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Earthquake Environmental Effects (EEEs) and their use for intensity assessment 

through the ESI scale.

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

Some examples
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A global catalogue and mapping of Earthquake 
Environmental Effects (project #0811)

TO BE DECIDED

An independent assessment of earthquake 
intensity scale based on ground effects: the 

INQUA Scale (project #0418). 
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Earthquake Environmental EffectsEarthquake 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:

Primary effects: the surface expression of the capable tectonic source, including 

surface faulting, surface uplift and subsidence.

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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The ESI 2007 intensity scale (or INQUA scale)The ESI 2007 intensity scale (or INQUA scale)
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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).



Why a new intensity scale?Why a new intensity scale?
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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).



Structure of the ESI 2007 intensity scaleStructure of the ESI 2007 intensity scale
The ESI 2007 scale is structured in 12 degrees, similarly to traditional intensity scales, 

developed to be consistent with the Modified Mercalli macroseismic scale (MM-31, MM-56,) 

and the MSK-64, since these are the most applied worldwide and includes many explicit 

references to environmental effects.  
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Description of ESI intensity degreeDescription of ESI intensity degree

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

The title reflects the 

corresponding force of the 

earthquake and the role of 

environmental effects.

The characteristics and size 

of primary effects are 

reported firstly. Then, 

secondary effects are 

described i) in terms of total 

area of distribution for the 

assessment of epicentral 

Intensity (starting from 

intensity VII); ii) 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 giv

degree.



ESI 2007 vs traditional intensity scalesESI 2007 vs traditional intensity scales
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From I to III: There are no environmental effects that can be used as diagnostic.

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;

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.



Diagnostic ranges of intensity degreesDiagnostic ranges of intensity degrees
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Epicentral intensity (IEpicentral intensity (I00))
Epicentral intensity (I0) is defined as 

the intensity of shaking at epicenter, 

i.e. what intensity we would get, if there 

were a locality that matches the 

epicenter. 

Surface faulting parameters and total 

area of distribution of secondary 

effects (landslides and/or liquefactions) 

are two independent tools to assess I0 

on the basis of environmental effects, 

starting from the intensity VII.
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Intensity Intensity 
MM (based on damage)

IX
ESI 2007 

XI

26.03.26.03.1872 Owens Valley 1872 Owens Valley (California, USA)(California, USA)
M=7.6 SRL>110 km MD≥10m



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

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 
contribute to its evaluation.

Since the descriptions of environmental 
effects are not homogeneously surveyed over 
the territory, which is common for historical 
earthquakes, it is recommended to use the 
Locality – Site approach
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MS intensity distribution (up to IX)

1981 Alkyonides earthquake sequence (Ms 6.7, 6.4 and 6.3)1981 Alkyonides earthquake sequence (Ms 6.7, 6.4 and 6.3)
(after Papanikolau et al., 2009)(after Papanikolau et al., 2009)
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West of Alepochori 50–60 cm of 
subsidence was observed, flooding 
up 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).
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1981 Alkyonides surface faulting distribution1981 Alkyonides surface faulting distribution
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Comparison between MS and ESI 2007 intensitiesComparison between MS and ESI 2007 intensities



Added value of ESI 2007Added value of ESI 2007
The ESI 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.
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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.

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. 



Translated in eight languages
Environmental Seismic Intensity Scake – ESI 2007

La scala di intensità sismica ESI 2007

Escala medio-ambiental de intensidad sismica ESI 2007 

ESI 2007 Intensitätsskala

ESIの2007年の震度

Шкала сейсмической интенсивности на основании природных

эффектов – ESI 2007

Η μακροσεισμική κλίμακα έντασης ESI 2007

Seismische intensiteitschaal op basis van omgevingseffecten 
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Available on-line at

http://www.isprambiente.gov.it/site/en-

GB/Projects/INQUA_Scale/Documents_/
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The EEE Catalogue: The EEE Catalogue: 

A catalogue of Earthquake Environmental EffectsA catalogue of Earthquake Environmental Effects

INQUA TERPRO project 0811 INQUA TERPRO project 0811 
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Why the EEE Catalogue is timely?Why the EEE Catalogue is timely?

