area of secondary effects:
MNumber of effects:

Esi Epicentral Intensity:
Reference for seismological data:
Authors:

ULGIGE] (Q Thotha

; IS-(‘L?‘._" of Gori
JandarbainsKatha

: 2005/10/08
: Muzaffarabad

Pakistan
7.6

Mw

11

MM

reverse
92400
1293
11

Ali, Michetti A.M. Rigamonti E.
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Added value

The EEE Catalogue will point out:

J

Cahcki;% Saint|Louis

Herculaneum KaskaeKia

14

Cape Gerardeau, 80 km notth from epicenter of N:M. \
about 30.kmlabove the mouth of the Ohio.river,

1811/12/16, New Madrid, Missouri, U:STA
: New Madrid
_D,unklin_County_Q

About 20ikm I'rom._i_iltle Prairi:;;_‘i,tmb Prairie

. q"” 1
Fort,St: Stephens’ _.QN
ol

o

Wes

1811/12/16, New Madrid, Missouri,

@ Chillicothe

Q Washington

U.5.A.

Earthguake Description

Date:

Epicentral Area:
Country:
Magnitude:
Magnitude Type:

1811/12/16

New Madrid, Missouri
U.S.A.

8

Mw

Damage based epicentral intensity:

Intensity Type:

SRL:

MaxD:

Surface faulting type:

Slip type:

Total area of secondary effects:
Number of effects:

Esi Epicentral Intensity:

11

Reference for seismological data:

Authors

: L. Stangoni

Jefferson
*
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Some examples

2009 L'Aquila
1703 L'Aquila
1980 Irpinia

2002 Murindo
2003 Lefkada




* INQUA - INQUA 2011, Bern, 20 - 27 July 2011
International Union for Quaternary Research Session # 55 Paleoseismology, megacities, and critical social infrastructures

Final remarks

- Recent earthquakes have confirmed the primary role of EEEs for SHA;

. The EEE Catalogue infrastructure is ready for a standard data collection of
EEEs. It is a very helpful tool in emergency conditions;

- It will be always under implementation. But it needs to identify priorities in
data collection (geographic, temporal, magnitude threshold, type of effects,
etc.);

> Potential links with other initiatives encourage this data collection effort.