A huge amount of information of EEEs in now availableA huge amount of information of EEEs in now available
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Lessons from recent earthquakes clearly pointed out the relevancLessons from recent earthquakes clearly pointed out the relevance of EEEse of EEEs

for SHA purposesfor SHA purposes

The  recent development of web GIS applications and geograohic iThe  recent development of web GIS applications and geograohic interface nterface 

based on Google Earth allow to disseminate collected data over abased on Google Earth allow to disseminate collected data over a geographic geographic 

interface.interface.



ObjectiveObjective
To collect in a standard format the wealth of information of envTo collect in a standard format the wealth of information of environmental / ironmental / 

geological effects induced by seismic events, in order to:geological effects induced by seismic events, in order to:

bridge a gap between recent, historical and paleoearthquakes;bridge a gap between recent, historical and paleoearthquakes;

allow a more objective comparison among them, taking advantage allow a more objective comparison among them, taking advantage from the from the 

application of the ESI scale.application of the ESI scale.

Data sourcesData sources
Surveys on EEEs (from remote and field observations)Surveys on EEEs (from remote and field observations)

Historical contemporary documents Historical contemporary documents 

Paleoseismological papersPaleoseismological papers
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Web Implementation interfaceWeb Implementation interface
http://www.eeecatalog.sinanet.apat.it/login.phphttp://www.eeecatalog.sinanet.apat.it/login.php

-- Developed to support the remote Developed to support the remote 

compilation of the EEE Catalogue. compilation of the EEE Catalogue. 
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Public Viewing interfacePublic Viewing interface
http://www.eeecatalog.sinanet.apat.it/terremoti.phphttp://www.eeecatalog.sinanet.apat.it/terremoti.php

Public version of the EEE Catalogue based on Google EarthPublic version of the EEE Catalogue based on Google Earth
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EARTHQUAKE LEVEL: SUMMARY DESCRIPTIONEARTHQUAKE LEVEL: SUMMARY DESCRIPTION

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



EARTHQUAKE LEVEL: RUPTURE ZONESEARTHQUAKE LEVEL: RUPTURE ZONES
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LOCALITY LEVEL: LOCAL INTENSITIES LOCALITY LEVEL: LOCAL INTENSITIES 
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SITE LEVEL: EEE DESCRIPTIONSITE LEVEL: EEE DESCRIPTION
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Added valueAdded value
The EEE Catalogue will point out:The EEE Catalogue will point out:

•• the most vulnerable zones in terms of EEEs the most vulnerable zones in terms of EEEs in an area hit by a strong earthquake;in an area hit by a strong earthquake;
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Added valueAdded value
The EEE Catalogue will point out:The EEE Catalogue will point out:

•• an independent seismic intensity evaluation an independent seismic intensity evaluation through the ESI scale.through the ESI scale.
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Added valueAdded value
The EEE Catalogue will point out:The EEE Catalogue will point out:

•• an independent seismic intensity evaluation an independent seismic intensity evaluation through the ESI scale.through the ESI scale.
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Some examplesSome examples

2009 L2009 L’’AquilaAquila

1703 L1703 L’’Aquila Aquila 

1980 Irpinia1980 Irpinia

2002 Murindo2002 Murindo

2003 Lefkada2003 Lefkada
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Final remarksFinal remarks

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

The EEE Catalogue infrastructure is ready for a standard data cThe EEE Catalogue infrastructure is ready for a standard data collection of ollection of 

EEEs.  It is a very helpful tool in emergency conditions; EEEs.  It is a very helpful tool in emergency conditions; 

It will be always under implementation. But it needs to identifIt will be always under implementation. But it needs to identify priorities in y priorities in 

data collection (geographic, temporal, magnitude threshold, typedata collection (geographic, temporal, magnitude threshold, type of effects, of effects, 

etc.);etc.);

Potential links with other initiatives encourage this data collPotential links with other initiatives encourage this data collection effort.ection effort.

INQUA 2011, Bern, 20 - 27 July 2011
Session # 55 Paleoseismology, megacities, and critical social infrastructures 


